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Anyone who has balanced an im
pedanc brido- ha pr bably experi
enc d th fru ·tration of trying to 

mea ure a n  imp clan e outsid th 

range of the available bri dge. T he 
loss sin he unknO\ n may be too great, 

it impedance too high or too l ow; 
whatever the r ason, the null balance 
cannot be obtain d .  Combininr.r the un

known with anoth r im p dan . ele

ment may he th olution; om t im ,
· 

another in. t rumen t i available; but as 
often a. not h m a urernen t  i aban

doned withou any u eful information 

being obtain cl. 
The new Type 1603-A Z-Y Bridge 

po es · the almo. t 111believable char
act ri tic that i t  can be balanced for any 
impedance con n e  ted o it terminals . 

F igure 1. Panel  v i e w  of the Type 1 603-A Z-Y 
Bridge. 

From short cir uit to open circuit ,  renl 

or imao-inary, positive or negative, a 
bridge balance can be obtained wi h 

ea e. Clearly, high accura y cannot be 

maintained over an infinite range. 

N everthele s good accuracy i ob
tained over a ver vvid rang and ven 

in the range approa •hing zero im
pedance or zero admi ance, the ability 

o get an answer of any kind i oft n 
v ry valuable. 

The cu tomary typ , of impedance 

bridges Maxwell, I-lay, Schering t ., 
evaluate more or less directly, th in
ductance or capacitance of an unknown 
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circuit element together with it r -

i tan , Q, or di ipation fac or. De

termination of the orre ponding re

a tance or sus eptan · v lue of th 

unknown then require a computation 
in term of the angular fr qu n y w. 

Th new bridg i de ign d for h 

audio-fr qu ncy range nomin lly from 

20 cycles to 20 kilocycle . It measure 

dir ctly the quadratur ·omponent. of 

a omplex imp dan Z = R + jX, or 

a com pl x admittance Y = G + jB. 

The unknown Z or Y may lie in 

any of the four quadran f h om
plex plane inc thi bridge an m ur 

both po itive and negative value of R 
and G a w U a X and B. 

The basic ir uit i the familiar 
resi tance-capaci anc ridg bu i 
u "" here in a mann r whi h i b -

lieved to repre nt an entirely n w 
approa h to the impedan e measure
ment problem a audi fre uenci · .  

It bear however a family re m Lan 
o th radio-frequ ncy bridge de cribed 

by Sinclair.1 •2 

Theory of the Bridge Network 

The Z-Y bridg employ a ubsti u

tion technique whereby an initial bal
anc , without the unknown lem nt, i 

foll wed by final balan with the un

known in circuit. The difference in 
e ing of the controls betv.r n the 

two balan · m a ure th ompl 

c mpon nt f the unknown. Bri ge 

balanc i a ain d by the adju tmen 
of a pair of resi ive el�m nt , on in 
each of t o op po ·it bridge arm . 

Figur 2 how · th ba ic ridg net
w rk in which th bala1 i1 g control · 

ar h rh o ta · RP alibrat d in 

l inclair, D. 13., "A Radio-Frequency Bridge for fm
pedance lVleasurements fr m 400 IG.locycle to 60 lVIega
cycl s," Proc. IRE, Vo!. 2 , p. 4 7, ovcmber, 1940. 
� • inclair, . B., " New R- Bridge for at Fre
quencies up to 60 Mega ycle , " General Radio Experi
m.enler. Vol. X II, No. 3, August, 1042. 

F i gure 2. Basic bridge 
network. 

T 

ohm of re i tan ·e, and Ga, calibrat d 
in mho of conductance. If Rp1 and Ga1 
are h ir initial balan valu the 
equation f r hi preliminar balan e 
ar : 

RP t n = Rb a ( 1) 
Ga1RbC p = � (2) 

It will be e n that thi initial balan 
i ind pend n of frequ n y and, fur
therm re, will have no slidin · zero, 

in e nei h r of he balan ing ontrol 
c ur in bo h qua 10n . 

For mea urincr it imp dan th un
known (Z = Rx + jX x) i in er ed in 

eri . into th P arm of the bridg� 
be ween RP and the bridg v rtex V. 
The final bridg balance h n yi ld the 
new values Rp2 and Ga2. It follow that 
th unkn wn re i anc i cr1ven by: 

Rx = RPI - R'P2 = 0R1, (3) 

at all fr quencie . Not that Rx can be 

negative if Rp2 xceed RPI. The un

known reactan 

Xx = K( a1 Ga2) = K(oGa) 

where the bridge n tan t 

� 
=--

W n 

(4) 

(5) 

The unknown reac ance i indu ive 
if Ga i deer a.. d in he final balance 
or apa itiv if Ga i in -rea ed. 

:For m a urino· it admi anc , the 
ur known (Y = Gx + jBx) i onn ted 
a ro .� he A rm of he brido·e in parall I 
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with Ga and a· The final balance yield 

the new valu Gas and Rps o hat the 
unknown conductan e: 

Gx = Ga1 - Gas = oGa (6) 
at all frequencie and an be negativ if 

Gas exceed. Ga1• Th unknown u -

ceptanc 

(7) 

i indu ive if RP deer ase or capa itive 

if RP in rea e in the final balance. 

Not that in the two types of meas

urem nt th function of the two bal

an e control are ran po ed. In th 

mea urement of Z, the hange in RP 
give dir ctly th real component Rx, 

and th chang in Ga determin s th 

imaginary component Xx whil in h 
mea urement of Y th hange in RP 
determine he im ginary omponent 
Bx and the change in Ga give directly 
the real componen G x· 

A given s al on the RP control can 

obviou ly be made d ir ct reading in 

both Rx and Bx by the p roper choic of 
the bridge con tant, I<.: Equation (5). 

imilarly th Ga ontr 1 can be made 

dire t reading in bo h G .£ and 1 ;z;· In

spection of the equation how that, if 
the e ommon dial cale are o be cali

brated in ohm and mic romho , h r -
quired value of K i 106. If complet 
coverage is desir d i follov that the 
re. i tance range mu t be the recipro al 

of the onductance rano·e. In the Type 
1603-A Z-Y Bridge , I( equal 106 and 

identical ranges of 1000 ohm and 1000 

µmhos have been cho en for the om

plex paramet r of th unknown. To 

perm1 mea uremen of po itive and 

nega ive value of Rx Gx Xx an Bx, 
initial balan e mu t mid

range of both control 
From equati n (5) i i hat th 

J UL Y, 1955 

bridg con ant 1-(, i a fun ction of fre
quen y. By mean of a thr -position 
wit h the fixed parameter of the 

bridge network ar el · ed to keep 
each of the produ t Rb a and R be p 

con ant and imultaneously to give K 
a v lue of 106 for any one of three con
venien reference frequencie : fa = 00 
, 1 kc or 10 kc. When the ridge i oper

ated at the corre ponding reference fre
quency, th dial cale for th imaginary 
component will b direct reading in 
ohm or µmho . The R and G cale ar 
dir ct-r ading a any fre u n y. 

