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ACCURACY, PRECISION, AND CONVENIENCE 
FOR CAPACITANCE MEASUREMENTS 

'Ihe direct-r ading accuracy of 0.0 1 % 
in the n w TYPE 1615-A Capacitance 
Bridge here being int roduced is an im­
prov ment of an order of magnitude in 
accuracy over mo t pr ceding bridge . 
This ha been made po .. ible by the 
improvements introduced in recent years 
in tandard of absolute capacitance, in 
capacitance bridges, and in reference 
capacitors at the National Bureau of 
Standard 1 and other tandard labo­
ratories. The computabJ cro capacitor 
developed at the National Standards 
Laboratory of Australia by Thomp on 
and Lampard2 ha m ade it po. sible to 
determine the unit of capacitance with 
an accuracy that is n ow a fe, parts per 

m illion and which may be expected to 
improv . Th advantage of  ratio trans­
former and of tran form r ratio arms 
in bridges, exploit d init ially in Great 
Britain and then more fully in Aus ralia, 
have been utilized to increa e he pr -
cision of mea u rement and to extend the 
range to apacitance below 1 micro­
picofarad (1 0-18 farad). Furthermore, 
the r ference capacitor u ed to tore 
and transfer the capacitance unit have 

1}.L C. ;\IcGregor, J. F. Her h, R. D. Cutko ky, F. K. 
Harris, and F. R. Kotter," Tew apparatus at the National 
Bureau of tandards for ab olute capacitance mea ure­
ment," I RE Trans. on Instrtunentation, vol. 1-7, pp 
253-261; December, 1958. 

2A. I\l. Thompson, and D. G. Lampard, "A ew Theorem 
in Electrostatic and its Application to Calculable 

tandards of Capacitance," Nature, 177, 888 (1956). 

Fig u re 1 .  Panel view of t he Type 1 6 1 5 -A Capacitance Bridge. 
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been improved by the use of three­
terminal construction to minimize con­
nection error , which limit accuracy in 
capacitor of 1 000 pf or l ,3 and by the 
use of new construction methods low­
ternperature-coefficient material and 
sealed container to incr as the tabil­
ity. With thi new apparatu , the 
National Bureau of Standard can now 
certify capacitors to an accuracy of 
50 ppm or better. 

Many of th e impro ment have 
al o b en incorporated into the new 
TYP E  1Gl5-� Capacitance Bridge. Thi 
brid<r ha tran 'former ratio arm for 
accuracy and ta ility. It int rnal 
capa i ance standards ar three­
terminal ealed apacitor having low 
temperatur o ffi i nt . .  'I he bridge ha 
six-figur resolution for capa itan e fr01n 
1 µf to 1 pf and a dire t-reading ac­
cura y of 0 . 0 1  0 ov r thi apacitance 
range and over mo t of the frequency 

range from 100 cycles to 10 kc. The 
imp dance of th tran form r ratio arms 
ha b n kept very low, o that a curate 
three-terminal mea ur ment can be 
made even in the pr s nee of large 
capacitances to ground. The bridg al o 
has the nece sary internal shielding to 
p rmit one terminal of th unknown to 
be grounded so hat bo h two- rminal 
and hree-terrninal m a ·urement can be 
m d o r the whol apa itanc range. 

The balan e control ar l r-type 
svvi ches, the readout i digital, and 
th d cimal point is auto1natically 
po itioned. 

Thes features, and others des ribed 
below, r ult in a capa i an bridge 
that bring to he m a urem nt of 
capacitance, to he intercompari on of 

tandard , and to th n1 a ur ment of 
dielectric propertie an unusual deo-ree 
of ac uracy, prec1s10n, rano-e, and 
conv nience. 

TRANSF O RMER RAT I O  ARMS 

Many o f  the advantag of indudively 
coupled, or tran form r, ratio arms have b en 
known ince about 1 , and th y are cov r d 
in d tail in he 192 Briti h paten t of A. D. 
Blumlcin . Little u e wa made of them, how­
ever, until about the tirn of \i'liTorld \Var II, 
when n w applications ,,·er · found in the 
rnea:;iurement of v ry small capacitance. Sine 
that time, transform r ratio arm have become 
increa ingly popular in commercial bridg a 
well a in the apparatu of the national tand­
ard labora orie . 

The advantages of such ratio arms are that 
accuracie within a few parts per million are 
not difficult to obtain over a "ide rang of 
int gral values, even for ratios as high a 
1000 to 1, and that the e ratios are alma t 
unaffect d by age, t mperature, or voltage. 
The low impedanc of the tran former ratio 
arm al o makes it easy to m a. ure dire t 
impedance and to exclude the ground im­
p dances in a thre -terminal m a urern nt 
without the use of guard circuits and auxili ary 
balan . 

To illustrate the e characteristics, a simple 
capa itance bridge 'rvith tran former ratio 
arms i hown in Figure 2. On the toroidal core, 

aJ. F. Hersh, "A Close Look at Connection Errors in 
Capacitance ieasurements," Ge!l-eral Radio Experi­
menter, 33, 7, July, 1959. 

a primary ·winding, conne ted o the generator, 
erve only to exci e the core; th number of 

primary turn , NP, determines the load on the 
gen rator but do not influen e th bridge 
net\.York. If all the magneti flux i confined 
to the c re-a it is to a high legree in a m­
metrically wound toroid with a high-perme­
ability core-the ratio of the op n-circuit 
voltage induc din the wo e ·ondary windings 
mu be exa tly equal o the ratio of the 
numb r of turn . T:ae ratio ·an be hang d by 
the use of taps along the two econdarie , bu , 
when the number of turn is fixed, the voltage 
is highly invariant. hanges in the core perme­
abili y with time and t mperature hav only 

econd-ord r effect on th ratio, becau bey 
modify only the very rn JI amoun of 1 akage 
flux tba i not confined to th core in a pra tical 
tran former. The ratio i , therefore, both 
highly accurate and highly stable. 

In Figure 2, the two tran form r s condary 
winding are u ed a the ratio arm of the 
capacitan ·e bridge with the standard capac­
itor, CN, and the unknown, Cx, a the other 
two arm in a conv ntional four-arm bridge 
network. The ondi ion for balance or zero 
<let ctor urrent is easily hown to be that 
V C = VxCxorCx/CN = VN/ Vx = N/ x. 
Thi balanc c-ondi tion i not affected by the 
capacitance hown from the H and L terminal 
of CN and Cx to the terminal G conn cted to 
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figure 2. A capacitance bridge with 
tran5former ratio arm5. 

�he junction of the ratio arms. The capac­
itance· between L and G shunt the detector 
so tha they affeet only the bridge sensitivity'. 
The capacitanc s between H and G are aero 
the tran former windings. To the extent that 
tl�e transfo�mer a_n be assumed ideal, i.e., 
v.·1tb n_o re l tane m the secondary winding 
and with no �ux that does not link equall 
both e ondane , the current drawn by the 
H- capa itanc s does not change the voltages 
V N a;nd Vx or the balance conditions. In 
practice, the tran former resi tances and 
lea_kage ind�ctance can be kep . o small that 
quite low m1.pedan es or large capacitances 
can be conn ted from H to G before there is 
appreci'.1-ble �rror in the bridge. 

