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PULSE A'ND FREQUENCY RESPONSE 

Some Useful Re ations 
by J. K. Skilling 

fa f pul i appli d o a wid band ircuit, and th outpu ha a ri c tim of 

50 nano econ an 
7 l\lHz. If th am 

pul e it low-fr qu 
i of n u eful 

off fr q uen y i ppro. ima t ly 
p in it re pon. e t a an d 

qu n yr pon of ad �1c 
from m a ur ment� o pul e pan e. For n 

w rk i g n ra ly impl r than th for 

dir ctly the wo 
n d wo ine-·wav 

I a ur m nt at 

b I 

mn 

\.n 

cover 

no 1 

' eep r would 
n - but w uid 

ru-

o h rwi c scnp 

n th id , th pr en tat f in trumen a ion do s no allow h 

ob rvati n f wav form \Yith he accuracy hat haract riz ine-wav t tinO". 

\ a re ul , pul , t iv 1 s accura information b fr qu n y r pan e 
than do direct measurem nt . 

MODELS 

orr lation of pul and ine-w v r p n. n rally done a m t activ -

uit cal ula ions ar don '''i h mo · 1 ·. 1 e cal ulat s both pul e-re. pon e 
f r a giv n mod J circuit wi h giv n 
if th ob rv d wa v form fr01n a r al 

ha. f•al ·ula f r h m I, th h 

. am a tha d f r th mod 1. 

d a p oxima i n by mo mn mon 'ivid band� 

hav r a onab l mo h r Hoff at both low and 
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LOW-FREQUENCY RESPONSE 

figure 1. Low'-frequency 
mod'el and input and output 

waveforms,. 

Th I ;v-fr q ncy r p n e of th cir ui v rn he amount of "droop' in 
th outpu pul e. I i u ually ade uat e a impl high-pa circui 
a a m del for low-fr quen y b ha ior a hown in Fi(J'ur 1. If th amount of 
droop · � le han 30 p r n th l \V-fr quency cu ff fr u n /1 i gi n in 
term of h dr p D (percent) nd the pul - uration, ime T d by the approxiniat 
formula 

fi - 0.159 D 
--- ·--

In practice, one might adju t th pul ur ion until a droop of 2 p re nt i 
observed. "-'nen D = 25%, th l w-fr q n y cut ff a1 be al ul t d '"ith a 
formula hat i a little more accurate than he on gi en a 10v : 

f -.:... 0.0 56 
l -

Td 
(droop - 25%) 

HIGH-FREQUENCY RESPONSE 

The high-frequ ncy eh Yi or of th ir ui gov rn h :-.·ay ·n which he u put 

waveform r o d to an inpu' tep. m d l uitabl for hi h frequ nci s i 
som ;\'hat more c mplicat d than the low-frequency model we have ju t di -
cu d. The one u uall en is he eri -parallel ircui hown in igure 2.1 
The ource 1 a curr n tep who ma ni ud I i' u h tha IR = 1. The ratio m 
.mea ure th amoun of p king r, inver ly, th mount of m1 in . (I  1 
equal to he uar f th ircui Q a he re nant frequ n y of L and .) 

igure 3 how al ula €d output wav form for ri u value of m. � ote 
that the time i me ured in unit of -r c. 1 h \'\TD in �1i crur 3 ar he definitions 

of two parameter having to do 1vith he ircuit s s ep re ponse: he ov r hoot r 
and rise time tr. 
1 Valley and Wallma.n, l'acuum Tube Amplifi a, 1\1.I.T. Radiation Labor tory Serie11, No. 18, Bo ton Technical 
Publisher , Inc., Lexington, l\Ia.M., 1964. 

F"gure 2. High-frequency model. The 
source ·s a current step of magnitude I, 
and the circuit elements are In a series .. 

paralle conf guration. 

.. 

1� cl 
I 

o e0 

Tc• RC 
Tl.• L/R 
m • TL/Tc 

XC ·l 
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I 00°1.. +-----,.----/ 
9 0 •10 ----;--

fig1ure 3. Step response of The $eries-parallel high-freq,uency model of Figure 2. The time 
axis i's set off in units of Tc and the waveforms are functio,ns. only of m. The illustration i1n 

the low,er r1ighl corner shows how overshoot and r,isetime are def1ined. 

-3dB 
-5 

CUTOFF FRE UE 

-J0 '-------------�---1----�----------�----------_,._ ___ _, 0.01( T�) 
FRE LIENCY 

10 ('....!.\ 
•Cf"·' ,TC) 

f"gure 4. tUgh-frequency response ,of the series-parallel model of Figure 2:. These curves 
are the companions of those in Figure 3. The frequency axis is marked off i1n unib of 1/•ci 
and the shapes of the cu,rv,es, liilce the s,hapes of those in Fi,gu.re 3, depend only on m. 
The amount of peaking p (d'B) and 'the cutoff frequency fco are defined by the sketch in 

the upper 1r"ght corn,er. 
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Th corr sponding fr q ncy-respon e cur 
frequency i · ineasured in uni s of 1/Tc and 

e ar shown in Figure . Here the 
h hap · of h - urve i ag in a 

fun ti n only of m. 
Let u · look at a f la.tions for repre nta i e alue of rn. 

m = 0 

There it' no inductance , and hem 1 r duces to the s:iimple RC low-pa network. 

tr = 2.2 re, f _ 0.1G9 co -
Tc 

irfco = 0.3- (golden r 1 ) 

0 <m <0.25 

Now th r i . om.e inductance pre nt;. A m mcrea e , he ri time decreases and 
the high-fr qu ncy cutoff increa e 

m = O.� - (c!itical dam ing) 

This i the condition for h hortest ri e im with ut over 
c n do tter with a m re compli ·at d ' peaking ir ui "2). 

The golden rule survi v 

fco = 
0.225 

re 

t.-f co - 0.344 

.25 < m :s;0.50 

t (al hough one 

The ri' tim continues to deer a e and th cutoff fr.equ ncy con inue to in.ere e, 
but over ·hoot start' to build up and ·o d fr quency p aking . t m = 0.5 , 

0.2 ·6 fco - ---

lr fco = 0.32 

The gold n rule is s ill barely tarni hed. 