When the operating frequen y, f, 

differ· from th el .t d ref rence fre

quen fa, h im gin ary omp n nt · 

are given by: 

Xx (in ohm ) fa 
(oGa in µmh ) ( ) - -

f 
Bx (in µmho f 

(oRp in ohm ) (9) ) = -fa 
A balan , of hi bridge can b ob

tained in erm of i'mpedance at any 

given frequen , f, if R. and X. Q) 
are both below 1000 ohm . If either of 

the quanti ie exce d 10 0 ohm an 

impedance balan i impos ible. How

ever, by onn cting the unknown in 
p2.rall l in he A arm an admittance 

balan e an be obtained a th follow

ing impl con id ra ion will show . If 

ei her compon nt of th complex im

pedanc 

R,±jX. Q) 
cxc d 1000 hm , th alar value f 

hi impedan c mu ex ed 1 0 ohm 

nd th alar alu of the corre pond-

ing complex admittanc a well a each 

of it compon nt mu t b J ·han 
1 000 µmho . 
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Fi g u re 3. Normal o pera t i o n  of the Z-Y Bri d ge 

F i gure 3a . I n itial ba lance ob- F i g u re 3b. Measurement o f  F i g ure 3c . Me asurement of 
tai ned with co ntr o l s  ti.Gu. a n d  imped a n ce .  F i nal b a l a n ce ob- ad m i tt a n ce. F i n a l  balance ob-

tl. R p. fai ned with c o n trols Ga a n d  fa i ned w i t h  c o ntro l s  G,. and 
Rp. Rp . 

Conver ely if either of the q uadrature 

component G"' or B"' (�) xc d 

1000 µmho , an admittance balance i 

irnp o ible , but an impedance balance 

can be made . 

Thus eith r a Z or a Y balan e i al
way p ibl and v hav a truly uni

v r al bridg ' ith an infinite range. 

Th familiar equation for transla ing 

impedance to admittan ornpon nt , 

r vie v r a at , f ur u ed if 
d ir d. 

In a gi en impedance balance it will 
be �en from E qua ion ( ) that if oGa 
turn out to b 1 han 10 µmh 

when fa i 1 r 10 k , a hif o th n t 

. maller value of fa wi l l  increase the re

quir d 0G0 t n fold and thereb en

h anc th e pre i. ion wi h \Yhi h th 

reactanc , �Y x, i. valuat d. ·mil r]y, 

in a given admittan balance, Equa

tion (9) if oRp i l · h an 100 ohm 

when fa i · 100 c or 1 kc a hift o h 

next larger value of fa will in r a h 

precision wi h which the u c p anC' , 

Bx, ·an be mea ur d. 

ly an incr a , in fo if po ·-
i bl ·erve o bring wi h in limit · 

an "off-s ·al 'alu of Xx, wh ile a d -

reas f fa, i.f p ihl , ma brin g \ i h-
111 limit an "off- ·al" value of Bx. 

· nd r h condition., th fo 1 ctor 

switch fun ion in ff , a a m u l ti
pli r f r the or B cal rang but 
not for th R r G ale rang whi h are 

fix d at 1000 unit each for all valu of 
both J and fa· 

Operating Features 

Th user will appr ciate th on-

v n1 n e of zero- ent r d al on the 
w balan ino- con rol which , in th 

final balanc read dire tly th valu of 

0R11 and oGa, and elimina h ub
trac ion indi a d in the quation 

Each balan ontrol consi t of two 
· p rate rh at . '!here are wo main 
·ontrol designated as Ga and RP in Fig

ure 3. rrh e h av id n i al lir ar al 
ach z r -c n tered and alibra t t 

±: 1050 un it in ach direction to pro

v id ome de irable overlap. They are 

pre t to their re p tive mid- al 

value Gao and Rpo pri r o n1 ki1 g th 

initial balance with th wo au, iliary 

ntrol b.Ga ai d b.Rv. inal balance is 

hen made with the two main dial 

which indicate dire Jy h e  valu of Rx 
(or Gx) and oGa for Equati n ( ) ( r oRp 
f r Equation (9) ) . Th frequ ncy ratio 
in th . qua I n are indicat d on th 
main dial . 

In operation de ign at d at normal, 
duri1 o- the initial b l an h t"· · n'lain 
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control rheos at are ·emoved from h 

circuit by wi ching and are replac d by 

two fixed re i tor dupli ating their 

mid- ale value G= and Rpo, thu 

avoiding a preliminar centering of h 

main dial . Thi f a ur i a gr at n

venience i1 making m a ur men v r 

a rang of frequ ncy, inc a qui k 

readju tment of the ini i 1 balance can 

be mad n the auxiliary dial for ach 
new frequ n y. 

If the Z or Y ompon nt of h un
known produce only mall main dial di -

placem n (readabl with limited pre

ci ion) in the final balan e a revers d 
perati r t chnique can b u d. In thi 

ca e all four balan control are in h 

ir ui during the ini ial balanc which 

i made with the .wo main c ntrol 

after th wo .: uxiliar ontrol h v 

been et to giv h d ·ired rang 
f m a urement. The final b lan I 

then mad 1 1 on th hvo auxiliary 

on rol who e in r m ntal di place

on expanded cal , p rm1 mor 

pre i e mea urem nt . 

For this purpo , the auxiliary dial 
re alibrated in the sam unit a h 

main dial and have full cal rancr of 

120 unit for .6.Ga and 140 unit for 

t1Rp. 'I hey are purpo 1 made non-

Fi gure 4. I m pe d a n c e  co m po n e nts of "black bo x .. 
a s  a fun ctio n of frequency.  

+ 000 

+900 

+600 

·200 
c::;; 01.---=-� 
c 

·200 
-400 

-600 
- 00 

cv 

(/) 

J U L Y ,  1 9 5 5  

lin ar to p rmit maximum preci ion 

In he m a ur ment of a few ohm or 

a fm· micromhos. 

By I c in th ap ropriat arrang -

m n of th det ctor terminals of 

th bridge, the op ra or may mea -
ur : (1) h ground d Z or Y value of he 

unknown wi h on rminal crround d 

and th ground capacitance of it high 

t rminal in parall 1 with the unknown 

el m nt (2) h dir t Z r Y v lue with 

th rrround apacitan of bo h t r

min 1 removed or (3) the balanced 
value of Z or Y '  ith both ground capa -

i an e of h floa ing unkn wn 1 m nt 
xi. ting in delta aero. it. Thi valuable 

f a ure i no po d by man type 

of impedance bridg 

h g n rator i i lated from th 

bridge net' ork by an ir t rnal hi ld cl 
ran former. (Fig. 2.) A imilar x rn 1 

tran f rm r (n provided) i requir cl 
for h det c r input if the balanced 

valu of th unknown i d ir cl. Th 

T pe 57 Tr n former i r ommended. 