The Junction of the ratio arms G is there­
fo:r:e a guard point or guard pot�ntial in the 
bridge. All capacitan es to G from the H or L 
corner of the bridg are xel uded from the 
mea urem n t. In th three-terminal capacitors 
r pr nt�d by the H, L, G terminals in Figure 
�. the bndg mea ure only the diTec capac­
itance, Cx, of the unknown in terms of the 
direct capacitance, C '• of a standard without 
additional guard cir uit or balances. ' 

One can take advantag of the accurate and 
stable _ratios of he tran former by the use in 
the bndge of a tandard arn.1. which is fi 'ed 
and a ratio whi h can be varied to balance 
the bridge. 

Figu_re 3 ho!'· thre of the po ible ways of 
�alancmg_ a imple transformer-ratio capac-
1tan e _bndge. For simplicity the g nerator 
and prrmary are not shown, but it is assumed 
that the two e ondaries have 100 urns each 
and are x�ited. so tha there is 1 volt per turn. 
The capacit or in the unknovvn arm is assumed 
to be 72 pi ofarad . 

In Figure 3a, the two ratio arms are equal 

A U G U ST - SE P T E M B E R , 1 9 6 2  

and the bridge is balanced in the conventional 
way with a variabl standard capacitor which 
is adjusted to 72 pf . 

The dete tor current can equally well be 
adjusted by a variation in the voltage applied 
to a fixed standard capacitor. In Figure 3b 
the standard capacitor is fixed at 100 pf and 
this is balanced against the 72-pf unhiown 
connected to the 100-volt end of the trans­
former by conn ction of the tandard to 72 
vo�ts of the oppo ite phase, obtained from 
smta�le taps 0;1. the transformer windings. 
The mduct1ye d1vid r hown has a winding of 
100 turns with tap every 10 turns and on the 
same core, another winding of 10 turns' tapped 
every turn. If, a hoV\rn, the e ond .... ,-j ding is 
connected to the 70-vol t tap on he fir t wind­
ing and the capacitor to the 2-vol tap on the 
se ond windi!1g, th� requir d 72 volt i applied 
to tl_i� capacitor. 81x or mor decad s for high 
prec1s10n can be obtained in a imilar fashion 
with more turns on one core and the u e of 
additional cores driven from the fir t. Such 
inductive dividers have very ac urate and 
stable ratios, but th errors increase with the 
number of decade becau e of loading effe ts . 

. n�the:r: metho� o� balance by voltage 
vanat10n _is. hov.:n 1Il Fig�1re 3c, where a single 
decade divider 1s u ed m combination with 
multiple fixed apa itors. Th 100-turn ec­
ondary _ i  tapp d ev ry 10 turn to provide 
�0-volt increment . If, then, a 100-pf capa itor 
1s coI:!nected to the 70-volt tap and a 10-pf 
capacitor to the 20-volt tap, the re ulting 
d tector current balances that of the 72-pf 
unkno� co�e t.ed to 100 v?lt . This bridge 
can be given six-figure re olut10n, for example, 
through the use of six fixed capa itors in 
decade teps from 100 pf to 0.001 pf, ach of 
which can be connected to any one of the 
taps on the transfonner. 

In any of the e bridges, the Bridge ratio can 
al o be varied by u e of tap on the unknown 

ide of the transform r to vary the voltage 
applied to the unknown capacitor. For example, 
if the unknown capacitor were connected to a 
10-turn or 10-volt tap on the upper half of the 
transformer, then a capacitar ce of 720 pf 
instea_d of 72 would be balanced by the standard 
capacitors sho' n. Th range of the bridge can 
thu be extended to m a ur capacitors which 
are much larger than the standards in the 
bridge. 

IOOv roov 

0 
FIXED RATIO MULTIPLE DIVIDERS 

VARIASLE CAPACITORS SINGLE FIXED CAPACITOR 

IOOv 

c 
SINGLE OIVIOER 

MULTIPLE FIXED 

CAPACITORS 

Figure 3. Method5 of balancing capacitance 
in a transformer-ratio bridge. 
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These a.dvantag of ran former ratio arm 
and <livid rs make po sible a bridge of very 
wide range and high accuracy, ince not only 
are the ratios stabl and ac urate but, when 
only a few fixed capacitors are required as 
standard , he st nd rd can b constructed to 
have high stability and accuracy. This bridge 
can al o have a wide range of frequencies. At 
low fr quencies, a. limit i impo d on ·en­
sitivity by the maximum voltage obtuinabl 

from the transformer, since, for a given core, 
the voltage at saturation is proportional to 
frequency. At high freq u ncie ther is a de­
crea e in accuracy resulting from the d rease 
i n  core permeability with frequency, from the 
increased loading of the tran former by it 
self-capacitance as well a th bridge capac­
itances and, of course, from the usual residual 
capacitance and inductances in the bridge 
wiring and component . 

THE TYPE 1615-A CAPACITANCE BRIDGE 
CAPACITANCE 

The new TYPE 16 1 5-A Capacitance 
Bridge is a tran former-ratio bridge of 
the type hat u es a single decade of 
transformer voltage divi ion and mul­
tiple, fixed, standard capacitors to 
provide ix decades of re olution in 
capacitance. As hown in th lemen­
tary diagram of Figur 4, on ide of the 
secondary of the ratio tran former is 
tapped at interval of on -tenth, and to 
the e taps can be conn cted ix standard 
capacitors in any combination required 
to balance the bridg . If, for example, 
the tandards conne t d to the ix­
decade switch are 1000, 100, 10, 1, 0.1, 
and 0.01 pf, the rang of unknown that 
can be balanced i from 1000 pf to 0.001 
pf when the unknown i connected to the 
full voltage of th other econdary of 
the trans£ ormer. This unknown side of 
the tran former has, however, a tap at 
one-tenth of the full voltage, so that 
when the unknown i driven from thi 
lower voltage, the range i multipli d 
by t n, and an unknown up to 10,000 pf 
or 0.01 µf can b balanced by the same 
internal standard . The range is ex­
tended still further by further di vi ion 
of voltage on the unknown ide through 
a second tran former or inductive 
divider driven from the 0.1 tap on the 
ratio transformer. This second divider 
provid s additional ratios of 0.1 and 
0.01, so that, with the voltage applied 
to the unknown reduced to 0.01 and 
0.001, the bridge i given two more 
ranges of 0.1-µf and 1-µf maximum 
capacitance. 

To extend the range to smaller 

capacitance , two additional tandard 

are u ed, of 0.00 1 and 0.000 1 pf. Thi 

yields two more rang , 0.0001 pf to 

100 pf and 0.00001 pf to 10 pf. There 

are, th refor , eight tandard capacitor , 

only ix of which are u ed for any one 

range. The conn ctions of these capaci­

tor are made by the same range switch 
that selects the ransformer taps. 

With this o.mbination of eight in­

ternal tandard capacitor and four 

voltage ratio to "'lvhich the unknown 

can b connected, th capacitan e rang 

of the bridge extends from a maximum 

of 1.1 1 1,110 µf to a minimum tep of 
0.00001 pf or 10-ll µf. The capacitor 
and ratio u ed for each range are 

indicated in Figure 5. 