Ri tim continue 
duction of th pul · 

• ee Valley and Wallm�n, op. cit., p 75. 

m>0.5 

but ov r h ot becom 'ery larg and repro­
on quen ly p or. The u off frequen y con-

www.americanradiohistory.com

www.americanradiohistory.com


Nove m b er- D ece m b er 1968 

Table 1 

Characteristic quantities for the series-poraller 
lhig,h�frequency model 

r orinalized 
normaliz d ut ff rise-time-cu to IT- frequ ncy 

ri im. ov rho fr qucn v frequency pr duct p a.king 
m t,/rc r f�o • 'Tr tr • fco p 

0 2.20 03 0.159 0.350 0 dB 
0.07 2.03 0 0.172 0.349 0 

0.15 1.82 0 0 .. 1 92 0.349 0 

0.20 1.68 0 0.208 0.349 0 

0.25 1.53 0 0.225 0.344 0 

0 .. 35 1 .31 LO 0.258 0.335 0 

0.50 1.12 6.7 0.286 0.320 0.25 

0.70 1.01 1 6. 0.294 0.297 1.5 

l.O 0.940 30. 0.289 0.276 3.3 

2.0 0.865 68. 0.268 0.232 7.8 

5.0 0.825 1 48. 0.245 0.202 15. 

inu " o "n rea e un il m = 0.7 wher th ban wid h f th ircuit i. ma 

The fre 1u n · p akinu a ma.. imum bandwi i h i 1 . .5 . 11 H" lurg r valu 
th d 1 h ome a ' la i r ly hiO"h-Q r onant ·ir with fr qu n y p 

imum. 

of m, 

a king 

xc sive for a \\id -b n � d 

r lation di cu d abov ar c..bul ed as a fun ,10n of m 1n Tabl 1. 

AN ALTERNATIVE HIGH-FREQUENCY MODEL 

\V an gain som ·onfi , n in h m 1-l uil incr 1netho<l if we con1par th 
abo c r ul with ' ho for a diff0r n high-fr qu n d 1. h ri · cu m 

h wn in Figur , . Th b h vior of he s ri . mod 1 i . hown in Figur . () and 7 

and Table 2. 
Th r 'pon e I imil r to that f h en -par all l model. The improvern nt 

n ne rme and u ff fr quen wih lil r L mg m l::::i no a ,  mark d - th 

impro m n 1 1 p r n 1 a rn = 0.25 for xam_pl Th ·utoiI fr qu n y 
maximize a al w r alu of m than wi h th s rl -p ralle] m d I. ut ,h mo t 

4 
w. ,..,........,,. 

cl 
0 e. 

:=� R L 

I 'c =RC 
TL• L/R 
m = rl/'c 

Jt(.f;t..-6 

Figure 5. Another high-frequency model. The source In 
this circuit is a voltage step of unit magnitude and the 

circuit elemel'lts are· in series. 
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1.2 

1.0 
w C> 
<( 1-
.J 
0 
>oe 
I-
=> CL. 
I-
=> 
Oo.6 

o. 

0.2 

nt r 

m• 1.0 

' ' . 

Figure 6. Step response of ,he s eries high-frequency mode'I,. The improvement in rhe time 
with incl'eosing m is a little less than in the series-parallel model, but otherwise these 

curves are very $imilar to those of Figure 3. 

m .,,, 
I �-1<+ 
.J 

,___> 
CL. ::>-I 
I- a.. ::>;z o-

-2 

Figure 7. High-frequency response of the series model. 
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November-December 1968 

Table 2 
Characteristic quontiti'es for the series 

high-frequency model 

no malized 
normaliz d cutoff rise-ti me-cu to ff- fr qu n y 

ri i e overshoot fr quency fre u n y pr u t p aking 
m tr/T� r /co• Tc t,. •/co p 

0 2.20 0 3 0.159 0.350 0 dB 
0.07 2.04 0 0.171 0.349 0 
0. 15 1.87 0 0.186 0.348 0 
0.20 1.77 0 0.196 0.347 0 
0.25 1.68 0 0..205 0.344 0 
0.35 1.57 0.6 0.218 0.342 0 
0.50 1.52 4.3 0.225 0.342 0 
0.70 1.55 9.6 0.219 0.339 0.74 
1.0 1.64 16.3 0.202 0.33 1 2.49 

2.0 1.97 30.5 0.159 0 .. 3 13 7.118 
5.0 2.75 48.6 0.107 0.293 14.42 

impor , ant thin to no, 1c 1 that thi ircuit , obeys th gold n rule: the 

ri -tim ba dwid h pr d c t 0.:35 for small m. 

CASCADED STAGES 

a cad d ta with n ver hoot haY a ombined ri e tim that · approx1-

mat ly the root- um- quar of th in· ividu 1 rise tim 

This us ful r In.ti n al o allow one to calculate the eff of th m a unng 

n th ri e im . F r e.·ampl if a puls er n .rn. or and o cillo cop by 

h \ a ri im of 20 nan · n<l , and if when th y are u d to 

mea ur th ri im of a. d vi th r ul t i nan nd , th above elation 

g1v a ri e tim f 77.5 n nosecon for th vie it lf. 

Bear in mind tha th formula given abov appli', onl in a e f no ov r ·hoo . 

\ alJ y and Wallin n3 give th follo win cr rule, for ca ca.ded tage wi h v r hoot: 

" F  r ta h v·no- ry mall v r ho (1 or...., ) h ov r 'h o gro'VI.- · r m ly 

lowly or n t a all a h numb r f tag in r a e. . . . .  For ta.g h ing 

overshoots of about � to 1 % , h v r h t incr a. e approximaL a th qua.re 
r t of the n umber of ta , and the rise , im in rca · ub tantially le rapidly 

tha as the q uare root." 

I Op. cil., p 78. 
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CONCLUSIONS 

The low-fr quency cu off can be det r mine from the m a ur d amount of 

droop in the r spon. e to long pul · . Th pi· die ion of hicrh-frequ nc p rfor-

man el Ii l m mplica ed h au t' o c ' ha\ ob di incrui ·h . In 
th ov r ca (0 < m <0 ..... -) it i difficult o d termin 1n 

fr m an rm. Bu to note hat h utoff-

b .... p r n v r th ranO' rn = 0 

to m,= 

fr qu n , 

i� r a enable the pr di ion of cutoff 

from rise in th o v  rdamped r, gion is 

accurate n ugh f r ring purpo 
n th und r mp e (m >0. -), the cut ff-fr 

d p nd. up n rn. B t in hi a h am un f v r h 

with fair accur" cy, gi es a good e im tc f m. 
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THE 1340 PU1LSER 

Versatility and price make this the "best buy" of the 

general-purpose pulse generators. 

\ h n 

1 

\Yin ·trm nt ·1nprov , on 

f pr du s alrcad 

don , it at 
am time its pri e m 

c m ti ti n i mak s n w ". 
1. 40 J>uk a 
g n ral-u pul g n rator that off -� 
a otal c mbina ion f p rf rman and 
f nture hat i not urpa d v by 
high-pric d enerat r . 