1 • how th pan l arr nge
hi bridge. The two Ga n

n h 1 f and h wo RP con

are on th right. wit hing i 
arr an ed for ma. imum c n en1enc , 
whi h p rmit h unkno n to remain 

Fi gure 5. Re a cta nee vs. re s i st a n c e  for a typica I 
loud s pe ake r .  
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FREQUENCY 
F i gure 6. I m peda n ce parameters of an elect.-olytic 

capacitor. 

attached to a ingle pair of terminal at 

all times. The fun ion of the .fo selector 

wi ch (upp r lef on panel) ha already 

b en de · ·ib d. A ix-po iti n witch 

(upper right panel) provide for 1) nor

mal initial, (2) rever ed initial and (3) 

final alan for eith r Z or Y mea ure

ment . I di nn the n n-grounded 

t rminal of the unknown for all initial 

balan e . In additi on it hift the 

bridge po iti on of the unknown to 

permit Z or Y mea urem nt ·, keeping 

the ame unknown erminal grounded 

in all p 1 1 on . 

Residual Errors 
Any impedan bridge i subject o 

r ain · idual err r. b cau e it re is-

ti e c mpon nt ·ann t made rn-
plet 1 non-r acti and it r ac iv 
components cannot be made to have 

zero losses. Furthermore tray ground 

ap itan xi t at each vertex of he 

brid e whi ·h i no ;dire 1 gro md d .  

Thi capacitance i · n t ignificant 

of cour e, if the op po i te ' ertex i · 

grounded. 
In thi Z-Y bridg , . ·e Figur :..- th 

hridge v rt x V i Tou id d for im

pedance mea urement while he bridge 

ver ex T i · rounded for admittance 

mea ur m n . Rene h e  re i du al 

2 

0 
0.1 02 

� 
� --- ----

0.5 2 
KILOCYCLES 

� 
5 10 20 

F i g ure 7. I m pedan ce com po n e n ts of tape recorder 
head as a f u n ction of frequen cy. 

ground capacitance at the ver x ap

pear aero the P arm for Z meas

urement and a ro the B arm for 

Y mea ur ment _ T n eutraliz thi 

capacitan , a mall oltag of appr -

priate pha e and rnagni ud I n1-
trodu ced at this jun ·tion The 

tran former capa c itan e and he ground 

capacitance of th v rt x Q are i n  paral

lel with either Ca r Cn, wh re th y ar 

in ignificant. 

ther io-nifican re idual i mpedance 

are the mall inductance of the wind

ing of th wo main rh o ta . The 

hav n n utraliz d at inid- cal and 

at the xtr me cal limit by plac

ino· appropriate capacitor· aero each 

half of the e rheo tat winding . Th r"

ma·ning (r due d) r ·or ea h max1-

mum a h ±: -o 1 point or 

tion data ignificant onl at hio-h fre

quencie. are upplied. 

The O"\ er-all accuracy of measura

m nt d p nd no only on th influ n e 
of brid · r idual bu al o up n h 
re olu t ion of the ontrol dial and on 

th . n itivity of the null d tector. 

in e th brido· on tan I-{ i a f unc

ti n of fr q u nc , i h uld b n t d 
that the ab olute 'alu of a m a -

ured .L x or Bx but not Rx or Gx, 

dep nd directl r upon the accuracy with 
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' hich the frequency .f, of the gen erator 
1 know n . ominal accuracy of the 

bridcre i ::±:: 1 

APPLICATIONS 

Thi new and ver ·a il b ·idge i im

ple, onvenient an d rapid in operation 

and should find many u eful applica

tions in addition to the obviou meas-
urem nt of R, L and omponen 

Among he ar : 
A. THE TYPICAL "BLA K Box" PROB

LEM 

Th tw -terminal ir ·ui n twork, 

contain ing a resistor an induc or and 

two capacitors, wa measured a an 

impedan from 100 c to 10 kc. Fio-ure 
4 how th variation of R and X with 

I:s OF EL < T 0- OU 'II 

ER 
Figure 5 shows th un lamp d imped

ance circl for a mall 2-ohm, 2-inch 

loud peak r m  a ured dir tly without 

a tran former and demon trate a ma

jor acou tic re onance withou a baffl , 
a about 350 cy ·l 
c. LF HARA T'ER I Tl OF ELE TR -

L YTIC C PA !TORS 

Mea ured value for a mall elec-

J U L Y ,  1 9 5 5  

ro l ytic apacitor, when translated into 

erie r istance and capacitance Figure 

6, h w h progre ive drop of C wi h 

increa i1 g j and th rapid ri in R 
be l ow 400 cycles . 
D. TE T OR LI EARITY OF OMPO-

NE T 
A frequen y run f a tap r ord r 

head Fio·ure 7 how d it to be nm -
r onant at 1 a t up to 20 kc. 

E ON NT FREQ EN IE OF l D 

TORS A D TR N FORMER 
Figure 8, how th u ptance varia

ti n of a 5 h nry inductor with increas

ing frequen ·y. his indu tor fir t b -
cam ·apa itiv a f1, r v rted to induc

tive a h, and became capacitive ao-ain 
a fa, whi h i n an exa t harm.onic of 

f1. 
F. TRAN FORMER p ARA METER 

The open and hort-cir uit d i mped

an ·e of tran form r can b rn a ur d 

hereb yielding leakage rea an e, elf 
and mu ual inductance and coeffici nt 
of co pling; for xample thi ridge ha 

en used o m a ur th leakag r ac
tance of Variac autotran formers. 
G. A DIO TRAN MI IO ETWORK 

The inpu and output imp dan of 

filter· and other audio frequency tran -

Fig ure 8. S u s ceptance variati o n  of a 
5-henry i n d uctor at freq uen cies 
w here distrib uted c pacitance pro-

d u ces res o nance effects . 

2 L. I I i +±tt 0 -- I -2 

Figure 9. I m pedan ce comp onents of a Bolsbo u g h  cell 
( 1 1  OJ.Lµf e m pty) filled with tap water. Sin ce the electrodes 
of t h i s  particular cel l were n ot designed for use w i t h  w ater, 
the data are n ot i n dicative of the actual c o n s tants of the 
water, but are presented here o nly as an exom ple of this 
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mi ion n twork 

compl x hara 

b obtained. 

ocre h r wi h 
ic imp d n 

H. IMPED N E OF BAT'l'ERIE 

heir 

an 

r he int rnal im pedan . 0 ba teri 

an be mea ur d pro i ed th at th 1r 

res1 an e is less than on kilohm. 