EXT STANDARD 

H L 
._ 6��itors 
..__J i -�:...-..:.: ·"'it 
,.._ ____ .J r-----H--

o.s..--------' 
'" 

-- ----- ----�� +------!>Af'<'-�r--�'----,�-.... 
-�� .,.._ _______ -� 0 4 decades 

0.001 
0.01 

D.I 

Fi gure 4. Ele mentary s c h e m a ti c  d i agra m 
of t he c a pa citance bridge. 
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i i i i i i l1o1f TO IOOOpf RANGE 

LOSS 

i I I 
100 pf RANGE 

To obtain a prec1s10n of six figures 
in the capacitance balance, the los 
balance mu t be made equally preci e. 
As shown in Figure 4, the los balance 
in this bridge can be made in terms of 
eith r the di sipation factor, D, or the 

hunt conductance, G, of the unknown. 
For mo t purposes, dissipation factor 
offers the greater range and convenience. 
Conductance i useful in some mea ure­
ments of dielectric materials and is 
neces ary when external tandard are 
added to the bridge and when the loss 
in the bridge tandards exceeds that of 
the capacitor being measured. 

Dissipation Factor 
The dissipation-factor balance i made 

by means of four resistance decades 

I I I 
I I I 

I : 
I I 
I I I I I I I I I I I I 
I . I I 
I I I I 
I I I I 

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

___________ _J J I I 

= �---= -_ =��jJ 
fi g u re 5. Capacitance balance c ontr ols. 

UNKNOWN 
H 

connected in rie with the common 
side of all the internal capacitance 
standard a shown in Figure 4. ince 
D = wRCr, where Cr is the total capac­
itance connected to the junction of the 
capacitor and resistor , the resistance 
decades can be calibrated to read D 
directly at a particular frequ ncy, in 
thi case at 1000 cp . With four decades 
of 100, 10, 1, and 0.1 ohms per step and 
with the total capacitance adjusted to 
0.001592 µf, the range of D at 1000 cps 
i from 0.01 to 0.000001. At other 
frequencies, the indicated D must b 
multiplied by the frequency in kilo­
cycles. To extend the range to higher 
D, additional capaci ors are added by a 
range switch to make Cr = 0.01592 µf 
for a maximum D of 0.1 and to make 
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CT = 0. 1592 µf for a m aximum D of 1. 
Thi apa itanc added betv;e n the 
resi tor and th tran former end of the 
detector does n ot change the capac­
itan ce balance . 

Alth ugh th bridg h as only four­
figu re resolution in -n thi preci ion i 
adequate for the six-figure capacitance 
balan e of capa itor ' ho e D i 0 . 0 1  
or le , since t h  mall di vi ion of 
the 0.01 ran ge of the D decades is one 
part per million. 

Conductance, G 
Balan ce of loss in the unknown in 

terms of hunt ondu an e, G, i 
provid d in hi bridg by the qui val -n 
of f our decades of onductan e in parallel 
with the internal capacitors, as shown 
figuratively in Fio-ure 4 .  The con­
ductance need d for the lo s in mo t 
capa itors i. small, orr ponding to 
re i tarice mu h gr ater t han a megohm ,  

that ordinary r e  i tance decades 
cannot be simply conn cted aero the 
capacitor . It i imple, how v r to u 
re i tan e d cade in a T n w ork to 
obtain a ariable conductan . With 
100-kilohm re i. tors as he serie arms 
and the ame four r-. i.·tance decade 
u .  ed for Das he shunt arm th range of 
G i from 0.1 µmho to 0.0000 1 µn1ho. Th 
conductance i reduc d by a fact or of 
ten wh n the network i witched to t h e  
0.1 tap on t h e  tran. form r instead of t o  
the ful l "·indino-, a n d  t h  rang is then 
from 0.0 1  to 0 . 0000 1 µmho. Wh n t he 
lo. in the ext rnal or i n tern al apacHors 
exc ed · hat f the unknown, th bridge 
must b abl to add lo .. to the un known . 
Wi h the conductance balanc of lo s, 

the T network can be readily 'Yit hed 
to the tap at fu l l or t nth volt age on the 
unkn own id of he bri dg to provide 
the Ram two ranges of condu ctance 
aero. s the unknown ( - G) a here are 
for conductanc aero he internal and 
external tandard ( + G). 

ACCURACY 

The accuracy of the bridge i d ter­
mined primarily by h accuracy of the 
tran form r rat io. and by the ac uracy 
of the internal andard capacitor . The 
ac u racy of the ratio depen d  upon the 
m agnitude of the ratio upon frequency, 

and upon the load connected to t he 
tran. fonner. The a ccuracy of the capaci­
tor , whi h d p nds ini ially upon he 
a u racy of the r f rence tandard with 
which they are alibrated, i usually 
limited subsequently by the change 
produc d b aging and by fluctuations 
in emperatur , pr u re, and h umidity. 
To achi v an accuracy of 0.01 0 in the 
bridg reading over a wide range of 
fr quen y and capacit ance and wit h out 
frequent recalibra ion, particular care 
h a  been taken in th con ru tion of 
t.he tran form rs and capacitors. 

Transformers 

Relatively low numbers of turns are 
used in the tran former to keep the 
leakage indu tance, tray apa it an e,  
an d r i t a n  e of th winding o mall 
that the ra io ac uracy remain high, 
even "ith loads greater than 1 µf and 
frequencie above 10 kc.  The e mall  
residual impedanc . make it po ible, 
for example, when a 1000-pf capacitor 
i being mea ured at 1000 qp. with un ity 
rat io, to load he t ra n  -former with as 
much as 1 µf of ground or cable capaci­
tance before t he rror in the m a ur d 
dire capacitan e ex d 0.0 1 . The 

mal l bridg indu tance are n ot insig­
nifi ant how ver wh n high capadt ance 
i measured a hi h frequency and he 
bridge error i. · then of he ord r of ( .f )2 . 
+0.002 C,,1 

lOOO 
, if no correction 

for the inductance i u ed. 
The accura y of the ratio ' hen the 

transformer i lightly loaded i b ter 
than 0.1 part p r million for th unity 
rati and i better than 2 ppm for the 
0 . 1  ratio at 1000 cp or l ower frequencies. 

www.americanradiohistory.com

www.americanradiohistory.com


The \vinding act a a 
load a fr qu n incr t h  t he 
error in th 0.1 ratio in r a o ab ut 
20 ppm a 10 k and to 0.2 a 100 kc. 
When he auxiliary tran f rm r i · oN.­
nected for ratio f 0.01 and 0. 01, h 
ratio error ar in r a d by the 1 ading 
effe t of th input imp dan of the 
auxiliary tran f rm r. Th error an, 
how v r t a larg xt nt b liminat d 
by comp n ·a ing impedanc s, and the 
0.01 and 0.001 ratio in th bridg are 
adj u t d o within ±20 ppm in he 
frequ ncy rang bel ' 10 kc. The pha e 
error ar , in g neral, omewhat larger 
than th I agnitu}le error of the ratio . 
At 1 00 p , h pha rror i probably 
withi ± 10 µradian , but h error 
in r-a in approxi1na e proportion to 
ra io and to th quare of frequency. 