0.2 Hz to 20 MHz 

R p tition p riod from 50 nano-

econd o 5 s cond, will i ter u r 

in field� from high- ·pc d cir ui 'e. ing 

to . ci. ·mologicul re· ur h. A ii gl p 11. 
for 011 • hot t st. can 11 riggPrf'd 
manually from a fron l-p� 1 el pu ·h­
hutton. 

Th I :3-10 also offer: 0ight de nd . 
of pul. -dumb n tim :::; , from :2;) nano­
;-::c ·ond · to 2 . .J .· conds. The ma.·i n um 
duty rL tio hat an l c• at ai1 d Yuri � 

from 7 to m·cr . .  ) perc nt, dc>pcn in T 

on the ·omhinati n of r .p iti n-r· c 
ran& ' and durali n-tim ran at 
LS rn use•. n a.·c f an inadvert nt .� t-

mg hat exc>f'eds th al l vabl lu t 
r ti a panel lump ft• �h .· to al< rt h 
op rat r that th u pu 
m.. not be tru-· w r h . In an v 

1 l 
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the [;]Experimenter 

h r i no ri k of a c �rcui overload if 

h duty-ra.ti limi i d 

Th r iti n and duration ontrol 
ac combin rang .·witching and c n­

inuou adj u tm_ n in :-in 1 ea�-y- o­

read dials. Th r petition i I read 

b th pr and p n d, al ng with th 
correct unit '. 

01 y ni n f tur 

is th ' F: iuar wav · p hC' 

pul duration ntr 1 .  In 
th ou put on. i t f -

pul r gardle . · of h 

t ting wi h th 

and impl , inc ther I. no ne r -

e th d ura ti n w h n h prf 1 

hanged. 

10-Volt Output, ± 1-Volt Offset 

B th po.·i iv and ne ativ puI e� 

are a,�ailahle imul an o ly a two 

1 w-r fi C'tion R 7 ® oa ·ial conn c-

ors. Ea h output i · a. hi h-imp n 

(abo Lt 1 k curr nt g n rator with 

maximum ·our urr n £ :..0 

"' nd a a tur ion volt g r than 

JO v l Fi£ -ohm or are 

witch d aero th u pu wh n r -

fl 

l 

p n n tly ad-

ju table bia · an b appli d t h 
·wo output.' to off , th puls up to 

± 1 vol (or ± 20 mA). The ff t 

f tur lirnina h n d for auxiliary 

equipm n 1 for x t n ur po 1-

tiv trigcrerin in of noi 

or mall bia i a fca ur hat will 

b of parti ular to th on-

12 

ern d with in rat d-circui testin . 

he 1340 

a uar wa 
puls tha i 

r 

an 
p r1 

I 
w 

, h nc pul e is 
o provid an ff ective 

u r w, v provid a 

prf i hang d 
not var . 3) By 
n :rg r 1 y l on 

n1z ·cop n -half 
of he pul. e. 

PPM, PDM, PAM 

Th p riod duration n rativ ampli-

ud nd p itiv ampli ude can each 

independ ntly b lin arl rnodulat d by 

x rnally appli n1 dula ·ng v ltag 

\ o tag b nd - 5 ol 

w p h p ri ura i n v r h 

d cad th 

wi ch 

vol and 

vary he f 

n g iv going pul 

10-vol r ng . 

r 'P, tiv ly, 

h po itiv 

s o r h 

134' ha othel· mode of lee-

tronic contr 1. \. atin inpu p rmit 

an . t rnal itch closur or po itiv -

going pul e o inhibi th 1 40 p riod 

n ra tor. a ti g h ill t r m an 

hat n1r ady underway 

i no b gating ignal. 

one alk abou m dufation , 
mote progr mming1 th 

n trol fca ur rn an 

of 

no rel circuitry follow 

tion . 

he 1340' · 

p ifica-
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SPEC FICATIO S 
PULse PERIO D (PRF) 
Inte rnal l y  Generated: ns t 
0.2 Hz) in d ad rang . 
bu ton on panel. 
External ly Co ntro led: 1 Hz to 2 :.\{Hz; 
on any waveform of >3 • pk-pk. I 

i ance appr . 1 kU. utput puls i 
b n ga · ve-going tran i ion. 1: · riod 
a ts as in pu trigg r-1 v I control in 
mode. 

OUTPUT -PULSE CH.ARA.CTER'IST ICS 

Durat i o n: 25 ns to 2.5 s in d cade rang , or 

unent 

Sou rce Res ist ance : 50 fl, r high (approx 1 kfl) 
for 50-Q loads. 
Distortio n: Pr shoot, ov r hoo , ringin , tc 
<0.5 (53 of max utput). 

D u t y  Ratio: uty r ti of r -o 0 an b 
btn.in d all rang s . c p d creasing t 

approx r.:03 a 50-ns period in 50-to-500-ns 
r ng . 

SYNCHRONIZING PULSE 

Wave fo rm: quare wav ga iv tr nit. n 
prec d. tar.t of output. pul by approx 35 ns; 
p iti tr nsition an b used for half-peri d 
pr trigg ring. 

Amplitude: 2.5- pk-pk p itiv 
hin 00-.. source imp dance. 

MODUl!.A.TION AND GA.TING 

Gat.ing: 
inhibi 
output; 

GENERAL 

uare wave 

line rl · 

l etw n 
p sit.iv -

by a.n 
alive-

Power Required : 100 to 125 or 2 0 t 250 V, 50 
to -WO Hz, 30 \Y. 
Accenories Su p plied: par fu , pow r cord. 

Acc·es s o r i ·e s  Av aila ble: -t-@ con:: ial om-
ponen , a t nu r t rmin lions, tees, tc. 
Mounting: Convertib1 Bench abin t. 

D i men sions (width X h e·i·ght X depth): Bench 
Y2 X 5% X t:) in. (22 X US X 33 mm); ra k, 

1 X }i X l 1 U in. (·J- 5 X 1 3- X 2 0 mm). 

Weiglht: et, . 74' lb ( .J.2 k ); h"pping, 1 lb 
(6.0 kg). 

a ta log 
. umber Description 

1 340 Pu l s e  G 1neralo r 
1340-9700 Bench Mount 
13-40-970 I Rack Mount 

Price 
in A 

$395.00 
417,00 

NOVEL VOLTAGE-VARIABLE SCHM.IIT CIRCUIT 

/ 
g n a1· r mak 

u v 1 ag -variabl 
ir u.it, b wn in Figur, 1. 

Qi a d Q2 ar 

n cte t form a 
vibrator. Th omm 

u pli d b RE flo 

QI r Q2 when th 

its t '0 t ble at 
Q2 

ar 

ondu 

off. n 

in 

'ch mi 

a. 
and Ql 

c ndi i n 

-h vol tag divid r Rf R and R3 
a oltag Eu a the ba f Q2. 

