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When you speci Fy voltage ratio to an accuracy of 0. 2 port per million, as 
we do for our precision decade transformers, it is reasonable for people to ask 
how you can be so sure. In answer, Henry Hall conducts "An Exercise in Voltage 
Division" in this month's feature article .... I s  it too much to expect a single 
digital voltmeter to be a de multimeter, a uhf (to 1 .5 GHz) voltmeter, and an 
cc/de m illivoltmeter, to offer dB as well as linear readouts, and to have on 
input impedance of 100,00 0  meg,ol1ms on all ranges? No. GR's first DVM does 
all this and more, with only two plug-ins (poge 8). . . . Among the many 
improvements incorporated in the latest version of our popular 165 0  im­
pedance bridge (page 1 5) is  a conductance-measuring capability. Even if you 
don't have any conductors you wont to measure, the things you con do with 
ac resistance and conductance measurements should whet your imagination. 
The new 1 650 also looks nicer, is priced lower than its predecessor ... . 
With the introduction of the 1 4 05 and 1 407 series of coaxial capacitance 
standards (page 1 9), the benefits of the GR9QOF• precision connector are 
applied to standards from 1 pF to 0.1 µF. These benefits include accuracy, 
repeatability, and traceability to NBS. 
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nf'er:-:, .·cieritil-'l:-<, technicians, ednc. rnr:-:, and o hers intere-..le<l in the instrument.� and 

tcchniqu s of elect ri<'al and elcPtronii·.: nw:.1.::.;11rcrn 'llb . .  \ddre>"l-' all correspondence to 
Editor, Gen ral Hadio E.cperimodcr, G JI ·ra] Rt-tdi 'o., 'Ye:::.t oncord, :.\1a.Hs. 017 l. 
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Figur e  1 .  Si mplifi ed 
dia gram of ca paci ­
t-lve divide using 
only three c apacitors.  
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Figure 2. Con nectio n  d ia gram 
for . .  c yclic c a pa clt·or" method 
Coo te: n = nu mber of  tenths  o f  

input). 

Gfl 1311-A 
I -Hz 
100\1 

IVJ...ll 

,--
1 I 
I 
I 
I 
I 
I 
I 
I 

DIVIDER 
BEi G 
CALIBRATED 

' 
'-, 

I 
1110-n1c I 
I I 

I I I 

L_ - -- - __ L.::.�-:: :.� - -' 

IN SWITCH eox_ 

P�SE 
DIVIDER 

GUARD 
DIVIDER 

www.americanradiohistory.com

www.americanradiohistory.com


Figure 3. Basic IPdnciple of 

"boot$trap" Mettiod, wher·e E;· 
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1 0  
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In actual divid 'rs, the Yoltu.gc <liITer­

enc b ha,' n h � 0 and fuH-. ale spt­

ting.· 1s not equal to th, input vol tulT 
b ·ausP of "·olt� rre drop in th wumg. 
'I'herefor , the' input vo1t.at?; must be 

m usur d at th high and low i11put 

t rminals if xpre:s i 1 (3) u.b \' I o b 

valid. The c· rreetions for th 0 and X 
(10 po. it ion can u� ily t t 'rmin d 
from th smn.U differe11C' b w n th .·c 

ctting. and the input terminal·. 
'' hilc in h ry h volt ' g , E_,., eoulrl 

be any vnlu , i is highly d irabl l at.. 

it be a nearly f1ual to on -t n h a 
po· ibl , ·o tha aH cliff 'r ll<"es '''ill b 

1nall for accural mea ur m 11t and so 
that h ng s in th E). error \•>ill not 
be important. 'I his ran. fonn r mu .. 

b doubly �]iield d; '" \Y::wt EY to h 

indcpcnd 11t of rL tio . etting, and this 
would not he so if there "·ere capaci­
tanc to cith r winding from n1riable 
voltage . 'V fir t u cd a in1pl hiel<lcd 

M ay, 1968 

toroidal ran former, wh..ich bad an 

error of ubou 30 ppm (30,000 ppb) of 
input. Thi w u]d n hav b en too 
bad if it w v ry ns n.n 1 bu- un-

f rtuna.tely this ratio dPp nd d h a.vily 
on input voltage. r b tt r tran former 

\'a required. 
In hi paper n thi� m thod z u. d 

a" two-stage tn1nsfonncr ' us J.e cribed 

hy Brooks and Holtz 3 and I y ut­
ko.·ky 4. uch .. circ.;uit gren.Lly r du<' 

the error due to \'OltagC' drop in the 
prin ._ ry by . ampling he flux and ad<l­

i1 g additional Yoltagc . Th full input 

voltage in Figur 1 is applied t.o winding 

#1. HowevC'r, 1 cau.· of the voltage 

dr p du to z1, c'.! and :i are slightly l w. 
Th"' different'(' hd.\\.C'f'll < .:11 and C:i is 

applied t.o a :-;econd tran form r whose 
ulput i:-; ntld cl to :i as a. corr ·tion. 

The transform r w u:-;cd, shown in 

er :-;,·-s e ion 111 } igure .) , '''tV r·o11-
f;h'Uc1 ed quite <lilkr IJtly from 'ze's. 

Two of U c:-:£' tra11:-:forll'l.('r� WC'l'<' mad , 
and hoth had ratio <'tTor::; of le. , than 
20 ppl of input (or :?00 ppb of output). 
.... � ot t} at th outer winding >f th t.w 
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figure 4. Slmpllfled dia­
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' 
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Figure 5. Cross-s.ec.tion di,c;Jgrom of "two­

sla•ge" lr·onsformer. No·le two toroidal 
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-o Figure 4. Oscillo ­
g f'a m  s howin g lhe 
li near (top) and log 
(bo·ttom) s we e ps of 

lh e 1820. 

f th ramp v JU g, i.' li t a.r '·ith tim 
the> inw j nterYrLI i.s proporti ual l th 

input \' ltttO' . If th ' t"tmt ,·olhw, i� 

an . pon n ially C< rir g f u1 . ·ti n f 
im , th inw int<'rval will b 1 

l'ithmieall. r lu.t cl the· inpu vohacr . 