Capacitors 

Th internal standard capa itor are 
con t rue ed to ha ve uch mall change 
with tim temperature and environ­
ment that th ini ial calibra ion ·o 
±0.01 0 may be xpected to hang 1 s 
than 0 . 01 0 p r ar in normal use. The 
t mp r ure ·oeffi ient · of the 1000-
100-, and 10-pf unit , which ar Invar 
multiple-plate capa itor , are les than 
5 pp1n/°C; the o fficient of he In var 
Zi ·hncr-type 1 -, 0.1-, and 0.01-pf uni 
and of the cyl indrical 0.001- and 0.0001-
pf init ar le than 20 ppm/0 • 

For almo t z ro change of capa i­
tanc ' ith atm heric pr ure and 
hum.idity all but the two smalle t a­
pacitor · are h rm ically . 1 d an 
atmosphere of dry nitro en. Thi 
is nee sary where stability of 

han 0 . 01 0 i. expe ted , b 
an un. al d apa itor th 

hano-e about 2 ppm for 
chan<Te in relativ humidity; henc 
50 0 change in humidi y prod l a 
0.01 0 change in ·apacit nc . And th 
pre ure change, for , ample, r ulting 
from moving the capacitor from the 

AUGUST-SEPTEMBER, 1962 

n ar-s a�level a ltitude of Wa hing on, 
. to the more than 5000-ft al itud 

of Boulder, olorado pr due a apa i­
tance decrease of about 0.01 C· 

To minimize long-t rm drift, all metal 
part of h capa i or ar In.var to 
avoid differen ial re and h ar 
annealed and t mp ratur -cy 1 d to 
relie' e strains and to ace 1 rat the 
initial aging. 

Th bridg an b ali rat d quickly 
and a urat ly by the mea urem n of a 

ingle calibrat d xt rnal tandard ca­
pacitor of alm an ' ize within the 
rang- of th bridg . in th ix-figure 
re olu ion of the bridg permit om­
pari on with a pr i ion b t ter than 
0.01 0 down 1 pf1 h ac uracy of 
calibr ti n i u ually d tcnnined by the 
accuracy of he tar dard. Only one 

x rn al tandard mo t onveniently a 
thr -terminal 1 0 0-pf tandard * 1s 
required b au e th ac ura e, internal 
0.1 ran f rm r ra·io can be u d to 

urat rat io of the internal 
apa itan andard . A -1 po ition on 

each capa itan e l wit h connects 
the corr ponding in rnal capacitor to 
the 0.1 tap on he unkn '"n id f he 
trar f rm r. Thi apa i or can be 
compar d \\ith the I xt d chde capaci­
tor, \Yhich i onne ted to th maximum 
voltage on th andard ide when the 
adjacen lev r i t on h x po ition, 
and any adju tmen r quired can be 
made wi h trimm r ibl beneath 
a liding over on th bridge panel. 

u ch h k or r calibra ion of the 
bridg need not be j made often. 

Loss 

1 hough the ac ura y f the m a ure­
of lo i not important in the 

m a urem n of m n apa it or.', the 
TYPJ<� 1615-A apacitanc Bridg m ke 
po.·Rible mea urement of di .·ipation 
fa tor t o an a cura y "·hi h x · ds 
*The TYPE 1404 Reference Standard Capacitors ari> 
recommended. These will be described in a. sub equen1 
issue. 
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G E N E R A L  R ADI O E X P E R IM E N T E R  

that of most capacitance bri dge . This 
a u racy of ( ±0 . 1 % + 1 ppn-1) of t h  
m a u r  d ' alue i applicabl over t h  
whole D range and over nearly all the 
capaci ta nce a n d  freq l ncy rang . At 
lo\v fr qu nci and inall  apa itan 
th a ur y wil l  b l i m it d by th re­
duced · n it ivity of h bridge . At high 
fr quen cies and at rat i  oth r than 
u n it r, the pha - rror of th tran form­
er. will r du e th accuracy . v ithin 
thes ext r me , the accurac of th D 
reading i det nnin d by he re i tanc 
de ad , whi h are adj u ted wi thin 
±0.05 0, and by t h  t tal capacitan ce 
connected to the decad ,,-h i  h is 
trimmed to adj u th D r ad ing to 
withiI ±0. 1 % \Yh n a tandard of 
known D is m a ured. 

The lo. s mea u rc nient in term of 
shun conduc ance G, i l inuted o an 

ura y of ± ( 1  0 + 0 . 0000 1 µm ho) by 
c ir cy of the 1 00-kilohm re i. tor 

used in  the T network . I igh r a ur y 
i l dom need d .  I t  \V uld no o n l  r add 
to th o t but woul d  al o require 
corrections to th bridg G reading. 
The, e corre c t ion , amoun t ing to a 
maximum of 2% ar du o t h  non­
lin ar r lation b w n th d ade re­
si tance an d the equivalen t conductance 
of he nc work. 

Th lo mea. u r  d b th bridge a 
either D or G i. h lo of the unknmvn 
capac i t or relat ive to the loss of th 
i n te rnal t.an dard . Sin e th bridg 
capa itor ar carefully clean d and 

al d in dry ni r g n, it i e t imatcd 
that th ir di , ipat ion fac t or doe no 
exceed a f mv part per rn.i l l io n .  The 
ac cu racy of ab olut lo, . m a ur d b 
the bridg th r f r , the ame as 
that of t h  rela ive to the bridge 
capacitors. 

CONVEN IENCE 

R e a d out and B a l ance ( R  fer to Fi gure 1 . ) 

Pa experience lead. man of u to 
pictu re a bridg of Y ry hio-h precision 

and accurac a a ma ive but deli  a 
laboratory in · t run1en t whi h \Yb n 
han dl ed \Yi th con id -rabl ar oddling 
and 01n u n ni ng , ma ri l d  an ac­
curat value for capacitan c  only aft r 
th applicat ion of nurn.erou orre ti n . 
The TYPE 1 6 1 5- apa itan ridge 
in no way fi thi pi tur . The mod rate 
ize and weigh of thi bridg permit it 

to be mov d abou the l abora r \Yith 
ease, and the bridge i uffi i n 1 � ruo·o- d 
t o  b t ran p rt d i nt o the field h ould 
it ac u racy b requ ired ther- . I i 
ea. y o ba lance ea y o r ad, 1 d th 
r adi1 g i ac u rate >vi h u t  corre ions .  

A f a u r  ,,�hi  h on tribut e  mu h to 
the ea of balance and of readin o- i. t h  
use o f  lever o r  l inear rath-r han r t ary 
swit he for th de ade . Th mall 
p n 1 pa o upi d b h e w i t he 
make it po ibl to po it ion th six 
d cade and ran ge swit h for apac­
itan e an d h four d ad and ran o-e 

witch for lo . · \\- i thin h pan of the 
operator' righ t and 1 ft hand , re­
spe tively. The h ro w  of the "it he 
i abou thr h , o th 1 2-po it. ion 
rang of any d an b over d \Yith 
onl a lio-ht motion of hand or finger. 

The po i t ion of ach d cade i in­
dicated by a number app aring in the 
,,-indow above a h lev r .  The brido-e 

apa i an r ad ut hu app ar i n  he 
conv n ient form. of , ix clo ly-spa d 
digi t s  i n  a horizontal l ine a n d  h D 
or G read ut a. a in i lar l ine f f ur 
di it . \.. th 1 v r at the ri o·ht i. moved 
to change capacitanc range , t he de i­
mal point i au 01nat icall  po. itio1wd 
in th ix-fi o-ure r ad ut t o  indi at 
without n1.u lt ip li r. h capacit ance? in 
p i  fa rad from maximum of 1 , 1 1 1 , 1 1 0 
pf to a 1n1n 1mum of 0 . 0000 1 pf . The 
1 v r 01 th 1 ft im i l arl mo the 
d ci1n a l  point >Y h n t h  D ran ge i 

hano-ed o i n d icat e dire t ly the di -
ipat io1 1  factor.  ThP decimal point is 

al o positioned aut omat ically to r ad 
conductanc in mi romho , but in G 
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mu t be mul  iplied by the factor M thi 
factor i indicated in orang engraving 
adja nt to a h po. i ion of the c MAX 
rang- wit h 1 ver . Thi mul ip lier is 
r quired only for G and �or external 
standards and th orange color i.., u ed 
on he pan 1 to indi at all quantiti 
to whi h M mu t b appli d .  