I. OND TIVITY F LIQ ID 

Thi bridcr h uld b particularly 

u ·eful for mea urinrr th a-c conduc iv

i ty of lectrolyti olu i n . rre p cti 

of di lee ric constant , th reactive com-

p n n f th t 1 1  imp an an b 

balanced. Figur 9 h ow data taken 

n tap ' at u ing a Bal baugh c 11. 
J. ELE TRO- HEMI L RE EAR H 

ir ilar arc plo of olid or li quid. 
having lo y p lariza i n in th audi -
fr qu nc rang can b obtained. ata 

ha hav hith r o be n diffi ul t pr -
ur in thi r gion ar ily ak n .  

I . FEEDB I LOOP 

Th ability to m a ur n ga iv 

resi tance wi h thi brido· i · illu trated 

by h data in Firrur 10 which ho\· th 
variation, wi h fr qu-nc , of th e input 

I I x I I OUCTIVE 
I I +500 2Kc I 00 

_;( / +3� I Kc v 5 K c I I\. 
I 

+200 \ I IOKc 100 I 
- I I <:Ull<.C + 

i 
0 500 400 300 200 100 100 200 300 400 500 R roo� I I I I I ·100 

I I I -200 
I I ·300 
I I 
J 2�oc I ·400 

I I I ·500 
I CAPACITIVE 

I I JF I 
fi g u re 1 0. I n p ut i m peda n c e  of a fe ed b a ck c irc u i t  

s h o w i n g  n e gative resistance characteristic. 

imp dan c  of an amplifier with a h dP 

f Ll wer network. 

- I G. E TO :r 

- Io1 ATIO W. L M�o 
NOTE: The circuit and method of mea -

urement f r thi bridg ·a d vi d b 

Ivan G. Ea ton, Administra ive En

gine r. H ra i W. Lam n E n rrin r, 

llaboratedin th e final de ign. -EDITOl 

SPECIFICATIONS 

Freq u e n c y  R a n ge: 20 cycle to 20 kc. 
I m pedance and A dmittance R a n g e :  If the abso-
lute re is tance is le han 1000 ohms and the 

ab olute r a tanc l than 1000 1; ohms , 

th unknown i mea ured a an impedance. If 
the b olute conduc an i less th n 1000 
ffil romho and th ab olu u ptance i 

le han 1000 i micromhos, th unknown i 

mea ur d a an admit u.nc . nd r ertain 
limited conditions, a choi e of Z or Y m a ure
m nt j po sibl . 
A c c uracy: For r al components, R 01· G: 
:±:: (1 +l2 ohm or 2 micromho )) for th main 
lial : comp n nts f 10 han about 100 ohm 
(or 100 micromho ) can b mea�ur d on th 
au iliar. dial "'ri.thin :±:: (l +[0.2 ohm or 0.2 
micr mh ]). For imaginary c ni.ponent, X or B: 
±(lo/c +[2J0 hmor�: mi romho J)r rth ma.in 

Type 

dial ; =*= (1 % + [ 0.21; ohm or 0.2 i micromho J) 
for th auxilia ry dial ·. To obtain thi ac uracy 
in the mea urement of mall quadra ur com
pon nt at th high r fr qu ncie , correction 
data, upplied in th op rating in true ion , 
mu t be applied. Th ah lute m g, ur m nt 
of and B, but not and G, involv th fr -
quency error of the ·citing g nerator. 

Maximu m A pp l i ed Voltage; 100 volt rm . 
A c c e ssori e s  Require d :  calibr t d o cillator or 
oth r uitabl a-c generator, and a null d tec-
tor. The TYPE 12 0- Unit cillator and th 
TYPE 1212- nit ull D t ctor are re om-
mended. 
A c c e sso ries  Suppl i e d: 2 'I PE 274- hi 1d d 

abl , for conn ctions to g n and 
d tector. 

Mounting:  luminu1n abin t and pan 1. Blad{ 
crackle finish. arr in handle provided. 
Di m e n s i o ns: Pan 1: (Width) 1272 X (h i ht) 
133-1 X (d pth) 72 inch , over-all. 
Net Wei g ht : 2172 pound 

ode ord Price 
1 603- A Z-Y Bridge TER $33 5.00 
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N E W P U L S E A M P L I F I E R  I N C R E A S E S  U T I L I TY 

O F  U N I T  P U L S E R 

De ign d p rimarily a a compan10n 

i nstruinent for th TYPE 1 2 1 7- A  1 Unit 

Pul  er, he TYPE 1 2 1 9-A Unit Pul  e 

Amplifi r off r a pe ific olution to the 

pr blem of produ ing p u l  es with many 

d ifferent charact ri tic of d u ration, 

d uty ratio and i m pedan e level a 

higher power levels. I n  combination , 

the U n it Pul er and Unit P u l  e A m pli

fier constitute a pul e generator ap
proaching the ·wide rang of duration 

and rep ti  ti on rate charac eristic of th 

Unit Pul er, but wi h th power- utpu 

hara t ri t ics u ual ly a o iated with 

more xp n i e and pe ialized pul e 

generators de ign d to fit l im ited fi ld 

of a p pl ication . T h rough the econ m1 

of ·tandardiz d u ni d ign , thi ver-
ati le combinat ion i lower i n  pric than 

many narrow range pulser de ign d 
for m d i u m  power output. 

When it is driven by a ny ava ila bl 
ou rce of ith r po i i ve or negativ 

pul  e , the n1  Pul e mplifier w i l l  

pr du pu l s of  u rr n t  with magni

tude u p  to 600 ma. Thi  pul of cur

rent can d riv i n te rnal load to produ 

t Frank, R. W . ,  " Pulse in a mall Package " ,  General 
Radio Experimenter, Vol . VI I I ,  o. 10,  March 1954, 
pp. 1-7. 

eith r po itiv r n egati v voltage 
pul e , or can be u ed to d rive a load 

ex rnal t th in rument. he i n ternal 

load re i tor a re chosen t t rmin te a 

wide variet of tran mi ion l i n i n  

th ir  cha ra teri t i  i mpedances. 

General Design Considerati ons 

T h  main obj i n  h de ign of 
th TYPE 1 2 1 9- A mplifier 

wa to obtain a ma i m u m  alue of u r
r n i nto he l oad whi l  retainino- a 
man of the de ira b le wid ran ge of 

d u ra ion a nd r peti ion ra s of the 
Unit ul  r a po i b l  . It wa obviou 

at th out t t hat om maxim u m  d u ty

ratio l i m i ta ion had to be i m po ed if 

the amplifier w re to p rod uc a u  efully 

high ou put power at modera e co t. A 

curren b · w  n Yz a nd 1 am per giv

ing an adequa vol ao-e for d i r  t 
d flection of a cathod -ray tub with 

th low s normalL  en ountered ran -
m i  ion-l in rmina ting i m pe ance, 

wa d i rable. en ral con id rati n of 

pow r u pply de ign, nomical pa k

aging, h a di i pati n, and vacuu m
tub vai labil i  y led to th final hoice 

Figure l .  Pan el vie w  of the Type 1 2 19 - A  U n it P u l se A m p l i fier. 

www.americanradiohistory.com

www.americanradiohistory.com


G E N E R A L  R A D I O  E X P E R I M E N T E R  10 

of peak ·u rr n t  a 00 m a  for v ry low 

duty rati o and 500 m f r duty ra i o. 

i n  the neighborh o  d f 0 . 1 .  T h  ma 1-
m u m  du y ratio wa et a 0.2 by p l ate 

is  i pa i on in the ou pu tag . 