• 'i1wc the cun: 1 t in • t·i . RC cir<' li 
i. • n xponcnt ial function of tim 
for n .  p v ltag , < l pli d L th :.;; rip,• 

c·ombiun.ti n, a ramp-lyp DY)! i.· i i al 

f r log: rith1ni r a<l ut . . \..' < matt r of 

fat�t, i wonltl 1 <: n mi ally prohi l i­

t iv me rp ·nt th 1 garitlmil'­

r a lou fcntur f .h ' J, 20 in ·uwt h r 
i pc .f D\'I\I. 

Fi urP 4: .·h w.· f 
h linc:.lr nn<l 1 :.. 

Input Circuits 

I f } {' h j f f :l f lll' :-: 0 
th hiU'h input imp chne 1 all ranu � 

tC'hic\· l t hr m h th u:-; of a laro·> 

n ,o-, tiv ' fccdbn ·k :1r pli0d :tr und tl, 
input ar 1plifi 

1 g n n l :1 

l (.\B)sc 
- Z.n ---1 (. 13) 

Fi g ure 5. Ac wave f.orm 
at p h otochopper o utput.  

Fig ure 6. Simplified s c he­
matic dia g ram o ·f  the oulpuf 

a mpli fier. 
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7ain t nd (� (3) 

] lh 
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May, 1 968 

t h  
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p n-c ' rc•uit 1 op 

wi h inpnt t r-
1uati n abo ·e 

loop gai 

zero, th 

Zn, - Zin (l - A[3).' 
In the 1 � �O, th loop uai1 itl 
n1·tt 1 r 0 d B  n nll but t he 2-m 

(wlH'rC' it i.· (} B). Thu.·, if w take 
th 0-<lB fig11r : 

z fl> = z i 11 x 1 l. 
The i1 put. eir ·uil in ith r ltw-in i. 

a f ul l-,Ya v phot oehopp r 01 rating a 

a} Hit '27 Hz. The im1 Ian<' of th' 

photo ·ho1 per i.· nh u .) 0 l IS in t 

-Pl •rn 1 .10 �[L in th e -P:... Thu.· th 

L [ i · l in t nt in p It n i. ah Htt. 
.} X 101:"! ohms for th<' - PL an :) X 1 11 

ohn s for Llw -P:2 plu r-in. I• igur .> 
.·how:) thP ac \\'a \'eforrn a t n1tpu 

of th photo · hopp< >r ·ir ·ui n th 
-P 1 with lh f c lbt ek di�c·oruw t d. 
It i:-: in c•n•. · in•.r o th fas ri · 

and fall lime. of tl ·ho1 p l ' - . ,. f rn 

at 27 Hz. 

Output Amplifier 

'I'h ou put � rnplifi r r.· n.pt hi ' of 
± 2.)Q vol t!-' . ·wing. 'l hit'\ i"' n <·· • sa ry 1 n 

r !Pr f.o rn�tintain h hi(J'h input un­
dt 11e ' ou all rang·.' including th 

2:?0-volt range'. 

• T . . Gray . . lppli•cl Efrc/ronfr , •cond ·dilion, John 
\\'ilcy & · n luc., N " York. 

-470 

300 v 3001/ 

+ 1 1 .---__ ... '-11 1 .-------.----..--� 
, ... 

120. 

. ... 120 k 

OUTPUT 

l l 
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1 2  

the [;]Experime 

Fig r ) i. 

di, gram of th 

a ·implifi d h matic 

u amplifier. Tran-

i t r. Q und 

capabl of pro ·i 

h load r 

;3 
wh n in the 

th 

Uill 

l. 

UHF Probe 

curren ourc 
a _;:JQ-y It dr p 

The 1 � - 1 u a uhf pr b for 

me'" ·ur m 1 .� up 1.::5 IIz. r ol tlT . 
up t v l t rm a n1 a. u r d 

dir · ly Yith thi. pr b al h U rh t 
fr qu nci .· abo,·e 5 0 :\!Hz lh 

mum v lt g r uc d 

Ph ·icall the pr 
th R 1 

lineariz r · 

r pon of h probe a 
r mor accura e. 

t Jami'. J. Farnn, Jr .. "Hip;her ccurtl-"Y. Hil.!her Fre-
4uencir. with ""' I clroni \' It.meter." G 11eral Rtidto 
E.c:p<:rim 11t r, July HIU3. 

Resistance Measurements 

me·n 

terminal 

f 

ur. a 
T' 

flow in the 

h inpu t rmin: I 

l 20-ll 

of v�'r of 

om 

an 

]fl 0 

m a  ur d by 

r a h input 

d for r i ·t­

om pl x 
f urr n 

n 

1011 oh 

figure 7. Resislanc:;e-rneasurement 

ted1"ique with lhe 1820-Pl. 

' 
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fig u re 8. Basic c ircuit diag1ram of the operatio,nal 
rectifier of the J,820-P2. 

will b q uul to V r b r virtu of h high 

gain f h rror �1mpiif -r. Bu 

urrent mu . fl w thr ugh th 
se ting r :i tor::; '"" th ot 

rror amphfi r, a c•orr ,etion m u st b 
mud for a h ran.. . n could m a.-·ure 
re.i··tor up t 200 m gohm8 with th 
I ..... 0-P 1 if th v l .ag a oro. l'i 

\\' r n limit d 70 

wi ·ling a.'LU" 
tor.' up to ..... 00 m gol m.· muy isc i111cc 

h 70-vol limit r, provid d that Lhey 

n tol, r L up Lo 2 alt a r , · the 

·nput t rmina . 

The Average-Responding Detector 

he 1 ..... O-P2 LL c. an op rn. i nu.I 

r c ificr to ·onv rt u in .o de. The 

d ctor is Libra d to r ad iu tenn� f 
rm volt.· for sH wa.v · l• iQ"ur b 
s ui tlia ram f r u 
[\, d 

OU 
in tr du i1, 
fr quen ·i .· 

pn..·•1\·e R · filt r will filt r 
at th 

Ull ]TI� r b i1 •r 
contr I L • du th ac 
furth r. 