Bridge o f  high pre i ion are oft n 
reput d to be bridg whi h are not 
ea ily balan ed . In  pite of it wide 
range and high preci ion , the TYPE 
1 6 1 5-A Capacitance Bridge can often 
b balan d with mor ea e and p ed 
thar bridge of lmY r rang and ac­
curacy. For xampl , wh n e en the 
approximate magnitude of a capa itor 
is not known , a rou O'h balance can be 
made quickly on this bridge by the use 
of the maximum capa itance rang , 
so hat the ix de ad over th r ng 
from 1 µf to 1 pf and h i le r can 
be tri d in quick succes ion to determine 
the balance point wi bout a change in 
rano- . The -1 po ition on ach of the 
capa itance decade , which wa 
tio1 d above a u ful in  th 
c libration of th bridge, al o fa i l itate. 
balance in the region near any zero by 
permitting a trial reduction of bridge 
capa itance by one t p in a d ade 
wi hou the nece ity of movin g the 
adj acent lev r. 

Connection of Unknown 
The convenience of the balan.ce con­

trols is ma ched by the convenience 
with whi h variou t p of capaci or 
can b conn cted to th bridg for 
measurem nt.  Two types of conn ctor 
for the unknow1 capacitor are pro­
vided at the upper right corn r of the 
bridge panel : a pair of TYPE 7 4 axial 
Conne tors and a set of hree T PE 93 
Binding Po t "\Yi th tandard �-in h 
spacing. For thr -tenninal Inea ure­
ments ·with complete shielding, as is 
required particularly for v r mall 
capacitance, thr e-terminal capa itors, 
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such as the TYPE 1403 tandard Air 
C pa itor and T PE 1422-CD Pre i ion 
Capa itor an b onnected "-ith o xi.al 
cabl to th coaxial bridg terminal . 
Capacitors having other common types 
of coaxial connector can al ·o be con­

n t d to th bridge terminal by the 
us of the appropria TYPE 874-Q 
Adaptor . Capa i or , uch a th TYPE 
140 1  and TYPE 1 409 tandard Capac­
i or vYhich ha e TYPE 274 Plugs as 
terminals , can be plugged in o the jack­
top binding po t . The binding po ts 
can al o be u ed for the onn t i  on of 
pa h cord and 1 ad of man typ 

The appropriate t of unknown 
terminals is onn c ed to he bridge 
(and the unu d terrn.ili.als di conn cted) 
by means of a four-position terminal 

wit h loca d next to the e terminal . 
A thi wit h i mov d o change 
terminal , it al o sho' -s he corr p n d­
ing changes of connec ions and grounds 
in the sini.ple circuit ' hi.ch i engra"\ ed 
on the pan 1 .  Thi impl cir uit 
diagram doe not replace h operating 
in truction manual, but it d e rve 
even the con tant u r a a u ful an d 
ever-present reminder of he ircuit 
which i in u se and of the po sible 

our e of m a urem nt or connection 
error. 

vVh n he t rminal swit h i t Ill 
the po it ion mar ked A L ,  th L or 
d tector ide of al l  the errninals IS 
disconne  t e d .  Thi permits a he k or 

elf- a libra ion of the bridge capacitors 
at any t i 1  :i \Yi.t hou h n d for di -
conn cting he unl no·w n .  

Three-T ermina/ 
In he nex po ition , marked 3 TERM, 

the oaxial 'I YPE 74 unknown ter­
minal ar onn t d to the bridge, 
\\-ith h L terminal conn c d to he 
d t ctor and the H terminal o the 
tran former. The shields of the con­
n ctor and all ground points on the 
bridge are conn cted to th guard point, 

1 1 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  

so that all capa itan ce to the hi  Id or 
to ground ar xclud d from th dire 
·apacitance between H and L m a ur d 

by the bridge . 
Th third po i ion of the 

mark d 3 'l'ERMI AL, connect to 
bridg the H, L, and G n binding po t 
in tead of the coaxial terminals. The 
H po t i connected to the ran -former, 
the L po t to the d te tor, and the 
GND po t to the ra former midp int 
and brido- ground. A in the oaxial 
three-t rminal mea ure1nent, the bridg 
mea ure only th dir ct capacitan ce 
b tween the H and L po t and exclude · 

capaci ances from H or L to any G n or 
guard point.  The open binding po t 
ha e a direct capacitance of about 0 . 2  
pf, \Vhich must u uall y  b e  mea ured and 

1 2  

ubtr t d from the value measured 
when a capacitor i conn cted . The 
bridg an , of cour , mea u re hi mall 
t rminal capacitance, as well a th 
of any lead con r cted b tween ter­
minal n d  apacitor. 

Two- Terminal 
The fourth po ition of the switch 

mark d 2 TERMINA , de erve p ial  
a t ntion be au of th important 
chang it make in bridge connection 
an d bridge mea urement . The bridge i 
again connected to the bindin g-po t 
terminals with the H po t onnected to 
th transformer, but the L and G D 
po 't are now conne ted together and o 
the bridg case and panel and to any 
ext rnal ground used. The bridg no\\ 
mea ur all capa itan b tw en the H 
terminal and L or GND , in luding t ray 
capacitance from post and lead to the 
panel and other environment.  These are 
the apacitanc m a ur d by the com­
mon wo- ermin al capacitance bridg , o 
tha i i po ible to duplicate ' i h h 
n w TYPE 1 6 1 5-A Capa itan e Bridg 
th mea urem nt of two- rminal p 
itor obtain d .,, ith old r bridg s, u c h  
as t he TYPE 7 1 6-C Capacitance Bridge . 

In principle, his chang of the 
inh r ntly thr -t rrninal  tran form r 
bridg o tw -t rminal p ration i 
mad a h wn in Figur 4 ;  th grour d 
point i imply wi h d from the enter 
of  th transform r arm to the j u n  ion 
of he tandard nd u n kn m  n capa -
itors, thereby grounding one side of 
the unknown . In pra i e ,  thi chang 
i complicated by the f ac tha the 

en er of h ran form.er whi h i th 
guard point to '''hi. h th bridge hi ld 

r c nn t d i the1 d to th 
high-impedanc id 
instead of to gr011nd . To preven t error 
voltag from entering t he detector, all  
th wires and bridg shields conn c d 

o th high id of the detec or mu t be 
encl ed by a grou nded hield. To 
pr vid thi r ra hi l ding for wo­
t rrninal m. a ur m nt the bridg com­
por en are enclo d in an inn r hi ld 
box which i enclo d by but in ul d 
from he ou r box and pan 1, and t he 
primary of the main ra io transfor1ner 
is also enclosed in two separ te shields. 
Extern a l  Stand a rds 
Range Ex tension 

Th u ful n  f th bridge is fur her 
ir r a d y the provi ion on th bridge 
panel of a pair of erminal to p rmit 
the connection of an ex rnal tandard 
capaci or or r- i tor to u p p lemen or 
r place t he tandard in the bridge . 
Thi pair of coaxial TYPE 874 Con­
n tor , 1 ated o he 1 f of the coaxial 
p ir for h u n kno' n ha the L tern1inal 
connect d to th L terminal of the u n­
known and he H t rminal connect- d o 
th tandar id of the tra f rm.er 
through a rotary \" itch, by m an of 
which any of the ten tep of oltag 
from. the tran. form r an b appli d to 
the xt rnal andard . This rot ary 

'vitch , \" i h it digi al r adout t hrough 
a wind , provid a v nth decade of 
capa itan e or a fifth of conductan e 
who magni u d  i de ermin d by the· 
external tand rd cho en . For example, 
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th capa itance rancr can be ext nded 
to 1 "1 µf b th con ne tion of an xt rnal 

tandard f 0 . 0 1  µf. vVi h th 
range lever ct  a t he 1 µf ma. imum, 
the rotary d ad , th n provid a 
balance control of 1 µf per st p and h 
1 r ' i h xt nd h balan rang 

ix mor de ad .� from 0 . 1  µf through 
1 pf p r . t p .  