T h  uxi l i  r cm i deration of d r i v  , 

a n d w i d  h ,  a n d  u tpu t c i rcui w re 

ch osen to m a k e  the u n i t  a u n i  r al ly 

appl i cabl  a possi ble. M i n i m u m  outpu t 

i m p  dance was ·et a .50 o h m  , and 

c n ven ient valu of o u t p u t  i m ped n e 

ran gi n g u p  to 1 50 oh m for p i tive out

pu pu l and 570 o h m  · for the n ega

tive pul es , were p rovi d e d  by i n t  rnal 

·witc h i n g .  With p l e of l ong d u rati on 

and l ow valu of ou tpu i m pedan c , 

a apa i i ve ou put ou p l i n o- . y ·tem 

w ou l d  be bu l k  an wou l d l i m i  th 

outpu voltag 'I o  ove rcome thi  

roblem , t h  o u t pu w i t  h i ng y tem 

wa d signed o peri n i t  both negativ 

and po i ti ve ou pu t pul  e to r ta] n 

the i r  d-c c m ponen t rela t i  t o  ha i .  

grou n d .  
For m ax i mu m fl x i bil i  y pr v 1  lOn 

j ,  made for both po i ti v  and negati ve 

d r] v i n  pul . .  A panel w i t c h  con nect 

an a m p l i fi r-i nv rter t ge in o th c i r-
· u i t  ' hen po itiv d ri v  i · u d .  W i t h  

t h i · arra n o·em n t ,  i i po ibl  to d ri ve 

the a1n pli fi r from almo t any p u l  

sou rc . 
To i n c r  a ,  fu rther t h e  fi e i b i li t y  of 

th i n st r u m  n t ,  a w i tch ha h n p ro

vided w h i  h w i l l  re duc th ou put c u r

re n t  by a fact.or of approx i m at 1 � . 5 ,  

Figure 2 .  T h e  U n it P u l ser ond U n i t  P u l se A m pl if ier, 
a s  set u p  to p u l s e  a Type 1 2 1 8- A  U n it O s c i l l ator a t  

1 400 m e g a c yc l e s .  

o t h a t  i t  become p o  i le to op rate 

th i n  tru men t af l y a du ty ratio u p  

t 0 . 5  w i t h  an outp i t  c u rren t o f  200 ma. 

Two de i ra le f atu re ar gai n ed by 

t h i  mod of op ra ion ; i i po ibl  to 

obta i n  a square-wav ou put, and h 

n an d decay t i m  are i m proved . 
· with any power a m p l i fi r w h  re a 

m ax i m u m  du -ra t io r ri i on i nec-

ary to o b t a i n  t h  d i red peak - pow r 

output, i t  i po i b l e by i n  orrec h o i  

of the in put t i m d u ration a n d  r p t i 

t i o n  rat to overload t h  ou tput am-

p l i fier sta<T h ref ore to damage 

i t .  The n , ary protec t i on for h ou -

put tube and pow r u pply i afforded 

by a 1 00-ma fu e mou n t  d on the fron 

p· n l .  A neon pan 1 l a m p  doe d o u b l  
d u ty a pi l o  ] a m p  a n d  b l o w n  fu e i n d i 

cator i n  - i n  he e v  n t  of a e n ou 
ov r1 ad w h i c h  will  l w he fu , t h  

l a m p  i s  exti ngui hed . 

Circuits 

The a 1 c i rcu i t ry of the nit  P u l .  

A m plifier i · con venti onal a h ow n  b 

the elem n tary c h emati f Figu re 3 
an d nsi  t of a po' r tacre u · in cr t w  

para l leled 5763 p ower pen tode ( V-3 

V-4 ) a riv r em pl i n o- a TY P E  1 2AU7 
(V-2) a n d ,  for po i i e i n put p u l  e , a n  

m pl i fier- i n vert r age (V- 1 ) .  T w o  i n

t rnal po,. r u ppli  of 30 olt a n d  

260 o l t  for h output. u e a n d  d ri v

i ely,  ar pro i d  d .  
i n  1 2-po i i o n  ou tput w i tc h ,  

-4 ,  con ·1 1 he rnall avai lable 

output i m pedan c n d  outpu p u l  

p olari y .  Fou r of thi wit h 

1 ct ou pu pul ar p i ti ve 

wi h r p to cha gro nd at i m-

ped a n c  l e ,- 1 of 0 ,  75,  1 0 and 1 50 

ohm . I i  t h i  ·la. . f op rati  n th two 
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o u t pu t  tub ar u ed a ca h ode fol

l ower , and hei r  300-volt power u pply 
ha it neo-ati ve id on ha i grou n d .  
For p u l  e w i th n ega i ve polarit he 
remai n i n g  i ght witch po i i o n  ar 
u d to provide ii  rnal  l oad w j  t h  i m

p dan ces ranging fr m 50 to a pproxi
rnat l y  570 ohm . The 1 ad in t h i  ca e 
are pla d in the p l at cir u1 of t h  
5763 s ,  a n d  h p i Ive i d  f th 

300-volt power u p ply i grou n ded to 

h a  j . T h  utput tage for n crati v 

pu l th u approach a u r re n t  ou r e ,  
a n d  t h  output i mp d a n  e i l i n  a r  and 
i n d  p nd n t  of t u b  h a ract ri  tic . 

For n ecrati ve puls i n put h i n pu t  
polarity witch con n e  t h in p u t  t e r
m i n als d i re l · to the d ri r tage. 
In t h i  u s  h power a m p l i fi er i 
a t w o- t ag u n i t  a1 d p r o  i an out
put p u l  e of excellent h ap ( Fig
u re 4) i n  whi c h  th i n put pul e d u ra
ti n i faith fu l ly r pr du d. For a 
laro-e-am p l i tud n egat i ve p u] ul  i
mate ri e and decay I me for th 
outpu t age a r  . 050 a n d  . 030 µ e · 

r pe ·ti vel . P u l  a brief a ·  . 050 
µ ec at th half-am pl i tu de poin t  hav -
b en faithfully r produced .  vV h  n h 

d u t  ra i o  w i tch i i n  t h  0 . 5  po i tion 

the ri  e and decay Im ar i m p roved 
to . 030 n d . 020 µ e t i v  l y  ( 
Figur 7a) . 