De Differentia l Adaptor 

I i ften d . ir:. hle t u.· a nv f 
in bridg ir ·u1 or m a. fl x1 ing n­
fi m·a i n. Th onl.mou-m d' vol tag . · 
either at de or pow r-line frequency 

May, 1968 

u u lly limit the ac ur· of men, ure-
men in u h situ tion .. Th pr 
m re . everc a s ur e imp cs 
rreat r than I 0 0 ohm ar nc n-

t red b ca e of h u11 alunce bet.\V 

t e high and low t rm·nal of the 
i trument. 

Th 18:..0-P3 De 
(1' igur 9 wa.H dcsicrn 

h · jecii n 
ircuit . .  

two phw-in 
t nv r unbalan · cl iuput a 

s ly l alt nc d diff r n iaJ ii pu . Thi· 
udupl r i.· actually a I w-fr qu ncy 
(:..0-Hz) . ampl -n.nd-hold devi • in 

N"hi h th<' .. ._ n pli1 g p riod i.- qual o 

1,h h lding ri 'h inpuL :_ nd 

utpu n'h ys .. r d ' th .. 
op n · b f r lh 
Thu.· th outpu i. n v r in c ntact 

with thr> input t rminn.l .  

• 

Figure 9. The 1820-PJ Cc Differential Ad1apfor, 
s,hown in place on the 1820-P2. 

APPLICATIONS 

Automatic De Leakage-Current 

Measurements 

Th 1 20 ·an l u' t muk I ak-
acr - urr nt m •:vurcnten ,:,; on capa i­
lor:s, diodes, transistors and other com­

p nc'BL · .  A t.ypi · a l · a pa ·itor l ak ,. -

urr nt ass mhly i: ·how in h blo ]� 
dia -rnm of Figure I . ln his · ·t m, 
a, GR 177 , ann r 1111 t.' the cmn-
p n nt. · . rially. An 
, xternal proU"ra1nm r a. ti vate · a pr -

gramn al I pow r. upply s tha proper 

bia� voltage� ar a.pp!i d he c 1n-

13 
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1 4 

the[;]EJxperim nt r 

CO PO ENTS 

TO BE 

C>lfCK£P 

PQ\lr£R 

SVPP Y 

GR 1770 
SCAN ER 

(XTER AL 

PROGRAMMl"G 

T•HGG R 
COMMAND 

Fl 37 
PRIN�ER 

O'I 
CARO PUNC 

COUPLU'< 

1910.Jl' 

Fi g ure TO. Typic:ol system f o r  me asuring c apacitor 
le akag e c urre nt. 

pon nt.·. Tl i� r grc. mn r al:-::o d 
1ni11 .· th 1 .11gth of tirn nec·c 'st r 

th 1p >11011 t. t � al i iz 

h mad . � ft<>r ti 'i.' 

wi h suit, l l 
f · I w-1 

. n:-;1 l\' rau(Jl'e l.' 

f cl �Pl' )I } 
or n10. ·t, a ppr pna r;.in� . 

p ri a11'nt rec<rd f r .·t.tlts <'an h 
obt:i.i wilhthe iR11:7dntaprint. r 

or t ·ar<l-putH'h ·c upl r. Tl stan for 

ata Hl put f th f :._ i� 1-2--�-:_ H _'01 
Oll\' rtil 1 to  by ·in l 

m di · ·1tio11. 

U HllF Measurements 

Th �mall c n w U!'l' l in 
the ac pr } ha:-; a v ry low indu · «tn 
1· � tlting in a r :-;onan • fr l J e 

io-l er than : IIIz f r th prob 

a.·s('mhly. \' ry pr ('is !in ::uiz rs f · 

c� h m· ranu gi \'C' <'.·<'ell 

,. 11dmYn to:... m.Y. nc 
n1o�t. R 1i.·iti\' a<· rnn"C. 

llh f I lC'U:-'ll r l1l I S, th l l'UhC' 
:-;; he u.·c<l ii a d >.·pd c a. ial :-;y ·-
t 1 i to ·1 \' >i l conn <'ti 011 n·,� rs. Th 

1 0 ·_p Tc' '011110d r i: axailal l a. 
·i..n r p1 a · the pro! c cup. 

I 1. lUipp wi h 1 
('f r:-; L l d i, 

ll 7 ' lo king 
l �, tcd o ·n r 

d 

Precision Ac Measurements 

�vur <l vi 

th 

fre­
wi h 

f t hi .  
·t 

C'urr nt,· eau 
tronix T p ) :... UJT•nt Pr .I a 

n 1. .. pl r .·uppli d wi h 1J, -P:... 
plurr-in . 

\Yith 1 . 1 -µV .· n i ivit ·h 
tt I u:-: 

that · ul l 
n.n r a. ur men ts 

n ha.n-
ll d l y � 

y 
-r .·p n.· rn usur 

R,esistance Measurements 

A.· arl i r, th 1 :.. u.·e · 

an u1 u�� �ll n th d of r :.·rn < n m • .  -

which all W:-5 t , 0 
8 up ;') ffi<' ol n1.· 
11 

u� ful ·n 

m a.·ur0m n . · n int gr.._ t 

'Nhcr, tl a. ph d \' llc g 
lin1· d o about r v It�. '1 h 

itl r lu -it will n :vur r :-;i.st.au 
up 2 111 .Q:oh1T1s with R maximUJ 1. of 

:... ,·ult.· ap ·Ii I U d \'i . .  J 1-\·ol 

Z 11 r Ii l i. thP input t nnil'.1' L· of 

h w ill prC'Yf'n an damngC' 
th ireuit un l r '• .·t fr m <c" ·i l nt al 

r< ng c11'tncrin of th D M. If a ;R 1770 
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M a y ,  1 9 6 8  

added h r <'e u r  

ma 
d i n  aut o-

m.at i  · 

h 1 2 -P2 au omat ic:ill and wi hout 
a ny x ternal eircuit ry.  \Vit h  t h  - P l 
pl u -i n ,  r �i · t  r u p  t m g lun.' 