Accuracy Ex tension 
Sin bo h h u nk nown and 

tan dard capa itor an b conn 
to a wide range f accurate ran former 
ra 10 , a con1pari on of ex ernal capac­
itor can be made with an accura 
even high r than that of th dire t 
bridg reading ; and t he ratio an be 
chosen so ha the magnitud of th 
external capacitor do n ot have to be 
de ad multipl . For examp l  uppo e 
a tandard apacitor of 1 000 pf i 
available with a calibration a u ra 
h igh r than 0 . 0 1  % .  T hi ac u r  an 
be tran ferred to a capa itor of 
5000 pf by connecting that capa i or to 
th appropriate u n known terminal and 
th 1 000-pf tandard to the external 
stan dard terminal . \iVh n th r ar 
decade switch for the extern a l  standard 
i et to 0 .  5 and t he c MAX lever to th 
0.0 1-µf po ition (where M = 1 0) , th 
e t rnal standard i eff c ively mu lti­
pli d by 5 to balanc th unknown . 

mal l  diff r n between t h  ext rnal 
capacitor an , of our e, be balan d 
with he bridge capacitance and on­
ductance decade and any small  errors 
in th bridcr r ading of the difference 
are in ign ifi ant in the compari on 
mea ure men t a long a th diff r n 
is a mal l  perc i tag f th to al 
capa itance. 

Resolution Ex tension 
r lutio n ,  as wel l  as a 
bridge can be extended 

• escribed el ewhere in this issue. 

uracy, 
by th 

5 • E. ander on, " A  Tuned Am plifier and Null Detector 
with One- ::\ I i c roYolt ensi tivity , "  General Radio Experi­
menter, 35, 7, July, 1961. 
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u e of an xt rnal andard capacitor. 
It ha already b n n t d above t hat 
th external  tandard and it d cade 

witch add a venth decade , whi h an 
ha e incremen either larger r maller 
than tho f the ix lever de ades . 
Ev n h igh r r olution i po ible ' hen , 
for example,  wo 1 000-pf x t  rnal apac­
itor are compar d ,  be au h ridge 
d cade can b used to m. a ur a 

a mall  a 0.0000 1 pf or 1 
part i n  1 08 i n  thi example . U able 
re olution of 0 . 1 ppm i not hard to 
obtain wi h he reco1nmend d TYPE 
1 232-A N ul l  e t  _ t r, but high r r olu­
tion u uall require pe ial d t 

GENERATO R A N D  DETECTOR 

The fact hat the in trum n on ains 
n ith r g n rator nor d te tor may not 
s em a conv ni  n e to t he oc a ional 
u er of the TYPE 1 6 1 5-A Capaci ance 
Bridge, but it i oft n an n gi n  ering 
and economic advantage . A g n rator 
and a d  tector in eparate package an 
be b t r elect d or modified to fi th 
many uses of t he bridg over it wide 
range of capa itance and frequen . For 
mo t of the use and m ost of th range, 
th recomm n ded gen rator i th n ' 
TYPE 1 3 1 1 -A Audio cil lator4 and he 
r ommend d dete or i the TYPE 
1 232-A Tuned Amplifier and ull  De­
te tor. 5  A complete y tern for capac­
itanc mea u remen on i ting of the 
bridg and t he re omn1ended gen ra tor 
and d t 

· 

available a the TYPE 
1 20-A p i tan -1\1 a u ring As-
sem bly, i l lu ra d o n  pag 1 4 .  

- J . F. H rsh 
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Th TYPE 1 6 1 5- apacitance Bridge wa 
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ing to t he final de ign are R. . Sod rman 

dmini t rative Engineer ; G .  . 1 mow '. 
De ign Engineer ; G .  C. Ol i ver, De ign Drafts­
ma n ; \V . H .  H iggin botham, Produc ion n gi­
n er, and W. . Cooper, \.s i tant T st 

ngineer. 
- EDITOR 
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SPECI FICATI O N S  
Capacita n c e  R a n g e  ( 6 ra n g e s ) : 1 0 -11 to 1 0 -6 

farads ( 1 0  µpf to l µf ) ,  dir ct re d i n g ;  6- figure 
re olutio n ,  mall t idi vi ion 1 0 -11 farad . 

Di s s i pati o n - F a ct o r  R a n g e  ( 3  ra n g e s ) : 0.00000 1 
to 1 at 1 kc,  d i r  c· r ading .  D i r  t ly pro­
portion al to freq u ncy at o th r frequencic 
Four-figm:.e reso l u tio n ; smallest divi sio11 , 
0.00000 1 .  

C o n d u cta nce R a n g e  (2 r a n g e s  + ;  2 ra n g e s  - ) : 
1 0 -s µmho to 100 µmho ; -4-figure resol ution, 
smallest division lo-s µmh o ;  independent of 
freq uency ; varies with C range. 

A c c urac y: 
Capa.citance - dfrect reading, i·nternat sta ndard, 

±0.0 1 %, ex p t at the extreme of the range. 
At high capa itance and high frequen cy, rror 

is + 0.002 % Cµf ( 1600) 2

. 
At low capaci tance 

and low frequency, accuracy may be limi ted by 
bridge sensitivity . 

Capacitance - comparison with external stand­
ard, app r ximately 1 ppm. 

Type 

Dissi71ation factor, ± (0. 1 % + 10 ppm) of 
mea. · u red val u e. 

Conductance, ± ( 1 % + 0. 0000 1 µmbo ) .  
Fre q u e ncy Ra n g e :  Approximately 1 00 cycl s 

to 1 0 kc.  
T e m perature C o effi c i ents o f  I nternal  St a n d a r d s :  

Less han 5 ppm/° C fo r t h e  1 000-, 1 00-, and 
1 0-pf u n i  ; sl ightly greater for the smaller 
c ·  paci tance u nits. 

M a x i m u m  V o ltage:  20 volts at 1 kc. Propor­
tional to frequ ency. 

A c c e s s ories R e q u i red:  Generator and detec to r ;  
the TYPE 1 3 1 1 - A  Audio scillato r and the 
TYPE 1 232-A Tuned mplifier and ull De­
te t r are re omm nded.  

A c c e s s o r i e s  S u p pl i e d :  TYPE 874-vVO Open­
Circuit Termination, T Y PE 87 4-R22 Patch 
Cord, and TYPE 274-N L Patch ord . 