Th amplifi e r-i n v  rt r acr i con-

1 ected to the i n put t rmi nal a n d  u p-

J U L Y ,  1 9 5 5  

plied \ ith pl ate o l  a ge when th i n pu t  
polari ty witch i in  the Positive Input 
po i tion . Th i tag then p ro vi d  n g

ativ p u l  e o u rn off t h e  d ri v  r u pon 
the appli  ation of a po i t i v  d i v i n g  

pu l orne care m u  b e  exerc i d t 
p r  rve h good h pe h a racteri t i  
i n h  r n i n  t he d ri e r-pow r a m p l i fier 

t m .  An exc e p o  i ti v  drivin 
amplit u d e  wi l l  au h ou pu pul e to 
b r t c hed by U I  o O A  µ c an d wil l  

au a m a l l  h u m p  of th rder of 3 
f t h  p u l  e a m p l i t u d  t o  app ar bef or 

t h  l ate t ran i t i o n  ( ee Fi g u r  7 1 .  
i n  e the ou tpu tern i d i r  t-

coupl d, h i n put i gnal at th gri d of 
the d ri v  r and ampli fi e r  mu b appli  d 
t h rouo-h cou p l i n g  apacit or _ The i g
nal  m u  t appear n ga i e or po it iv 
w i th r p c t o t h e  cathod pot n tial  
of eith r h d ri ver or ampl i :fi r .  I f  he 
i n p u t  w re a ppl i d relative o cha I 
grou n d  rathe r  than r f ren ced to h 

n gati ve u pply any n oi e or h u m  on 
thi u pply would add to th ignal . 
Thi would u n n  ari ly compli cate 
th d i ·n of h d riv r- pow r . u pply.  
N ot hat in Fi � u r  -1 ,  h i 11 pu i g
nal  are r f ren ed o h driv r 1.1,pply 
n o-a i ve rat h r than to ha i crrou n d  
b y  v i rtu of a n  i n  u l a e d  l o w  i n pu t  
t rm i nal. t p r f  rm n c  wi l l  ah a y  

b obtai n d b fl oati n cr t h E.  er r  u n d  of 
h i n pu t  y t m n t h i  po t. T h i  d 

n ot p r  l u d  obtai n i n g  n h r o n i z i n g  

F i g u,.e 3. E l e m e ntary s c h e m a ti c  c i r c u i t  d i a gra m o f  t h e  U n it P u l s e  A m p l if ier .  
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F i g u r e 4 

Negative output pul se 

0. 1µ.sec/cm P . R . F .  = lOkc 
son 28 vol t s  T P = 0. lµ.sec 

0. lµsec/cm P . R . F. = lOkc 
son 28 vol t s  T P = 0 . 5µ.sec 

lµ.sec/cm P . R . F. = 1 0kc 
son 28 vol s T P = 3µ. sec 

Po s i t i ve output pu l se 

1µ.sec/cm P . R . F. = 10kc 
son 30 vol ts T P = 3µ.s ec  

0. 1µ.sec/cm P . R . F. = lOkc 
son 30 vol ts TP = 0 . 5µ. s ec 

0. 1µ.sec/cm P . R. F. = lOkc 
son 30 volts T P = 0. 1 2µ.sec 

Negati ve output pu l se 

200µ.sec/cm P . R . F .  = 200c 
son 25 vol t s  T P = 1000µ. s ec  

(Note sl ope of bottom) 

1 33µ.s ec/cm P . R .  F. = lkc 
570D 270 vol ts T p = 200µ. sec 

lkc squOl"e wove 
son 10 vol ts 

pul e , e c . ,  from the drivi n g  ou rc , 
i nce the e ignal are generally ob

tai ned h rough cou p l i ng c i rcuit wh ose 
low- frequency i m pedance i n gligible.  

The two in ernal power u ppb ar 
of the full-wave-doubler variety whi h 
make mo t :ffi ient use of the power 
t rans£ ormer co pp r and to which el -
n i  u m  rec i fi e r  1 e n d  them el ve o w 1 1 .  
Large rectifier de-rati ng fi gu re have 
b n u d to insure long l ife. Adequate 
fi lt  ring i provided by two- ction R
uni s for both driver and output up
plie . The hum on the output pulse i s  
l e  than 1 0 .  

Some Notes on Operating Characteristics 

In any sp cifi c u e, ar ful con idera
tion mu t be given to two i mpor ant 
effects t hat are encou ntered with ( 1 )  
pul of high duty ratio and (2) p il e 
of l o ng time duration. The chara t ri -

ic of the TYPE 1 2 1 9-A u nder t he e 
c ondition are gi ven in Figu re 5 and 6 

elow. 
Figu re 5 how th :ffe · of h igh duty 

ra i o  on output urrent .  T his informa

tion is tabulated on the panel . The 
effect i due to power u pply regu la
tion and it i an advant ageou one 
be au e i t  permit a m ore economical 
use of the output tu bes for the low 
d uty rati s mo t commonly encoun
tered . Without t he protection of de

c reasing power su pply volta e at higher 
duty ratio , i h r he range f du y 

ratio or t h  peak current at t he lower 
rat io woul d  have to be decreased . 

Figu re 6 shows t h  charact r · tics 
of the output pul e ·with r gard to max
i mu m  p r m i  i ble pul d u ration for 
negative drive. H ere the c ri terion e
lected wa a d roop of 10 0 in the " tube 

on ' portion of t he pul . Th ram p-off 
may b due to any one or a com b i nation 
of three effects : ( 1 )  d ischarue of th in
ternal power u pply , (2) in u ffi cien 
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Fi g u re 5 .  Effect of d uty ratio on output c u rrent. 

I 

I 

d ri v i ng amp l i tude which will  cau e h 
d river tube t o  com back on prema
tu r 1 , or (3) a combination of l ow d ri -

i ng vo ltage with an external bl c k i n()' 

capaci tor i n  th driv i n g pul e gen rator_ 

Figure 6 hmYs that , wi th a driv ing 
voltage ii e."cess of 2 7 .  - volt the fi rst 

effe t will  predom inate , a n d  a ramp-off 

of 1 0  .,,,ri l l  be rca ·h  d with an output 
pul e of 4000 µ, ·e . T he rate of ramp- ff 
i· very nearly l i near o a 1 000-µ, e 

pu lse w i ll have a d roop of 2 . 5  due 

to thi  ff ct,  et e .  (dotted u rve) . I n

t ra tion het ,veen the dri ver and main 
power . upplie.' hold ' th droop for po i-

1v pu lse ou tput d wn , so hat w i  h 

input ampl itud in exce of 55 volt 

posi t ive out pu pu lse up 1 0  000 

µ, ee may he obta i n ed . A h d r i v i n g  

voltao·e i lowered below i t  max i m u m  

value, t he ffcc-t d ue to d i  c harge of th 

d ri ver < ·ou p l i ng c ir  uit pred om inate , 

and the 1 0  ram p-off figu re i s  reach d 

oon e r. For exam p l , \vith on ly 25 v l t .  

ava i l able, th ou t put pul  · e  d ro p by 
1 0  at 3000 µ, c .  

a w 
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Fi g ure 6. O utput p u l se c h ara cteristi c s  
as funct ion o f  ma x i m u m  per m i s s i b l e  

p u l s e  d urati on.  