an l m , . ur l, ·i t h  I d o-r dati n 
i n  ac urac3 . n c, 1 1  m a�ur 

oh1n , o ... . 0 m 

atalog ,Yumb r D , cription 
���������i--��������-

1 8 20-9700 
1 820-970 1 

1 8 20-960 1 
1 8 20-9602 
1 820-9603 

1 806-960 1 

1820 - A D i g ita l Vo ltmeter (no plug-in) 
Bench mod e l  
R a c k  mod el  
P lu g - ins q nd Ac cesso ri e s  
1820- P l  D C  M ultimeter/ U H F  Vo ltmeter 
1820- P2 AC/ DC M i ll l v o ltmeter 
T 8'20-PJ Differenti a l  Ada ptor 
(for use with 1 820- P I  or - P2 p l u g -in)I 
1806-P li Tee Connector 

. B . .\ L E K DJ 

$ 1 985.00 
1985 .00 

525 . 0 0  
5 5 0 . 0 0  

·901. 00 
4 0 . 00 

Detailed s p ec lfic atio m;; o n  t h e  1820 Di•gitQl l  Vo ltmerer a p pear  i n  General R adio Catalog T 

TH E U l·YE RSAL 

IMPEDAN CE B R I DG E  

EW FACE, 

N EW F EATU RES 

Type 1650-B 'I mpeda nc e Bridge.  

n '  of t h  ruly a 1 
ng with h 

i ,  th 

\·a­
b - f· r t he 

typ lil 
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l 6 

t h e[;]Exp rime:nt r 

l G.) . T 1 6!5 . wi h i L  wn 
and ha. t r p w "I' 
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r h c u ll l!) halt n :in 

1 0 
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i n  
t i rn 

3 .  
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n l L  
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f . . 
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Ct } . 
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\\' 
lOil 

\\' re-

r 

5 .  I m p r  \' cl in  e r n ·  1 < l e  n .  i ti v i  y 
f l l' I w-val uc r si . ·  or .. ' . 

fi .  P ro ri:�i  n fr r ·� of :_ n x 

ad • 1 ox tc , · "· . n 

ran {T 
7 .  .h 

t h ) u n k n  w n  a r m.  .· o  
capac1 r [l. b · d  

rna l  r -

t h  D 

u s  
h 

an b lnnce of in u ti  v r 

l j a ks an t rmi­
' u n k 1  < \V U  t rmina J , o 
u c,f h w f th 

t�. 

n t h a v  t 
·hort i n cr 

L\. . a nd 
1 Il 

ra n3 n r 

pow r a mow fr -

b ridg 

u ·  

rI CT 
th 

ur -

Eq uivalent-Ci rcuit Determin.ations 

1 1' U l  

m 

n C IF -

d t r m i n a t i  n 

Impedance Measu re ments on Batt.er ies 

r 
f a.  ba 

r b l  · ki n !  
bia · ja  · k  o 
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IN DUCT VE R 
A ... Ft A R · --• � & 

L d ?  R C • N & 

c 

M ay 1 968 

C A PAC I T I VE R 
R = � Ft"' .. R 8 

Fig ure 1 .  Dia g r a m s  s h o w i n g  us.e o f  t h e  'a c - re s i s l a n ce bridg·e to m a ke rea cti v e  b a l' a n c e s .  

p r  v n t th Oow of J arµ; n r rN l t., 
th r u h h ra li t  a r m  ( Fi.gu r  :... ) .  I 

a.  ·y to te l l  . · in < ' •· d-p l L t '  ( lm r -

C' l l'C Ul  
r l i  

men L 

J· - p L t. .  

. ·  apar 

T h  

n. f u n  t i  m of the 
ha r r . r j  h Hho rt-

F i g u re 2. C a p a c i l o r  
i n serted i n  b i a s  
j a c k  sto p s  f l o w  o f  
l a rge d e  curre n t s  
t h r o u g h t h ,e ll o w - r e -

1uoa.1a s i sta n c e·  r atii a  a r m . 

f t h  

h :r 
v"" .. 1 1  

"" ' '  = . 
R 'lC 

en i»  ' l  . (' l ll'' ( '  l r 

ffi fl.'U f'C-

T h i ,  t e  · h n i  l U<' i ,  

Yalm hl f J r  n 

p d a n  • , (f> . 
a. · u ri n  n .. ny low i m-

�i m p h' re g ulat d w r 

z,,. 

9 

2 z ,.. . 

��+��-t-�+-1-1 
2 4 1 4  

2 2 . 

::-uppli  a i  d Z n r di d ) with d 
\'ol t n irc p r0s n t .  

Inp ut Impeda nce of T r a nsistor Amp l i fiers 

a nd Other Active Circu its 

' I 'h J • :; - B  ean I u� t ' t  rm i n 

t h  i n p u t  i m pcda n  · f t m n �i 't ) I' a m p l i­

i ier.· nncl othc-r a · t i v  . · id  r 
t h t :  rapJ d u u  c r-f )Howe r · i r-

of J . igur : , a , ,  rl h '  UC in p u r:>­

i:-:i.t� uc I ·  nw .. :-;ur l t n f u nd t 

al u t  ..... ·o k i lohm: h u  t h  n u l l  

'h r , i 1  d i  a. i g u la rg; r a e t i \· 
1 c n ' 1 1 t .  a p ·w i t c  r in.se rt >d c' we <'n 

P P  A R :\I j a  k a n d  h i. m  ro v !-; 
bal:.tn<' . in ieat i n  t hu t h  m pu 

i m p  <lane i . '  in c l u ct i n ' .  F i n a l l  , n 

ur  n ' I  < lw :-.; • r i  "· in l ueta n('  ' h ridg<\ 

w i t h  rt h on u l l ,  y i t • ld .  , 1 i n � l t ·  n : :l 

val u of 1 .  H2 hc1 1  ry s a n d  .. Q f 
w hich c o r rc spo nd :  t.o a " 1·ip;:;; r ·.·· s t · l 
of 7 ;);) k i lohrns,  � w rc• 1 n g  ' ·i t h  t h  a •  rc•-

i;;i s t an m a:u re m n . E: n o w l  d l i ke' 

t. hi.- in val ua.hlc in ,x p l a i n i n rr .h 
l a "  r :u l t · ,,-h n thi . ·  m 1  l i-

W Y£ - TO ­
DEL TA 

T � AN SVORM 

4 92 H 7�� k 

16.SO 20 

SI w 
F ig u re 3 a ( ( l e ft ) .  B:ri d g e  c a n  be u s e d  to d e le r m i n e  i n p ut i m ped a n c e  o t  
tr a n sistor a m p l ifiers s u c h  o s  t h e  b o o ts tr a p pe d  e m i lter f o l l o w er s h o w n  
h ere . F i g 'u r e  3 b  (,rig h l ) . A redra w i n g  o f  t h e  c ir c u i l  o f  F i g ure 3 a ,  

16508 " s h o w ii ng w h y  l h e  i n pu t  a p pears i n ,d u cl i v e .  