D i m e n s i o n s :  \Vidth 19, h i ght l O Y2, d p h 
1 2 %'  inches (485 by 270 by 325 mm ) ,  over-all. 

N et Weig ht: 3872 pounds ( 1 7 . 5  kg) . 

Code Word Pri e 

1 6 1 5 - A M  Capacita n c e  Bri d g e, B e n c h  M o del . . . . . . .  . ATTIC 
BALMY 

$ 1 475.00 
1 4.75 .00 1 6 1 5 - A R  Ca p a c ita nce Bri d g e, Ca b i n et M o d e l . . . . .  . 

U.S. Patent �o. 2.54 .457. 

TYPE 1 620 -A 

CA PACITA N C E -

M EAS U R I N G 

ASS EM B LY 

The TYPE 1 6 20-A Capacitance-Meas­
uring As embly con i ts of the TYPE 
1615-AM Capacitance Bridge with the 

TYPE 1 3 1 1 -A Audi o il lator and the 
TYPE 1 232-A Tuned Amplifier and Null 
Detector, thus providing a complete 
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sy tern for the pre i m a ur m nt of 
capacitan ov r th rang of 1 0  µpf to 
1 µf ( l 0-17 to I 0-6 farad ) . r q u  n cy 
rang i appro, imat ly 50 cp t o  1 0  kc. 
Th . ·yst �rn h" uffi 'i  n n ·iti ity to 
r aliz th fu l l  ·ix-p la e r olution of the 
bridg for all m a u remen t  ex ept for 
very m.all apa itances at the lower 
fr que n i 

Type 

A U G U S T - S E P T E M B E R , 1 9 6 2  

Os i llat r an<;l d tector are mount d 
side b ·ide a h ' n in t h  photograph .  
T h  nd fram a 1  b 1 e d  together to 
make a rigid a mbly -v ithout t h  u e 
of a r lay ra k. Connection cabl 
are uppli d .  

Th o ill tor operates from he 
powcr line, the d e tor from i n ternal 
batt rie . 

Corle l!Vord Price 
1 620-A I Capacitance -M easuring A s s e m b l y  . . . . . . . . . . . . . . .  . O RBIT I $2080.00 

H I G H  PERFORMAN CE, LOW- COST 

AU D I O  OSC I LLATOR 

W ITH SOLI D-STATE C I RCU ITRY 

Modern olid- tate ir  uitry i u d 
in the n w TYPE 1 3 1 1 -A udio ·il l  tor 
to produ ce a self-contain d,  con�pa t, 
in exp n i ve in trum n ' · i  h many de­
sirable features. Among th ar high­
power output in to a 'vide ran g  o f  load 

imp dances, low-di tortion even w hen 
the load imp <lan e i hort-circuit d, 
exce ll nt stabili  y,  low n oi e, and very 
small size . 

The TYPE 1 3 1 1 - Audio Oscil l ator 
upplie po"· r a el v n cornn1only u .  ed 

F i g u re L P a n e l  V i e w  of the T y pe 1 3 1 1 - A A u d i o  O s c i l lator. 

1 5  
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1 6  

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

Vi 

! I ii  ' JO _,-'' ',...._ ,,''"' 
§ , ,,  , , 
ffi MAXIMUM OUTPUT SWITCH � SETT I NG (VOLTS OPEN C I RCUIT) 

Fi g u re 2. T h e  output  tra n s ­
former a l l o w s  m at c h i n g  a 
w i d e  ra n g e  of l o a d  i m ped ­
a n ce s .  Data were t a k e n  al 
1 kc, but are representative 
of  perfo r m a n c e  at  al l  fre -

� Q JL__.__._....__,_L.J...u.L____.___._...L...L.....L..L..1..&.L.._....:._.____.__._.__._._....,____.____,,___._....J...L&....___.___._-'-''--LJ...� q u e n c i e s .  0.1 10 100 
LOAD RESI STANCE {O HMS) 

fix d frequencie : 50 60 1 00 1 20,  200, 
400 and 500 cp and 1 ,  2, 5 and 1 0  kc 
as elected by a rotary \\-itch . A. con­
tinuou · ly adj u table incr mental-fr -
quen y con t rol provides a range of ± 2% 
about the nominal frequency . One addi­
tional freque n cy can be provided by the 
u er at a t welfth wi ch posi ion by the 
addition of two re i tors . 

The output tran form r ha a tapped 
ondary windir g, o that an output 

power of at lea t one watt can be deliv-
r d to fiv diff r nt load imp dan e , 

and t lea n -half watt to any re­
sistive load b tw n milliohms and 
8 kilohrns , a. h own in Figure 2 .  

I n  mo t . cillator , ov rloading and 
wavefonn clipping occur ' h n th load 
impedance is very low compared to its 
optimum valu . I n  contra t, the TYPE 
1 3 1 1-A Audio 0 illa r can upply a 
low-di tortion ignal to any load im­
pedance fron1 an open circuit to a short 
cir uit independ nt of he tting of 
the tap on t he output tran former. The 
over-all di tortion i alway 10\v ,  less 
than 0 . 5% at a 1-wat utput leve l and 
typically le than 0. 1 % over much of 

the fr qu n cy range, as shm\ n in Figure 
3 .  Hum and noi e components ar 1 
than 0 . 003 0 of t he maximum output. 

CIRCUIT 
The o cillator makes use of the fa­

miliar Wien bridge network and a 
mult i  tage , Cla - B ,  tran i tor am plifier 
to provide th ne e ary power output 
without additional  b lffer amplifiers. A 
simplified chemat i diagram i hown 
i n  Figure 4 .  The frequency of oscillation 
is detennined by the capacitor and 
one of el  n pair of re i tor in  he 
po itive feedback path . A thermi tor is 
part of the negative feedback path and 
a ure table outpu signal as 
shown in Figur 5 an d 6, '"'·ithout the 
di tortion a ociat d with many ampli-
tud -limiting terns .  

i tran i t r are i ncorporated i n  a 
single dir ct-coupled feedback loop.  The 
high loop gain re u lt in an o cil lator 
which i ub tantially independent of 
tran istor haract ri ic with low dis­
tortion a d long-t rm reliability. Noise 
and hort-t rm amplitud and frequency 
variati ns ar rn.inimi zed by the use of 
low-noi e circuitry for the input am-

0.5 --�--�---�--�-�----,------, 

Fig u re 3. The Type 1 3 11 - A 
A u d i o  O s c i l l ator  w i l l  drive 
a n y  i m pe d a n c e  wit h  l o w  

d i storti on.  

0.4 
L------!---+-----1---1------+----+------f 

FULL OUTPUT 
� 0 . 3  

�-----!---+-----1---1----+----+---l-i 
l­a: 0 1-<ll 
Ci 0.2 �-----!---+-----1----1------+----til�'--1 � 

O L__--1�---L�----c�-__,JL_ _ _L_����---:-! 
50 cps w JOO 2 0 0 500 

FREQUENCY 
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I I I INPUT I 
I AMPLIF IER( I I 

A U G U S T - S E P T E M B E R , 1 9 6 2  

I 
I 

HIGH I 
I MPEDANCE I DRI VER 1 

OUTPUT 

�:�� v 
.,,..