In r k p QJ and Q h fr 
bas v ltag ' must b in or n gative 

than Eu. 
Tran f r f conducti n o Ql occur 

wh n the input v lt g EIN on th a 
f QJ is rai d t a value lo t Eu 

which point Ql c m on n ugh o 

art th turn- ff f Q2. R n ra i e 

tran f r f conduclion o Ql r sults 
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and, with 1 n, th 
dri\· n 11 1' ' n gati v 
of· 

In rd r to tran, f 

ba k to 

14 

valu 

t 
urr 11 lil 

t.urn on. Th 
f 

i 11 ucti< n I.. 
and fc rlh h twc ·n 
BIN fir.·t ur 0 an 
Eu an th n d \Yn 

� 1 n.r EL. Th 

c •11--jt---�-----r.-

05 

ba.' of 
than .h 

r lh 

hif 

1 C.I 

2 I,. 
h· 

n 
u 

d ba k 

rI g r 
ad ·an-

• 

tl. 

Figure 1. Simplifi.ed schematic dia­
gram of the vol age-variable 
Schmitt circuit, part of' the l 340's 

period generator. 

f thi. C'H lll - r 

vibral .. 1 t u h 
I 

EL. 
·t al mo.� 

-� 5, 

a 
a 

l apacitor 

� wil h d n tant-
ur .·up pl Ing no urr nl \V 

and 2T wh 

\Vh n 
II an h 

n n. 
1 1 o n ,  l lh r 

urr n int -I; h 

Figure 2. Simplified schema ic of 
the com·plete period generalor. 
Volf·age control of' th·e period is 
achieved by varying Ei, which 

governs the •capacitor-volt­
age swing. 
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04 

c ·1H
1---------+-tl' 

Q5 

q ar 

INPUT 
1S 

of 
,� rying EL, 

o-pe k a1 1 li 
vol tacr - . 

wav 1 

0 

ri d l"' 

1 0.3 

N ovembe r- D ecember 1968 

Figure 3. The pulse-duration gen­
erator, simplif"ed. The confr,ol 
voltage, Et determines how long 

the circuit stays In its 
unstable state. 

t.. th<' p ak-to-p ak ,'\\·ing f h eupa i­

t..or \·olt o-

bl 

r h (Y nerator u.' th 
m he 

.·h \\-n Ill 
5 i-· agui a 

n h a-
2 hol I, Q4 n 

ngg r, 

h lll11 ff 

on t n 

and h 

n ga iv 

Q4 turn.· off with Qf2. The 

urrent ,' ourc now ·harg 
a1 a ·i vollarr rt. a 

limb. \Yh nit r u.ch EL the 

Figure 4. Sim plified diagram of the 
positive-pulse output circuit. Tlie two 
stages following Q 1 are nonsafurat­
ing, so that Ee controls the amplitudG 

,of the output pulse. 
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16 

th !;!Exp ri m 

t 

nt r 

th . tab l  

f th 

a 

QJ-olI 
utpu 

plitud 

he. ngc- on th iming a­

i. · lin .arl .,. pro-

1 \" lt A'L. 
output cir uit f r th p ·· tiY 

pul · i.·· ·hown in Ficrur 

The fir· tran i. t r Ql i n rmul l. • 

atur· cl � nd is turn d r b_. the input 

pul . 'l'h amplitud f th p a 
h c 11 ctor of l i ·hun l y ad-

j u ·tincr th . .·uppl r vol a e Ee of hi · 

tage. Q2 i · a non.�atura .ing amplifi r 
that prodd ::.; currC'n gain t dri \'e h 

ou pu tao- . Th ca · d (ground d-

driving r un ) outpu 

al non tura ing and ha. a 
v ry fa·· ri '(' tirnc-. rd r o handl 

h hirrh on pu curr n and .Y<' main­

tain hicrh wi bing ·pe d, Q3 and Q4 
r a h a pair f p· rallel tran,·i ·tor.·. 

All th amplifi r UIT fol l mvin Q 1 ar 

non�·a. uratinu . o tha. th ou put n.rnpli­

tud i' pr p rtional to th control 

voltng . Ee. Thi. allov• ,-olta control 

of pul e ampl itu 
Th ne ativ -pul e a mplifi r ·ircuit 

am a· h positiv nmplifi r 

· p th t n er ·iv . upply 'Tol tag · 

ompl · ran�i or type r 
- J. I . killing 

IMPROVED DECADE RESISTORS 

6 6 6 6 6 

. . ... 

T h e  GR l i n e  of precisi o n  decade resistors has a n ew l o o k, better performance "u n der t h e  ho od," 
and a new type n u mber. 

l'cneral Radio decad re i or. hav 

be n «on:-:tan ly improv d , ·inc th v 

were fir�t. intn duC'C'd in 1. 17. ft n 

th ·1� chang s curr d a.· n w tech-

niq n � I rn ilted bv out-
ward app a.ranee chc no- r n w typ -

nun h r cl ti n .·. A r \ · i \V of p u l -
li h d � p ion , h w ,. r w tl 

r veal the 

hav tak n 
, p aran 

te 

plac 

nd p 

ten b ter in r 

i i n 1-±32 l i  

th 1 :3 .. Impr 

impro ements thn. 

::\Io t re n tly l oth 

rformanc have got­

gni ti on of w hi h th0 

ha· b n r nam d 

v m nt r pre ent c... 

by hi n w n umber includ 
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In-line digital readout; reading rror 

are far 1 lik ly. 
1\'.Iod 1. \ ·ith fr m four v n dials 

give r quir d r ·olution. 
All in d J � ru k n1oun ta bl 

0t.t r accura y ± . % two-year 
·ura. •y for hicrh valu . .  

''Ov r-all a-, w 11 a 'in rem n , l '' 
a ura y p cifi a i n nmv gi n. 

Be t r ac performanc a hicrh r -
sistan , ow1 gt r u d tray ca a. ·i­

an 
R ar-pa.n 1 t rminals for y t in in­

tallation. 