1 7  
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1 8  

t e �xperimenter 

n 
h 

incorporat in a larg <·ir · m  
3 �how · w hy the ii  l k 

g neral 1 .·ir itor 
utp t v l tag from nn a i r-

em i t  wi h t n  ' i l l  0 n u r  

l i  ari 
a n  h 

drivi.n 

d 
t 

qui 

T h  i U  

d r d 
he a t i v  Cll"C l l l  

i r  m n w1 h m a. 
r and a comp u t  

h1.  
r - - - , 
I I 90------'-t 

h 

\' 1 on r 1 
\' n OY r-

with 

11 or or 
lit 1 

m aH-

( � rt r 
r l._" 'U of 

YC 

t-
ti  n a n  

o-����-...o--��....._- -e--�---�-o E 
lU0-21 

F i g ure 4. h-param eter e q u i v a le nt c i rc u it 
of a trans i stor. 

r 
m n t· ] r 
n l in  a r  

or.·,  t ) . 

. · i. tan 
1n n ll 

D .  R a v  n e r  

m p ha i z  the 

�h o m p u  cd 
· g r h· t 

d B  

\ i h 

a l so 

Stud ent Use o f  the Brid g e  

incl 
.·p rim nt · .  

atalog X u  mb r De. c-riplion Pri 
�������+--��������� 

1 650-9702 
1 650-9703 

1650-B I m pedanc e  Bridge 
Porta ble mod el 

-

,Rack mod e l  
$450. 00 

450.00 

Detai led specif ications on t n e  1650- B Impedance Brid g e  appear i n  G eneral Radio Cata lo g  T 
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M a y  1 968 

MORE COAXIAL CAPACITAN CE STAI DARDIS 

Th 
t n 

n 

rminul capn i­
. b 

or two­
. an l a r  . · n�inrr 

probl • m  h 

n \ • x-

a r  

an 
h 

1 R. \Y . Orr," Can i · nt'"r m l  rd with Preci. i n 
C nnector , " General Ro.dio E.xperim nt r, 'eptemb r 
l ,  7.  

Th u�e of 11 
t r f r b h 

m l  
U l  a ·it ·  n · · t ·  u ­

<l l l C l  , 

l 4 0 6  Series S andards 

h 1 f c._ p� • i ta.r r 
an · rli 

C a1 p a c i t a n c e  v a T 1u e s  a v o i l a ble i 1n  t h e  

1 40 5 ,  1 4 0 6, a n d  1 407 s e r i e !J  c o a x i a l  

c a p a c i t a n c e  s t a n d a r d s  

1 405 

l 406 

1 407 

Typ ciparilanc 

E 1 p f  
D 2 p F  
c 5 p f  

E 50 p f  
D 1 00 p f  
c 2 00 p f  
B 500 p F  
A 1 000 p f  

A 0.00 1 µ F  
B 0. 002 µ F  
c 0.005 µ F  
D 0. 0 1  µF 
E 0.02 µ F  
f 0.05 µf 
G 0. 1 µf 

1 9  
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20 

peri m e n te 

m nter' i n  l 1de 

tors. fr ni .:.') t 

n w add cl e\'e 

m. ·al l s fron1 

t h r  11: ,) uni " in "'" l u  

5 p li . 

Type 1 407 

ar 

7 tand a r  .· , 

. 1  µ . '  d 
of l 2 ,  and 

The TYP , 1 407 · pa i o r  con ,i.· f 

a �ih: r d-m- a n d  foi l · t a  · k w hich i · 

chtmped under hea\' .·p ri ng p r  . .  ·ure 

for m.cchan iC'a[ . tabilit  .,. , Thi.· i n t  rna l 

.ru t u · i · ·im.Bar t o  that u. ·  
GR T Y P 1,;  1 40 tandard 

'vhos · t a hi. lity h as h n proY n Y r 

t h  pa <l 'cad . 
Th n 1ca 

ti n Jae or. • hort 

connc t t h  
connector n1 u n  lat 
of the · a 'e re ·ulting i n  n inin1 u m  

ind u · tan c .  Th a l u m i n u m  a. i .  
·ca l cl , w i th a por p rov id for e. t i n  

th c a  e u nd r i.·acumn for l eak . a p­

uI  s of :::i l i c -a  g 1 in ·id he ca · p rovide 
con in uou · de. i ca ion .  

l i n g  t he lni ·a c pacit o r  i n  t h  
C c  · w i t h  ' d · i  · c ·  n t.  mak · i t  p . ib le 
1 Ibid. 

F ig ure 1 .  Capacite> '1c e- v s ­
freq u e n cy c haracteristi c s  o f  

r h e  1407 c a p a citors . 

to r d u  he i n  u lati ng mat ria l otb r 
t ha n  m · · , to a Inin im.un1 .  'f h o n l  

in::;ulu ion .x p m i  c. n d  ry air I S  
u T flon bead t h . R 00 con n · or 

p ra ir , n m 
to a m i n i m.um .  

f low-I . .  · rubb r 

h con n ctor.  

high l ual i  ty f 

i h l  to k p he 

I n  h . 1 -1-0 - ' rie i n t l' aci� I polar­

J za 1 n in th mica die l c n i.� a .· urc 
of en.pa · itan change wi t h  fr ' q ue n cy 

h I w r fr pien i . (;"' Figu r 1 ) .  

• r ful choic of a n  d rying of th n1i a 

an d t he l iminat ion of p t" " 11 a l l  

o h r in ulat ion k c p  hi , e ff  

0 
I "" 

0.01 

� 0.001 ... � 
z 
0 
� 0.0001 � .. "' 
0 

0.00001 

I 

�'"" 

100 r: l • Hr 

. .  

I 

I 

. . 