With po i i ve input pul es, the d ri ver 

ao-e u pplie an adequate voltag to 
perm i t th n"laximum d u ration hown 

i n F i gure 6 t be reached . 

Figur 7 i llu  trate wo a dd it ional 

minor chara eri t ics of t he Pu l e A m
pl ifi r whi h are of i n ter t wh n the 

u ni i u ed to pr du bri f pulse . 

T he e:ff ects are time delay and a tend
en c for the input pu l e to be t rct heel 

when th in rter-am pl i fier tag i 

overdriven by a po i i ve i n. pu pnl  e .  

Figu r 7 ,  a and b, i l l u trat the i me 

F i g u r e  7 
Time delay and overdrive e ffects 

I nput Neg. SOv 0.05µ.sec 
Output Neg. 25v SOD 0. 05µ. s ec 

Input Neg. 50v 0.05µ.sec 
Output Pos. 20v 5011 0.05µ.sec 

I nput P o s .  50v 0.05µ.sec 
Output Pos. 30v 5011 0.4µ. sec 

(Note stretch i n g  caused 
by overdri ve) 
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delay effect for both negat ive a n d  po i

tiv ou pu with a brief negative inpu 

pul e ;  th time delay through t he Pul  

Amplifier i f the order of 0 .05 µsec . 

I n  F igure 7c,  a high-amplitude po itive 

pul i u d to overdrive the pu lse i n
put tag , and h output pul  e i 
" tretched " b approxi m ately 0 . 3 5  
µsec . T h e  retchi ng effect i reduc d by 
redu c i ng i nput a m plitude. 

- R . W. FRA T I<_  
SPE CIFICATIONS 

Output P u l s e :  Th op n-circui t output pul e 
voltage is b tween 1 0  and 250 volt and i 
the product of th ombination of impedanc 
and available curr nt Ii ted b low. 

( 1 ) Impedan e :  
a. Positive pul e :  50, 75, 1 00, 1 50 ohm , 

all  ± 10  
b .  Negative pul e :  50, 75, 1 00, 1 50, 200, 

250, 300 ohm , all ± 1 0 0 ·  570 
ohm ± 20 de ign d to permi 
maximum output voltage . 

(2)  Output Curr n t :  Thi quantity d pend 
upon the po i t ion of the duty-ratio el  ctor 

witch and upon the duty ratio. 

DUTY 
RATIO OUTPUT CURRENT (ma) 

I T I VE PUL E NEGATIVE P L E 

D R  w 0. 2  DR w 0. 5 DR w 0.2 D R S w 0.5 

0 . 05 620 ± 1 0% 3.- 0  ± 1 5 %  57 - ± 1 0% 330 ± 1 5 %  
0 . l .5 0 ± 1 0% 325 ± 1 5 %  550 ± 1 0 %  300 ± 1 5% 
0 . 2  550 ± 1 0% 1 300 ± 1 5% 475 ± 1 0% 275 ± 1 5% 
0 . 5  - 250 ± 1 5% 225 ± 1 5 %  

(3) Tran ition Time : The tran ition tim s 
d p nd on th transit ion time , magni tud , and 
polarit of the i n p ut pu l e a wel l  a on t he 

etting of · he output impedance, polari t , and 

duty-ratio wi tC' he . The e haract ri ti are 
ummarized in the table below. 

( 4) M aximum Pul e D uration : The maxi
mum duration of th pul d p nd on ly on the 
tolerabl ramp-off during th ' '  n " p riod. If 
1 0 3 i cho en th n t h  maxi mum " on "  p riod 
for po itive pul es i 1 0  m1- e and for negative 
pul e 4 mµ ec · with the Type 1 2 1 7-A, he 
maximum for negative pul es i 1 rnµ ec, f r 
po itiv pul e , 1 0  ffiL c. 

(5) Pul hap : v rhoot le than 5 of 
ampli tude on an output wit h po ition . 

(6) i e :  H u m  on h output pulse le 
t han 1 of pu l e amp litude . 

(7) I n put Pu! e :  Th maxi mum durati on of 
the outpu pul e i to o m  xtent determined 
by the i n put pul e voltag and tol rable droop. 

I n p u t  

egati ve 3 0  v 
N gativ 55 v 
Positiv 10 v 

M A X I M U M D U R  T I O  
T O  1 0  0 D ROO 

Po itiv 
utput 

2000 /-
1 0,000 
10,000 

gativ 
utpu 

4000 /- ec 
4000 
6000 

The droop i approxima l i near, henc the 

I N P U T  P U LSE O U T P U T  C H A R A CTE RI STI C 

Ri e D UT RAT I O  T I O  

and 
Sw 0.2 

De ay 
---

T P  T Rise Dec a D·.!cay 
Po larit Amp l itude Ti me Time Tim T i m Switch 

N gative 30 v 2 m1- ec 50 m,v . 0 mµ ec 40 mµ c 20 n'l.: sec Negative, 50 n 

ec f 50 50 0 50 N egati ve ,  50 n 
Negat ive 30 v 50 rn1- 1 00 1 0 0  30 90 �egativ ' 5 70 n 

} 
80 0 60 70 Po itiv 50 n 
1 0 l l O l l O 0 Po itiv 150 n 
60 90 40 0 N egativc , 50 Q 

egativ 50 v 1 2 1 7-A 1 00 1 20 90 l l O N gative, 570 n 
Pul er I 90 1 20 70 1 0 0  P o  itiv , 50 n 

l 
1 0 1 60 1 20 i :30 Po itive, 1 50 n 
60 240 40 1 60 N gat ive, 50 n 

p i tive 2 . 5  v 1 2 1 7-A 1 1 0 240 0 1 6  N gat iv , 570 n 
Pul er 90 1 0 90 1 20 Po i t iv 50 n 

( Minimum n. ·e · r driv ) 
J 

1 0 240 1 :30 1 60 Po i tiv , 1 50 H 

I 50 0 40 60 N ega i ve,  50 �t 
Po iti ve 25 v 1 2 1 7-A 0 1 10 1 00 1 00 N egative, 570 n 

Pu lser 
l 

90 I l l O 1 60 0 Po i tiv , 50 n 
( Pulse ' Lr c hing 0.3 µ ec) 1 80 1 50 l l O 1 1 0 Po i tivc, 1 50 H 
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1 5  

maximum duration for 5 d roop ar Yz the 
above figure . 
I n put I m pedance:  Approximately 50 kilohm 
shunt d by 30 µ.µf. 