"Over-all" accuracy versus 

'''incremental" accuracy 

Hi ri ·ally, ' R ha 
accuracy of a h 
a d a box rath r 
total r i tan . Thi prac ti 
fl cted the f ct th ach 
indi idually adju ted . \V 

pecification "accura y f 

r -

incr men '' b cau th in 
valu b \Yeen any two position of 
th same switch ha th am a curacy 
a a r i tor n that ,v·t h. l(nowl dg 
of h in ·r m tal ac ura y is n d �d 
in many u. e , and we ar not aban on­
ing i · but n1or f n th ab olut 
ace urucy of any gi v n s t]ng of th 
b x - th ov •r-all '' ac ura y - i de--

ired. 
f all h re i tor m a box had 

the m ac uracy pecifica ion, any 
cornbination of h m \vould have hi 

m p cification. L wcr-valu 
·i t r. , h w v r, canno be adj u 

a a ily and g ner· 11 are not a 
stubl a' high r-vulue r istor .. o our 
over-all pe ifi ti n has two rn : 

�·�- ± (0.023 + 2 rnQ). 
singl oY r-aH pe •ification i in­

tended to apply t any and all po ·ible 

November-Dece m ber 1968 

tting of he d cade box, but there 
ar obviou ly ju t too many to p rmit 
t ting v r on . In, ad, w adjust 
the l w r-value unit o n1u h · igh r 

ol ran than h publi h d ± 2 mn, 
an te-t h a · '  mbl d b x a care­
f lly l ·tcd valu with limit ub­

tantially · o r han the catalog p -
cifi •ation ·. To ·ub 'ta tiate th validi y 

f hi m thod, 300 box w r "made ' 
on a mput r under Lh a. ump ·i n of 

a v ry poor tol ran e dii:;tributi n. 
Th · w r fir t ·omputer "te"t d" 
ag · in.·t our I b ra r sp cifications 
and h n omput r "1n a ur d" at 
every s tting. -o box th t pa· d the 

im ula t lal or tory t .• n·a in rror 

by mor than 9/10 of th catalog 
p ·ificati n at any ting. 

u h ling wh th r r al or imu-

lated, h' ·k · only th initial t l ranee 
of h d ad b x_ 01 fid u in th 
wo-y ar accurac of R 1-1-:33 I 

a ·ur d by . tabili v re ord of the r -
ist r and by the use f x ptionally 

good wit h 

Switches 

D cad b . a curacy d pend· on tlie 
re i �tor. and on the witch h 

o r-all ·pecification, wit h re i tan ·e 
plays a par i ·ularly importa1 p .. rt. 

ommercial rotar . w1 he with oli -
ilv r conlactn u -·h as we u in m y 

in rum ·nt. 1 can vary 1 Inillioh1n or 
mor 111 n ac re. istanc . bviou �ty, 
a fi' -d ad� hox can di ·play a ari­
ation of 5 milliohn1s or n1or , which 
\ oulJ hav to b a· oun d f r in 
he :p ·ificn. ion. Th G R-d . -i rned and 

manufactur d ,·wi che in our Type 
1433 d cade boxe · haY a low and ery 
r p atabl' ·ontact r i ·tan e. riticul 
contacts (on lov,:er decades and z •ro 

ttings) use n1ul iple-leaf wipers 
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thei;:E p ri m e n t  r 

T h e  u s e  of m u l ti - l e af w i p ers o.n s i l ver- o v e r h 1 id 
s t u d s  a s s u re s  a c o nt ac t  res. stan c e  t h a t  v a ri es by 

l ess l h an 1 00 mi cro h m s .  

against silver-ov r l  i d  stud ( e p hot ) . 
As a r u l t, con tac r ·i ance change 
by n more than l 0 microhm a 
hence ha b ·light ff c he 

p cifi cati n .  u r  I · 

the 1 -13-1 u · 

dou b l  
rn Q  O V  

Resistors 

F r a im n ional tab ility the 
1-ohm. through 1 0-kilob m unit ' r 
no r v und on ceramic ra her han 
fib r- la · '  or mic b for . 
\Vhile the 1 00-kiloh m n 1  are u -
changed , h 1 - m  goh m u n i  · ar n ow 
wound on b o  bin '.  

r '"ear , we v he that flat, 
incrl lay r card r i �tor a re f · r u-

1n u l ti-lay r b bbin typ ·, 

r hav inuch high r inducta n ce 

and shu n t  capaci ance t d gra e 
th ir performan ce in a op ra ion . In-
d d w · ill f hi i tru , b u t  only 
for in :rl ·Th n 1 -m goh m 
card ar og her in a dee de 

b ox ,  the capacitan ces betwe n cards 
and from th card t th b ox become 
th main cau of r due d ac p rfor­
m n ee . The e capacitances ar l ower 

hen b obbins ar u d, a d h ac 
perform n e is be t r in pite of th 
h igher individual hunt capacitance. 

1e have n o\ \V Um: our p rid n d  
l arned o wind p re i · n b obbin re-

i t r , for, i es bein b tter for 

d ca b o, e , th y re a lot l ostly 

to rnak and ctually permit l ower 
p rices some decade 

Sepa ra te Decades 

T e i p r  v d accuracy of the 1 433's 
i avail ·  bl  in th i ndividu 1 Type 5 1 0  

cade , w hi  · h  a r  1 para ly . 
,h un it r i al for a sem b ly in to 

p ro u tion- t in rum nt , b ridges, 
and oth r ·p ri m n al r permanen t 

re on ly on or wo 
d .  The 5 O' ar o m­

hi ld d b h mechan ically and 
ri all. , by an alumi n u m  hou ing, 

and a kn b and dial p late are sup p lied 
with ea h u it.  

mance in 

a re d · fficult to 
but it i our in­
t he 1 433 perf r­

bel w a 
p o  . ·ible.  

rms 've 
them. i giv n in 

Exp rim nt r ,  and 
, n ac p rf orrn. nee 

given in h ins ru ion h et. 
- H .  p .  1-IALL 

A b rief biography of I r. Hall appeared i 
th J une, 19 Experiment.er. 

Ack n ow l e dg e m e n t  

r .  al er J.  B a  a· i r i re. pon ible for 
improvemen in the re i · r th t have ma.de 
po ible Lhe new, tighter pecificatioo.s . 
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N o v e m ber-Dece m b e r  1968 

S P EC I F I C A T I O N S  

L o n g  -Term A cc u r acy : 
applies to the tol r· n · 

r istanc 
tting a nd at th 
ica d va lue ±( 

Incremental A c c uracy : ee table .  Thi i the a -

curac r of the chang i n  r· istan be w en a y 
two e tings o n  the sarn dial .  

M ax Cu rrent :  h m a x  curr nt f r a.ch d cade 
is given in the able below and also appear: on 
the panel of each decade box and o n  h dial 
pla f ach decade re i tan ·e unit. 

1 0  

5 

.. 0 

er -

5 

K 
I kHz 2 5 

1Mn 5oo �n 

10 KHZ 20 50 

Typi c al V alv es o f  R0,  L0, and C f o r  t h e  D e c ad e  
R e s i s t o rs :  

E q u i, v a l1e nt· cir c u i t  o f  a r e sistance d e c ad e, s. h ow i ng 
l o c a ti o n  and nature o f  r e·sid u all i m p ed anc e s  .. 

Z e ro Resiuance (R ,,) : 0.0 1 Q p0r dial at de ; 
0.0 4 n per dial u 1 . 1 z ;  pr porti nal to squ r 
root of fr qu ncy at, nil frequencic a.bov 1 0  
k H z .  