I i  I 

- ,., � 

! I � ,' j 
I '! 11 
v� �� ,,,'? i:� ... 

"��o�?�'� i/'.P/,:: , � (,f oo. 
�� 0-�" .. /o,..,. � - ""'�();-t=i=t ,, ' 
I 11111 I 

10 100 l MH% 
FREQUENC 

.. 
Jt 

F i g u re 2. D i s s ipati o n - f a ctor v s - freq u e n c y  
a cteri stic s  ·of  th e 1 4 07 capac ito.rs .  

·c h a r -
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n1rumurn 

1 

th 

qu n 1 
fr m 
condu tor 
t i  n f 

Typ e 1 40 5  

b u  
ff 

a u  

E a  h of t h  
inp n a 

(wi h 
din.me h 

a tit 

th r 
!Ve 

i i l l  a 
apac1 nc 

a 
pow r 

f kin ff 

T Y P E  

• c  io 

p r  por­

e fr -

v l ue i no gi 'T n f r h 

of he i ·tribu 

M a y  1 9 6 8  

1 -t .- b c a u  e 

of th  apac1-

capa i i·-· 
n of m < .  u r-

i n t  h e  u hf 

n� a. a 1 ' -

t rminatin r upp r 

an T t w  -p 

C a l i b ra tion C e rtificate 

calibra tion cer1 ifi u t uppli  d 

wit h a h apa itor E>iv th rnea ur d 
valu f 1 k Hz an he 

humidit n t  
. T h  lcu­

f th l1 i t  
1 l\IF i z ,  

r .  
d Th 

rim.min 

' - l u e .  A 

8.000 

7,000 

&.000 

5.000 

z.� 
F i g ure 3. Ca pacita n c e - v s-fre- z.� 
q u e ,n c y  c haracleris l i cs  of 1 40 5  z.ooo 

c a pa'cifors . 

1.500 

1.000 

I 

I 
I 

0 500 � 

I 

1405-C 
5p£ '""' 

--� 

1000 

I 
/ 

----..-' 

t ·  n ard 
kn wn to an 

I 

/ 

/ 
140� o __ 

2 oF ----� 
---r-

1405 - E -........_ 
I pF 

!500 2000 zsoo 
FREOUENCY t.'Hz 
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2 2  

the!;] Experime ter 

The . tahility of th . ca.pa. itunce 
tandard s  per m i t · the m o h  m.on i tor  d 

qui t conv n i  n tly a 1 k Hz t n1 k 
r ain t.hu change8 have no o curred 

O \' r ny of thP freq ucn ' ran(T . 'I'he 

v ry m a l l  capac> i t: nc hung � that 
may o c u r d ue to n rmal a.gin r \vi l l  b 

th a n  c a t  al l fr que rH'i '5. ha.nu ' in 
inc lu ·tan · a re mor ' . ·  riou at h hiah 

fr <l uen ci  s .  Tlw int rnal con ' ru · i n 
i.� v ry rugg<.'d , h o w • \· r a n  l a ny t r  a t­

nwn t  li k<> ly to aff ' i t h  in u · ' n c  d l l  
how u p  m; luw-frpq u 'ncy apa i tan · 

change.· or a.· oln·io u ' clan .. g � to the 

· pacitor. 
I Iigh-p n'C'i . · ion m a. ur 111 1 L can b 

nm.de r ad i i)r a t  1 k H z  u .· i n o· a n  of a 
n u m b r of  b ri l g  �, . u h UH t l  'T y p g  
I G'.20-A , w h i l  hiU"h-p rc•d:ion m<"a. · u re­

nu n t !'1  a l ::.\ I I Iz can be m ade a t,  only 
a f 'W p lac '.s out!-4id of � B � .  ep •at d 
rn asur n nh � t, 1 :\ I I Iz a re not n e ·-

a ry ow i n g to tht• l o w  i n d u e ti n c  a n  
t h  rugg d con · t ruc ti on of Uw standa rd . 

,h fa · tha t a ny e han re i n  i t .· 1 - .:\ I  IIz 
� paC' i ta n cc val u ' w i l l  h '  ace< n p a n icd 

hy a p rn i  ortion • t l C' h�  ng in i t ' 1 - k Hz 

·ap� citan< ' ' val u p r rn i t :  a :-.; � l n u u rd 
to hP T'\ B�-cal ihra f  Pd u t.  I -' l T i z ,  and 

h i� high-fn:•q u P n  ·y nll u  hPreaft< r 
can be 1nonitor l t y n1 a i  : of pe1·iod ic 
1 -k I I z  niea�· u r  n n t s .  

App lica tion Notes 

A ny op n C' o n n e e t o r ,  incl uding th 

C H.H  0, ha. ·  a fri ngi ng capuc i tan 

con.:i: ling of h e  t o tuJ � ray eupacik nee 

be tw n i t -;  t p n n i n a l .· . \Yh n a ca-
pa · i t or wi th  n.. a 9 con n  · tor i .  

uµlecl to un Uwr � H ._ 00 on an 
in:-; i ·u mcn t ,  all fri 1 gin · co.pa. i ta n cc 

i .  C' l i m i n a t cd .  '"l h j oi n  d onn r.:; a t 
as  a · t ra ight ' t ion of C( axi·  I l ine.  

ThP n t l 1 1  of cap .. C'i t un · cal i b ra ted 
for the stn.ndar i · the val u of th 

capac1 or up o th p r  
plan }J r v iclc l b its c nnc · t  r. 

rl h us of a H l  00 pr ci ·i n onne -
t r fm· th in�  rum n t r m i n a l s  p ro­

vid "' a p r  (' is  ly kn \Vn r fer n plane 

fo r thP i n . tru mcn a l  o. I in ernal 
capadtun ca n h d fin d a ,  th int  r­
nal capaci tanc up t 
p l a n  . I o w  ver an open on­

ne tor on an i n  · tru1n n t  ha · a frin gi ng 
capa<' itan b y n i t  r f rcn c  p la n  . 