Type 

J U L Y ,  1 9 5 5  

Po wer S u p ply : 1 05- 1 25 volt , 50-60 cycle . 
I n put P o wer:  75 watt.,, full load, 1 15-volt l ine. 
Di m e n s i o n s :  ( Width) L O Yz  X ( heigh t) 5% X 
( depth) 6 %;  inche, over-all .  N et Weight:  8Yz lb . 

Code Word Price 

1 2 1 9- A  U n it P u l s e  A m plifier . . . . . . . . . . . . . . . . . . . . . . . . 1 
I 

RID $ 1 7 5 .00 

U. . Patent 2,54 ,4.- 7  

A R E G U L A T E D P O W E R S U PP LY F O R U N I T 

I N S T R U M E N T S 

.,o provid the u l t i mate i n  pe rform

ance from Gen ra l Radio U n i t  I nstru

ment , a voltage- regu lated power u n i t ,  

t he TYPE 1 20 1 -A U nit Reg u l a ted Power 
Su pply, is  now a ·ailabl . 

A lthough the T Y P E  1 203-A n it 

Power u pply i · adequate for a l l  normal 

u of U ni t  I nstrume n t  , ther ar ap

p l i cations where maxi m u m  tabi lity of 

o c i l lator outpu amplitude and fre

quency i r quired where amplifier h u m  

level or pu lse j itter mus b m i n i m i zed, 

or where lo al l i ne vol age fluctuate. o 

bad ly h at regula i on i a n e  e sity.  For 

these and other criti al appl i ation , the 

new regulated power u n i  i well  u i ted. 

The T Y P E  1 20 1 -A nit Regul ated 

Power u pply i identical in ize and 

external con truction to t he TYPE 

1 203-A Uni Power Supply, o that the 

two are completely interchangeable 

mechanica l ly for the operation of Unit 

Type 

1 20 1 -A U n it R e g u lated P o wer S u pply 

F i g u re 1 (ri g ht) . P a n e l  view of the U n it R e g u l a ted 
P o w er S u pply.  F i g u re 2 ( b e l o w } .  E l e m e ntary 

sche matic.  

JOO./ O C  l"Qmq 

�-----------O
OJ.J'" 6J V A C  4a 

I n  trument . The regulated u n it ,  h o w

ev r i capable of fu r n i  hing high r out

p u  cu rre n t  with greatly r du ed ripple 

a n d  noi  

The c i r  u it ,  hm n in Figur 2 ,  i 

that of a conventional s rie · regulator 

using a 565 1 -typ volt ge refere n e 

tub and a h i g h-gai n  a ode ampl ifier . 

For cri ical appli  ation , the use of 

the T P 1 20 1 -A nit Regulated Powe r  

Supply w i l l  re ult i n  i m pro ed perform

an e from R Unit In tru me nts. 

SPE CIFI CATIONS 
H i g h -Voltage O utput:  

Magnitude, 300 volts de,  :± 1 0 
Regulation, :± 0.5 
Current, 70 ma, max. 
1 20- ycle Rippl , 10 mi llivolt at full load 

H eater O utput: 6.3 vo l t , ac ; 4 amp. , max. ; 
unr gul ated. 
I n p ut :  1 05 to 1 25 volt , 50 to 60 cycle , 1 00 
watt . 
T u b e s :  1 - 1 2AX7 1 - 6A V5 T 1 - 565 1 
Di m e n sion s :  ( Width) 5 X ( height) 5 %  X 
(depth )  6 %; in he , over-al l ,  no i n  luding 
power cord. Net Weight:  5 poun d . 

Code Word Price 

ASSET $ 80.00 
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K .  Ada m s  W. M. I h d e  R .  E .  Bard 

NEW PHILADELPHIA OFFICE 

I n  order to giv bett r ervice to 
our cu tomer in t he P h i lad l ph ia and 

Camd n a reas, General R ad i o  h a  

opened a new b ra n ch offi ce at 1 1 50 York 

R oad , b i n gton Pe n n  yl vania .  M r .  

Ki pl i n rr Adam , for n ine yea r manager 
of h hi ago offi c i now ma n ager 
of the nevv h i l a d  l ph i a  offi ce . 

M r. William M .  I hde, who h a  b n 

a ociated with our h icago office for 

five y ar , b orne rnana rrer of the 
Chi cag office and wi l l  be a i t.cd b 

M r. R o bert E. Ba rd , who ha for h 

pa t th ree yea r been 01 1 ou r Cam bridg 

ale E ngi n eering , taff. 

OTHER BRANCH OF F ICE CHANGES 

M r. Wi lliam H .  'I h u r. · ton ,  w 1 1  k n own 

in the N ew York area a ·  manager of our 

di ri t office and a hairman of the 

K ort h rn N ew .J e r  · y Secti on of th 

W. R. T h u rsto n G. G. R o s s  C .  W. H arri s o n  

I R E , i retu rn i n g  to the h om e  office at 
ambridge to a u m  new re pon i b i l i 

tie with the ale E n gi ne ri n g  grou p .  
M r. George G .  Ro. . b c o m  s he new 

manarrer of the �ew York offi ce. H 
will  b a bly a i ted by l\/I r. 

J i arri on, who for the pa 

ha. b en a sa l engi neer at 

NEW D ISTRIBUTOR FOR IS RAEL 

We take pleasure i n  a n nouncing the 

appointm n of th Land ea Product 

orporation, 39 Broad wa , '\i ork 
, e' York , as ou r xclusive repre en -

ative for I s rael . 
I t  i x p  cted hat w hall b able to 

ren der th be po i ble ervic to our 

fri n d i n  I rael through the good office 

of th par nt concern and it re i d nt 

branch th Lands a - a t rn Com
pany, P. 0. Box 255-! , Tel 

G E N E R A L  R A D I O  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  

B R A N C H  E N G I N E E R I N G O F F I C E S  

N E W  Y O R K  6 ,  N E W  Y O R K  

9 0  W E S T  S T R E E T  

T E L . - W O r t h  4 - 2 7 2 2  

L O S  A N G E L E S  3 8 , C A L I F O R N I A  

1 0 0 0  N O R T H  S E W A R D  S T R E E T  

T E L . - H O l l y w o o d  9 - 6 2 0 1 

C H I C A G O  S ,  I L L I N O I S  A B I N G T O N ,  P E N N S Y L V A N I A  

9 2 0  S O U T H  M I C H I G A N  A V E N U E  1 1  S O  Y O R K  R O A D  

T E L . - W A b a s h  2 - 3 8 2 0  T E L : T U r n e r 7 - 8 4 86 

S I L V E R  S P R I N G , M A R Y L A N D  

8 0 5 5  1 3 t h  S T R E E T  

T E L . - J U n i p e r 5 - 1 0 8 8  

"F°"'�,.reo 
U S. ""'· 
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