Zero I nd u ct ance (L,, )' : . t µ T I  per dial + 0.2 
µH .  

Effective Sh u nt Capacitance (C) : This valu is 
tcrmin cl hrgely by the highest decade i n  

u . \\11 t,h t h  I O \v t. rminal conn c ed to the 
hield , a value of 1 5  t 1 0  p F  p r decad may 

b a um d, counting d ·u c down fro m the 
high hus if the hir decade fro m he top 
is tl hi he resi tanc d cad � in circuit ( i .e . ,  

t at zero ) ,  the hunting terminal en.pa. i ­
· s  15 o :rn p F .  I f  h e  high t deca l e  i n  
embly is i n  u e ,  the effective ca.pa it n.nc 

i 1 5  to 10  p F, r gardle s of the s tting of the 
1 w r-resistaucc decades. 

IOCl<Hz 200 5 

0.01 fl S T EPS 

2 5 IOhlHz 
fRE l.E:NCY 

M aximum per cento g e  c h ange 'i n  s eries r e s i s tance as a · f u ncti o n  of freq uency for T ype 5 10 
D e c ad e - Re s i s t ance Uni t s .  

1 9  
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the[;] Experi e t r 

S P  E C I  F C A.  T I 0 N S  '( co nt in ued)  

Temperatur Coeffldent o f  Res istance:  Less than 
± 10 ppm p r degre C for value ab v 100 
Q an < ±20 ppm r er degr for 100 ' . · nd 
b low, at room tern p rn. tu re . l:i or the 1 ·t:3:3 
the bo · wiring will · n  reas th v r-all m­
p ra ur ffi j nt f th 0. 1 - nd 0 .  l -n 
dee d s. 

Type 1 433 Decade Resistors 

atatog , 'umber hms 
per 1 o .  of Typ 5 1 0  D cade 

Bench Rark 1.'yp Total Oh m.� 'lep Dial · s d 
1 433-9700 1 433-9701 1 43 3 - U 1 1 1. 1  0.0 1 4 AA, A, B, C 
1 433-9702 1 433-9703 1 43 3 - K 1 1 1  I 0 . 1  .4 A, B, C, 0 
1 433-9704 1 433-9705 1 43 3 - J  1 1 ,1 1 0 1 4 B, C, D, E 
1433-9706 1 433-9707 1 4 3 3 - L  1 1 1 , 1 00 1 0  4 C, D, E, F 
1433-9708 1433-9709 1 43 3 - Q 1 , 1 1 1 ,000 1 00 4 D, E, F, G 

1 433-97 1 0  1 433-97 1 1 1 43 3 - T  1 1 1 1 . 1  0.0 1 5 AA, A, B, C, D 
1 433-97 1 2 1 433-97 1 3  1 4 3 3 - N  1 1 , l 1 1  0. 1 5 A, B, C, D ,  E 
1 433-97 1 4  1 433-97 1 5 1 43 3 - M 1 1 1 , 1 10 1 5 B, C, D, E, F 
1433-97 1 6  1 433-97 1 7  1 43 3 - P  1 , 1 1 1 , 1 00 1 0  5 C, D, E, f, G 
' 433-97 1 8  1433-97 1 9  1 43 3 - Y  1 1 , 1 1 1 ,000 100 5 D, E, F, G, H 

1 433-9720 1 433-97 2 1  1 43 3 - W 1 1 , 1 1 1 . 1  0.0 1 6 AA, A, B, C, D ,  E 

1 433-972 2  1 433-9723 1 4 3 3 - X  1 1 1 ,  1 1 1  0. 1 6 A,. B, C ,  D, E, F 
1 4.J J -972 4  1 433-9725 1 4 3 3 - B  1 ,  1 1 1 , 1 1 0 1 6 B, C, 0, E, F, G 
1 433-9726 1 433-972 8  1 43 3 - Z  1 1 , 1 1 1 , 1 00 1 0  6 C, D, E, f, G, H 

Price in 

Bench 

$ 1 20.00 
11 22 . 00 
11 2 5 .00 
1 '.2 0  .00 
, 5 4 . 00 

1 46 . 50 
1 44 .00 
1 47 . 5 0  
1 82 . 5 0  
247.50 

1 6 8 . 5 0  
1 66 . 50 
2 1 0 . 00 
276 .00 

1433-9729 1 433-9730 1 43 3 - F  1 1  l ,  1 1 1 . 1 0.0 1 7 AA, A, B, C, D, E, F 1 9 1 . 00 

1433-973 1 1 433-9732 4 3 3 - G  1 r 1 1  , I 1 1 1 0. 1 7 A, B, C, D, E, F, G 229.00 

1 433-9733 433-9734 1, 43 3 - H 1 1 , 1 1 1 , 1 1 0  1 7 B, C, ID, E, F, G, H 303 .50 

Type 5 1  0 Decade- Resista.nce Units 

Total . le  uracy of J l a  Power 
Cata.log Re ·i tance n . i.�lance urr nt Per lep �L * *  L ,, 

Number Type Jun fncrem,ent 40° Ris T Vatt µ.H pF µ II 
05 10-9806 5 0- A A  0. 0.0 1 ± 23 4 A 0. 1 6  0.0 1 7.7- 4.5 0.023 

05 1 0-9701 5 1 0  A 1 0 . 1  ± 0.43 1 .6 A 0.2 5 0.0 1 4 7.7- 4.5 0.023 

05 1 0-9702 5 1 0- B  1 0  1 ± 0. 1 % 800 m A  0.6 0.056 7.7- 4.5 0.023 
05 1 0-9703 5 1 D - C  100 1 0  ± 0.043 250 m A  0.6 o.n 7.7-4.5 0.023 
05 10-9704 5 1 0 - D  1 000 1 00 ± 0.023 BO mA 0.6 0.29 7.7- 4.5 0.023 1 
05 10-9705 5 1 0- E  10,000 1 000 ±0.023 23 m A  0 . 5  1 3  7.7- 4.5 0.023 
0 5 1 0-9706 5 1 0 - F  1 00,000 1 0,000 ± 0.023 7 m A  0.5 1 70 7..7- 4.5 0.023 