\Vhen u capaci o r  \vi t h  a l{l  00 con­

nec to1· i:,; a<l to th >P n i n ot r u mcnt 
conn c l or, th n t in r •a in  apu •i­
t:1n q uul · th \·al u of t h  ca p cito11  

a . ·  in a!';ur d a i t.' r f r n c  p l ane 
m i n u. · th friugi n CT ·npn.c i t a n c  . f  t h  

nn tor.  This fringincT 

an h a n t icipated appro.· · ­
h 

apaci t or whos 
kn nYn I r c i:el at  it .' r f rPn · c plan 

Th . mall · pa ·i tanc of t h  1 --1 0.:>- E  

1-pF u n it , for xa n1pl < ' ,  p r  d<l � th 

111 •an.· fo r l i n1ina.ting a C l . tr 'l 'lv t h i ' ' " , 
frin · i 1  c•apac· itanc i n  th ini tial  � t-

tin of ·1 h ridg r f r s 
a ·e rat r f r nee pbn . 
u n i t  a l .' o  p rovid .., a l w- t p:. i t anre 
t r m i n a  i n1 fo r support i ng 

on<l uc tor of t h  900-LZ 
� i r  Lin " .  'I h :: air l i n  , al. o a r  

c rmina e l  ':v i th  a � l { l Q pr c1s10n 
con n  • t o r  and ean . n· a ,  c .u ra t  
c u 1  aeit ·1 :;; � n a rd � up t o  20 p F .  

B a u s  o f  t h e i r  w id· fr q u nry 
range and a · u 1  c b ... i h  - · l io n a l  

>f  , tundard for ca libra t ion  
a o v  k H z , t h  c ·  paci t un st a n -
dard · n. r  . 'PC' c cl to hE us d c h i  Oy 
a..-. · t a n  ard: f r he a,l ib rn. t i  on o f  

* T ho" fri nJ.tin� cr\paci tanc o f  a n  o pC'n , RflOO <" o n n  <' l o  
i O. J ;;r; 0.00 pF in lh usull.l e o vi ronmen o n  a hrini.r 
w i t h  no cond u c tor within ev ral i nche of the opF 
connector, and 0. 1 72 .± 0.008 pF with a 900-WO Open­
CfrcuiL Termination. 
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.... wo-term.inal b ridge. 
d an e-rn n. u n n o-

L n th r 
i n s  .rnn1 !ll l '"' .  

l ffi -
f 

cour�c. t h  n1 · n \" n 1en <- rra n CT  -

rn n t an<l the mo:s a e  u ra t nH [t .� u r 
n1. n t �  will :r - .  u l t  w hen a b ri ge 1." 
eq uipp d \Yi h a :l Rl 0 con n c t  or.  

T he n x h s thing i '  a p reC 1$1on 

adap or , an<l tw of t h  . hnY heen 
d . ignC'd sp cifi call for u .- wit h 

b ridge5. O n  th TYPE l · 1 .)- l '.... is ns d 

wiU t h  0 . 0 1 / , 1-k H z  Y P E  l G  1 .)-.\ 
apacitan e B ridge . _ rim n1 -r capaci­

tor i · included .·o t h< t th tenni nal 
capadtan C' a n  b ffec i Y  I v  l i 1ni­
na ecl fr n1 t h  m.ea�ur m.e t .  

M a y ,  1 9 6 8  

Th0 T Y P �  9 -Q.  Adap tor m.a t  s 
,,.1 h bindinO' p o. t: on 3 .{-in h spa c i n g ,  

u c h  a .' t hos n .  d n th :r l  7 1  () 
apa i a n C' ridg; - 1  with o t hc>r p o · s 

"·i th a t h n'ad o r  w ith tapp(•d 
holr� n a - o-1 -in h "paci nrr .  A m.ong 
t h  in ·u1y i u stru m n .� a c " n1n1 de t d 

are h Boonton Rad io Typ 2GOA Q 
_ I 0 t  r a n  .h , B n t  n I�_Je · ron1c · 

.:\ I odcl 7 i3 "apaei � n · '  B ri g . 

R R  
J .  Z O R ZY 

Bri f biogr·t ph i  � of  � I r .  O r r  :l n d  f r .  Zorzy 
apJ arcJ i n th Au rtvt If  GG E.rpcrim nler. � 

S P E C I F I CA T I O  S F O R  TYPE 1 407 

C a l i brat i o n :  A C' r t i ficu.L of alib ra ion i up­
pli ,<l wi  h •ad u n i t  iv-i n g  th men.s u red ca pac:i ­
tance a l k H z and at u. p i fied t mpera L i re .  
'T h i •  n w;t. ur1:d va l w�  is h rat ac · i  � tn <:  n t  t hr 
r<�fr rencP. J lane of the : IUIOO ·01 u11:<.:t o r .  T h i  
vuhw i .  oht uin •rl  by (' o m  � rison n :i prc>c·Lion 

> tt - 'r than ±'J .OO:J< l " i t h  work i ng t:1ndards 
v hi 1sP ab ol 11 ' v a  lu r k n  ) \\ n o an accu r�\ . ,. 

typit•t J l y ± . t ' , ,  d • term i ru•d und m: i n 1,;_d ni:�l 
] n  l t-rru. of referenc , t andard peri oJ i 1 ·a1 l y  
·a l i h nr  d hv th ' ::'\ ation:i l  B u r 'au uf , ' tau-

darcls. 
-

S t a b n i t y : Tlw c·npac-itan e hanu- i. less t h:in 
0 . 0 1 ( r per year. 
A c c u ra cy : \Y i thi n O.o - r-;. ,  n t  I kHz of he 
n< minal capt ci l' nee valu n1ark .tl l il th ' ca::; . 
T e m p er a t u re C o e ff i c i e n t  o f  C·apac i ta n c e : + 2  ± 
1 0 ppm ,,  het,\\ n 1 and 70" ' .  
D is s i p a t i o n  F a c to r :  50 X 1 0 --(l  typical ut 1 k H z  
a nd 23° (' . .\ l a x  v· l u  .-; given i n  ta.bl b l u w  · see 

Figu re 2 for D v:-; fr<>qt 1cncy.  :.\ [en.:;;ure 1 D at 1 
k H z  is stated i n ct·rt i lieat c l o  ·1 1 1  a t:  u racy uf 
±0.00005.  
S e r i e s  I n d u c ta n c e :  I n H  typ i c- a l .  
F re q u e n c y  C h a r a c ter i s t i c s :  �e" Fi tr . ·  1 a.nd 2. 
I n s u l a t i o n  R e s i s ta n ce : :\ finiu11.1 n1 1 Jf 5000 >h m­
fara<l8 or I 00 ( � � ? ,  \\ h i('hev �r  is t h • lc:s 'er, \\ h � · n  
m .  a u r  •d at 5 0 \" d · t1fter b,-u m i 1 1 u t cs • l  c;t r i­
f icu I ion . 
M a x  Vo Uag e :  - oo Y pk . 