0 5 1 0 -9707 5 1 0 -G 1 ,000,000 1 00,000 ±0.023 2.3 m A  0.5 7.7-4.5 0.023 

05 1 0-9708 I 5 1 0 - H  1 0,000,000 1,000,000 ±0 .. 023 O.T " m A  0.5 7.5-4.5 0.023 

05 1 0-9604 5 1 0- P 4  Switch only ( B l o c k  Phenolic Fra me) 
0 5 1 0-95 1 1  5 1 0 - P4L Switch o n ly ( Low- Loss Phenolic frame) 

i 
Rad· 

$ 1 2 8 .00 
1 30 .00 
1 3 3 . 0 0  
1 2 8 .0 0  
1 6 2 . 00 

1 54 . 5 0  
1 52 .00 
1 5 5 . 510 
1 90 . 5 D  
2 5 5  

1 76 . :.  ... 
1 74 . 5 0  
2 1 8 .00 
2 8 4 .00 

1 99 .0D 
237.00 
3 1 1 . 50 

Prfre 
in .ti 

$23 . 00 
1 7  . .5 0  

2 6 . 0 0  
2 1 . 00 
2 5 .10 0  
2 0 . 5 0  
2 1 . 0 0  
6 1 .00 
9 2 . 00 
1 1 .00 
11 2 .00 

* O r a. m a.x  or 4000 V, pk . 
•• The 1 rg r capaci ta.nc occu r  at the hi�he t tting of the decade. Th values giv n a.r for uni t without. the shield cant. 
pla.oe. With the hie! can in pl c , th hu nt pacit nc i from 0 t.o 2 pF grea. er than indica d here, depend.in on whether 
the bield ie tied to the ' i.tch or to the z. ro nd of t e d ca e. 
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N o ve m b e r-Dece m b e r  1966 

T h e  1 2 1 8- BV l o c k a b l e  m icro w e1 v e  o s c i l l ator. 

POPU AR U H F  OSC I LLATOR NOW LOC KAB E 

900 to 2000 MHz 
Th 1 2 1  cilla o r  h a  

b i n  many lab ra 
i ' high u tp ut pow •r and i 
p urity. _ w 
mod--1 mean 
to an b a hicv d by 
c n rol l p n d  r f 

u rc . 

Ion 
, f r 

Th an b pha l c k  
t o  a t n of th m fr 
qu n y or a harmoni f the r f r-

n ' gnal . b ol u te tn.b ' l ity f the 

1 2 1  -R n1ay b 1 ' -,' im portan h n 
the tabili  .y of a cliff r n fr q u  n cy .  
l n  h t r dyne th 1 .2 1  -B\ 1 

u. ed a the local rack 
all c hang in uen y .  

hl wa h i n t  rm d ia frequency 
is hel within the detector p band. 

A d on r l vol tu.g of ± .oJ•3 v will 
r ul in a freq u n cy change typi l ly 

gr ater han =F 2  _ I I z .  ' t  p-r p n e 

im i t 'picully un r 1 micro · cond.  
i n  t h  l � l  -A 

m , H z  an 
r a ·  well p rf rm · n c  

h . amc a ·  i t .  p r  or. 
1� - B \  c n b u d with any 

of h rc G p \\·er uppli · :  264-B 
.:\I od u lating P ow r upply 1 263- A m-

l i  ude- egulating P w r 1 upply, or 
1267-B R u l ·  d P ower upply .  Th 

iUator i '  il., I pa rat ly r in 
mbination wi h any of th ab ve 

p ower up pli for b nch or r lay-r k 
moun ting. 

2 1  
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the!;] Exp 

500 
(I) 400 I-
I-<( 
� 300 
_J � 
::. ' 200 Q; .... 
� •so Q_ 
I-:::> 100 a.. 
I-:::> 80 0 

0.9 1 .0 1.5 
FRE UENCY - GHZ 

2.0 
111 ·» 

1 2 l 8- BV pow er output into 50 o h m s ,  

S P E C I F I C A T I O N S  

F req u e n cy Ra n g e : 90 to 2000 :'.\IHz.  
F requency Ca il l bralio n A c c u racy : ± l � . 
Warm u p  Freq uency D r i ft :  0 . 1 c� to al drift, ypi­
cal. 
F requency Co n tro l :  , 1-in . d iul m 

1 Hz ov r 2� 0 ( 1 0 1  2-i.n.  al 
0-<livi ion l g ing seal . ' lov· 

of abou turns . 
..lf Co n tro l ( I n ter.no I ) :  > ± 2  :\I Hz by Ys turn 

f front-panel knob. 
P o w e r - L e v e l  P u l l i n g.  ( b� ..lF contr 1 ) :  < ± 
dB for :1:: 2- � ! H z  ..lF. 

F Con tro l ( R em o t e ) : By de vol ta e applied a 
front or rear jack 
Freq u e n c y : > 4 :\{Hz total runge f r 5 -'; 

hang . 

Vo l t a g e :.  Typi · l us ful range ± 2.5 ' ; ..l F  
contr I t c nter alue fr m + 10 t - 2  

. P i ti v  -g1 i ng v ltage 'tLLl c frequency 
deer ppli d vol a � ± - o  \ max:. 
l n.terfac C h a ra c t erist i c : Equi val nt 10 kn, 
1 50 I l· , and - 1 .. m. \. cu rrcn in 
pa.rail l acr t rm i n u ls, on of 
gr u nded . Ext ourc hould ha.v 
int impeda.nc ; r a.y be c coupled. 
S t e p - R e spo n se l i im e :  < l µ , typi aJ . 

O u t p u t  Powe r ( into 50 �2) : > 1 m'V 
Hz ; drc p line· rly to > 1 1 0 m \V t 2.0 

O utpu t  Con n,ecto r :  Lo king C� R 7 -1 1 
at r ar p ·  n l .  Adaptors vail n.bl 
conn c r rpe . 
L e v e l  Co n t ro l : Full outpu a 1 t 20-dB at­
tenuation set y uncali brated frontrpan l 
control. 

M o d ulation : A I N P  T j. k at front p nel 
for t rnal audio-frequ ncy plate modulation : 
approx : 0 rms in ' kn r quire for 30 0 

mpli ude modul a.tion . G R  l '.3 1 1 ' udi s-
cil la 0 1  m nd d o.s modu l a.t r.  

r gul · ted power 
1 po.r l or i n  

r upply for rack or 

Power u p y is 

d opera ion 
uare-wave or xternal 

M o u n·l i n g : ni c binet can b mounted 'l'i-ith 
a p w r uppl in i ngle nch embly or 
can b ra k rnoun d alon or with power supply 
by u c of · ppropriate ruck n.dap r. 

Acceuor i es S u p p l ied : 2- and 3-contacl.i phone 
pl ugs f r mo · ul ation and frequenc '-Co tr l 
input . 

Acces·sories A va i l a b le :  ' 
an a aptor . 

.,l,li} coaxi l elemen s 

D i m e n s; " o n s  ( w i d th X h e i g h t  X d ep t h) : ench, 
12 x 7% x c i n . (30 x I 5 2 0 mm) ;  rack 
(wi t h 1 1  '7 power ur. pl;.. ) ,  1 .  x 7 �  i n. (4 5 

l ' x 1 5 m m ), 1 2'": or 1 2  p \ r upply 
ad in.  to r::wk h igh . 

W ·e i g1 h ,t  (Jc� po\ er upply ) :  ct, 1-! l b  (6.5 kg ) ;  
shipping, ,.,5 lb ( 1 1 . 5 kg ) .  

at.a.log 
.i umber D scription 

Price 
in 

1 2 1 B -972 4 

B e n c h  

1 2 1 8 - 9 90 1  

1 2 1 8 - 9903 

1 2 1 S - 990j 

R a c k  

11 2 1 8 -9 90 2  

1 2 1 8 -9904 

1 2 1 8 - 9906 

1 2 18- B V  L o c k a b l e  O s d l l C"Jfor 

O s c i l l a t o r/ P o w e r- S u p p l y  C o m lbl n a t i o n s  

1 2 1 8 - BV with 1 2 6 3 - C  A m p litud1e - R e g u 'l aling Power Supply 
1 2 1 8 - BV with 1 26 4 - 6  Mod u l ating Power Su pp ly 
1 2 1 8 -BV with 1 267 · B  R gul oted Power Su p p ly 

$825.00 

B e n c h  
$ 1 375 . 00 

1240 .. 00 
1020.00 

'R a c k  

$ 1 404 . 0 0  
M 269.00 
1046 .00 
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N o v e m b e r- D e e .e m b e r  1968 

W 8 M T3 

W 8 M T3 V M  

N EW 
FAMI LY O F  

OF T E VARIAC ® 
AUTOTRA SFORMERS 

MEMBERS 
ADJ USTAB LE 

Th 'I 
PtlJ U )D , 
mo.· 

a '  Ull l  " 
nd p h w  an 

both ·id 

up r· 
B cau 

met 1 contac t 

auto ran f rmer 

. m-

h 

m� ny nv 
n w  n R ·  di 

and \Y l\IT3 � I  ar 

lin , a d u· 1 
I · m u l tiple 

ad p rot ct r, 
\\' � T:f '\  I 

indi at 

ti  .. h 

o ran -

nun 1-

r tr k� p r  

rface, the e 

can tolera· e 

be 

1 u -
ariac 

l rge 

m m n l  r ' O \' rload , withou amage 
1 d bu,· a c m f  rb.I l n ur in-of­

m n ormal op r ti n at r ted 

W 8 M T3V M circ u U .  T h e  W B M TJ i s  t h e  s a m e  e x c ept 
t h at It  h a s  n o  m eter. 

s C I F I C A T I O 
I P UT 
V o l t a g e :  1 20 V.  
Fre qu ency ; 50 to 60 z .  
O U TPUT 
Vo lta g e : 0 to 1 ..f- V.  

s 

R a ted Cu rren t :  l .\ ; ui  · •  I n t HOO W at 
max output v <  l tage. 
M eter ( in \Y �l T:nr :\1 onb• ) :  0 to 1 50 V . 
.No - Lo a d  L o s s : 1 2  \\' a. lO H z .  
D r i v i n g  To rq u e :  1 0  t 20 u nce-inch s .  
R e p l a c e m e n t  Brush : T Y PE ' B  2 .  
W e ig h t :  

' , l lb (-l .  · kg) ;  shipping, 2Q lb (9 .5 
kg).  

atalog Price 
Number Description in. U  A 
3038-5 1 1 9 W 8 M T 3  Vari a c  .. a u t o -

tra n s form er $ 38.00 
3038-50 1 5  W B M T3 V M Vari a cl!l 

a u to tr a n s f o r m er (metered 68.50 
3200-5 900 VB2. R e p l a c e m e n t  Br u s h  1 . 00• 

2 3  
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G E N E R A  R A D I O  C O  P A  V 
W E S T C O N C O R D ,  M A S S A C H U S E T T S  0 1'  7 8 1  

6 1 7  3 69 - 4400 

SALES A D SERV I C E 

Ar�;a 

A l b u q u e rq ue 

A t l a nta 

· sosto n 

B n d ge port 

• C h ic a go 

C l evel a n d  

Cocoa Beac h 

• Da l l a s  

Dayton 

De nver 

Detroit  

H o u ston 

H u n tsv i l l e 

I n d 1a n a po l 1 s  

L o s  A n g e l e s  

M o n t r e a l  

ew H av e n  

• N e w  York 

Ottawa 

P h 1l a d e l p h 1a 

Sa n Diego 

Sa n Fra nci sco 

Se a t t l e  

Sy r a c u se 

Telep hone 

50 5 2 5 5 - 0 6 1 1 

4 0 4  6 3 3 - 6 1 8 3 

6 1 7  646- 0 5 50 

2 0 3  3 7 7 - 0 1 6 5 

3 1 2  9 9 2 - 0800 

2 1 6  886-0 1 5 0 

800 2 4 1 - 5 1 2 2 

2 1 4  M E7 - 2 2 40 

5 1 3  4 3 4 - 6 9 7 9  

3 0 3  4 4 7 - 9 2 2 5  

3 1 3  2 6 1 - 1 7 50 

7 1 3  6 2 2 - 7 00 7  

800 2 4 1 - 5 1 2 2 

3 1 7  6 3 6 - 3 9 0 7  

2 1 3  4 69 - 62 0 1 

5 1 4  7 3 7 - 3 6 7 3  

2 0 3  3 7 7 - 0 1 6 5 

( N Y) 2 1 2  964- 2 7 2 2  

( N J )  2 0 1 943 - 3 1 40 

6 1 3  2 3 3 - 4 2 3 7  

•T o ro n t o  

•wa s h i n gton/ B a l t 1 m ore 

2 1 5  6 4 6-8030 

7 1 4 2 3 2 - 2 7 2 7  

4 1 5  948-82 3 3  

2 0 6  GL4- 7 54 5  

3 1 5  4 5 4 - 9 3 2 3  

4 1 6  2 4 7 - 2 1 7 1  

3 0 1  9 4 6- 1 600 

• R e pa i r  s e rvices a re a va i l a b l e  a t  t h ese off i c e s .  

G E N E R A L  R A D I O C O M P A N Y  ( O V E R S E A S )  

C H  9 <? :3 4  Z u ri c h  3 4 ,  S w ltze rl a n d  

G E N E 1R A L  R A D I O  G M B H  
O S  M U n c h e n  e o ,  W e s t G e rm a n y  

G E N E R A L  R A D I O  C O M P A N Y  ( U . K . )  'L I M I T E D  
B o u rn e  E n d  B u c k i n g h a m s h i re ,  E n g l a n d  

R E P R E S E N TAT I V E S I N  P R I N C ,I P A 'L  

O V E R S E A S  C O U N T R I E S  
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