A c c e s s o r i e s  A va i l a b l e :  .\dn1 tors l t a --P2 for 
convenience in ca l i h r a t i n p;  with t h  1 6 1 5-.\. 

'a.pa · ilatlf' • Bri d�<' and �lO O-Q�) for (·n . n n0d i ng 
1 107  to 1 ri n .  x 2, threaded ·tLHl ( , H �Ki ' 
B i n d i n g  P1 1:5t · or a p r  ed h• >l ' · 
Term i n a l :  U H � lOO prt>l• ision •t nLx i u l  l'ot n<'d < r .  

M o u n t i n g : .\ l u m i n u m  panel n n tl r-yl i 1 1 d ri< • ; 1  I c·as e .  
D i m e n s i o n s  ( d i a  x h t ) :  ; 1  x P 1 i n .  ( T i'  x 1 25 n u n ).  
W e ig li t :  • �cl , 1 1 4 l b  (0. ; kg ) ;  s h ippi1 w ·, -l l b  
( 1 .9 k g ) .  

C'r1f.alog .Y o m inal J l ax n at Price 
in r · �. 1 .Ya111b r Type 

1 d.07 -9700 1 4 07- A 
1 407- 970 1 1 4 07 - B  
1 407-970 2 1 407 - C  
1 407-97 0 3  1 4 0 7 - D 
1 407-97 0 4  1 40 7 - E  
1 407-9705 1 407- F 
1 407-9706 1 40 7 - G  

Co.pacita.nre 

0.00 1 u F  
0.002 µ F  
0.0 0 5  µ f  
0 .0 1  µ F  
0.02 µ f  
0.05 µ F  
0 . 1  µ F  

1 kll;: anrl 2.3°C 

0.0 0 0 3 0  
0.000 2 5  
0.0002 
0.0 0 0 2  
0 .0002 
0.0002 
0.00 0 2  

$ 8 5 . 0 0  
95 . 0 0 
95 . 0 0  
95 . 0 0  

1 00 .0 0  
1 1 5 . 0 0  
1 1 5 . 0 0  

D eh:lli l e d  S pe .; i fi c ali o n s  o n  t h e  T y p e  1 40 5  C o a ,c i •c:o l  C a p a c i t a n c e  S t a n d a r d s  a p p e a r  J ,n  
G e n e r a l  R a d i o  C a tv l o g  T 

ratrr.log 
V runbe r 

1 405 -9702 
1 405-970 1 
1 405-9700 

TyTJ.e -r&parita.nce . 1 c('lrrnry I '  ott.� 10% e l nA" rea._e 
.\·omino.l Pea.k + Fr('q 11pnry fo r 

---+---
1 40 5 - C  
1 40 5 - D 
1 40 5 - E 

5 p F  =0.0 1 0 p f  1 kV 0 . 7 5  GHz 
2 p f  ± 0.0 0 5  p F  1 kV 1 .0 G H z  
1 p f  ±0.00 5 - p f  3 k V  1 .7 G H z  

Pr ire 
in [' . l 

$ 5 5 . 0 0  
s s . o o  
5 5 . 0 0  

2 3  
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G E  A L  R A D I O  C O M P A N Y  
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  

SALES AN D SERV I CE 

Arn 
A l b u q u e rq ue 

* Bosto n 

C h icago 

Cleve l a n d  

B r i dge po r t  

* Da l l a s  

Dayton 

Denver  

De ro 1  

H o u st o n  

H u nt sv i l l e  

l n d 1a n a po l 1 s  

* L o s  A n g  l es 

M o n t re a l  

New H ve n 

N e w  York 

Orla n d o  

Ottaw 

P h i la e l p h i a  

S a n  Diego 

Sa n r a n c i sco 

Seatt l e 

Syracuse 

Toronto 

( 
( 

W s h i ngt o n / B a l t i more 

T elephone 
50 5 2 5 5 - 06 1 1 

1 7  646- 0 5 5 0 

3 1 2  9 9 2 - 0800 

2 1 6  886-0 1 5 0 

2 0 3  3 7 7 - 0 1 6 5 

2 1 4  M E 7 - 2 2 4 0  

5 1 3  4 3 4 - 69 7 9  

3 0  4 4 7 -9 2 2 5  

3 1 3  2 6 1 - 1 7 50 

7 1 3  6 2 2 - 7007 

205 883 - 2 0 7 7  

3 1  7 636-3907 

2 1 3 4 69 - 20 1 

5 1 4  7 3 7 - 3 6 7 3  

2 0 3  3 7 7 - 0 1 5 

Y) 2 1 2  964- 2 7 2 2  

J )  2 0 1 9 4 3 - 3 1 4 0 

30 5 4 2 5 - 4 6 7 1 

6 1 3  2 3 3 - 4 2 3 7  

2 1 5  646-8030 

7 1 4  2 3 2 - 2 7 2 7  

4 1 5  948-8233 

2 0 6  G L 4- 7 5 4 5  

3 1 5  4 5 4 - 9 3 2 3  

4 1 6  2 4 7 - 2 1 7 1  

30 1 946- 1 600 

• R e pa i r se rvrc s ;;i re va i la b l  a t  th ese off ices.  

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  6 0 3 4  Z L.i r l c h  3 4 ,  S w .t t z e r l a n d  

G E N E R A L  R A D I O  G M B H  
D B  M U n c li  n B O ,  \N e  t G r-rn n Y  

G E N E R A L  R A D I O  C O M PA N Y ( U . K . )  L I M I T E D  
B o u rn e  E n d  B u c l< l n  h a m  h i re ,  1E n g l a n d  

R E P R E S E N TA T 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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