T IOI .1 
CLASS-B 'T 

E M ITTER FOLLOWER 

fig ure 4.  E l e m e ntary s c h e m at i c  d i a gra m of t h e  osc i l lator. 

plifier, Q l O l .  The ran i tor, Q l 02, 
provide a high-im pedan c d ri v  circuit 
for operation of the Class-B ou put 
stag wi h a min imum of cro over d is­
tort ion , without the u e of compli cated 
temperature- n itive bia n twork . 1  

Since h e  RC-network capac itors are 
to large (0 . 1  µf) o b made adj u tabl 
the in r mental-fr quen cy adj u tm n t  i 
produ d by a variation in the voltage 
aero · ·  part of one of he capa itor by 
means of a poten t iometer. Thi ha the 

tJ. J. Fa.ran and R. G. Fulk , ' ' High-Impedance D rive 
for the • Jim ination of C ro .;ov r Distortion, "  The olid­
State Journal, Augu t, 1 961. 

same effect on the cir uit as a variation 
i n  capacitan ce ,  n d  in the potenti­
om ter impedan ce i l ow c o m pa r  d to 
that of the capacitor the con ro l can 
be calibrated in percentage frequency 
cha ng . 

A P P LI CATI ONS I 
Al hough t he TYPE 1 3 1 1 -A Audio 

0 cillator was de ign d primarily for 
us a a gen rator for bridrre m a u r  -
men , it uperior perf orman c and 
m a n y  featur m a k e  i w e l l  u i t ed t o  
almos any applicat ion ' here a high­
quality audio o ci l lator i need d .  

I 
ST A R T  oc 

+--

10 M I N  

f i g ure 5 .  T y p i c a l  o ut p u t  a m pl i ­
t u d e  sta bi l i ty of t h e  o s c i l l at or, 
s h o w i n g  warm u p  dr ift ( A )  a n d  � 

0.3 0/o 

=A 

t.l E A  
!:IA 

f - I kc 
SURING-SYSTEM 
N D W I DT H - 2 cps 

..,__ 

,_ 

,,.�-
r==. 0.0 1 %  

. -.....� e 
TYPICAL. � 

:::-... 
-

� 

� 
-... 

I M I N .._  � 

_, 

s hort -term v a r i at i o n  ( B) .  

· 1  

:g 0 

5 
5 - I  0 

50 cps 

fi g ure 6. T h e  flat fre q u e n c y  res p o n s e  of t h e  
o s c i l l ator  e l i m i n ates t h e  n e e d  f o r  rec h e c k i n g  
the l evel i n  fre q u e n c y -resp o n se m e a s u r e m e nts.  

I NO l.OAD -- - --

100 200 500 
F�EOUENCY 

I ke 

--- -
-... .... ..... .... 

I WATT LOAD
'

, 

I 
' ', 
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G E N E R A L R A D I O  E X P E R I M E N T E R  

For bridge mea ur ment he hielded 

econdary winding on the output tran -

former p rmits the o cillator to be used 
as a fioa ing source, thus minimizing or 

elirnina ting circu lating ground curren t . 

This feature i al o important in other 
l ow-level ystems. 

For many application , such a the 

calibration of high-speed level recorder 

and a nalog-to-digital converters, the 

very l ow level of short-term amplitude 

and frequency variations in thi o cil­

la tor are important .  Appreciable error · 
can be cau d by the cycl -to-cycle 

variation found in most oscillator . 

2A. E. Sander on, "A Tuned Amplifier and ull Detector 
with One- M icrovolt ensitivity , "  General Radio Ex­
perimenter, 35, 7, July, 196 1 .  

For general laboratory mea urements 
the floating output, the low distortion , 
and the ability to drive any load imped­
a nce without clipping are among the 
mo t u eful featu re of this o cillator, 
while the mall size, simpli ity, reli­
ability and excellent stability ar im­
portant advantages for production-test 
applica ions. 

The o cillator i mounted in a compact 
cabinet which can be u ed either on the 
bench or, by means of adaptor pane ls, 
in a r lay rack. It can b conveniently 
mounted with the TYPE 1 232-A Tuned 
Amplifier and Null  Detector2 a a 
complete o cil lator-detector combination 
for relay-rack mounting. Relay-rack 
adaptor ets for this pu rpose are l isted 
below. 

- R. G. FULKS 

SPECI FICATIONS 
FR E Q U EN CY 

Ra nge: 1 1  fixed frequencies from 50 to 
1 0,000 cps. 

Control :  50, 60, 1 00, 1 20, 200, 400, 500, 
1 000, 2000, 5000, 1 0,000 cps selec ted by rotary 
s witch. A vernier provides a ± 2 %  adj ustment 
a bout nominal. 

A c c ura cy: ±1 % when �f control is at zero. 

O UT P U T  
P ower: O n e  watt i n to matched load. (Taps 

provide at least one-half watt output i nto any 
resistive load between 80 millio hms and 8 
kilohms . )  

Voltage: Continuously adj ustable from 0 to 
1 ,  3, 10,  30, or 1 00 volt

·
, open circuit. 

Curre nt: Continuously adj ustable from 0 to 
40, 1 30, 400, 1 300, 4000 rnilliamper , short 
ci rcuit (approx ) .  

Impedance: Between one and two times 
matched load, depending on control setti ng. 
Output circuit i i olated from ground and, 
hence, can be used to d rive balanced c i rcuits .  

Type 

DISTORTI ON A N D  N OI S E  LEVEL 

Di stort i o n :  Les t han 0.5% under any load 
condition . Typically less than 0. 1 % over much 
of range. 0 cillator will dri ve a short circuit 
without waveform clipping. 

A C  H u m :  Typically le s than 0.003 % of 
output voltage. 

G E N E RAL 

Ter m i n al s :  Jack-top TYPE 938 Binding Posts 
with _ standard %-i nch spacing. Separate 
ground te rminal hold TYPE 938-L Shorti ng 
Link which an be used to ground adjacent 
OUTPUT binding posts. 

Power In p ut: 1 05 to 1 25 (or 2 1 0  to 250) volts, 
50 to 400 cps. Total power input varie be­
tween 7 and 22 watts, depending on load. 

Mo unting: Aluminum panel and cabinet, in 
gray-crac k le fi nish, fo r bench use. Panel adaptor 
se a re avail ble to permit mounting in 
standard 1 9-inch relay rac k .  

Accessories S u pp l i e d :  TYPE CAP-22 Power 
Cord, spare fuses. 

Di m e n s i o ns: Width 8, height 6, depth 7 %  
i nches (205 b y  1 55 b y  200 m m ) ,  over-all.  

N et Wei ght: 6 pounds (2.8 kg). 

Code Word Price 
1 3 1 1 - A 

4BO- P30B 
4BO - P 3 1 6  

A u di o  Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . TIPSY $ 1 75.00 
7.00 Rela y - Rack Adaptor Set ( for o s c i l l ator o n l y) . EXP.A.NELD G 

Rel a y - Rack A d aptor Set ( for o s c i l l ator a n d  
TYPE 1 232 - A  T u ned A m plifier a n d  N u l l  Detector) E X PANELHUM 

Licensed under patent of the merican Telephone and Telegraph Company. 
6.00 
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A U G U S T - S E P T E M B E R ,  1 9 6 2  

NEW COAXIAL CABLE CONNECTORS 
Have Lower VSWR, Are Easier  to I nsta l l  

The continuou development program 
for GR TYPE 87 4 Coaxial Connectors, * 
among who e recent achi vement wa 
the locking version of the connector, 1  
ha now produced a grea l y  improved 
de ign of cabl conn ctor . Both me­
chanical ly and electrically, the perform­
ance of these new cable (and panel) 
connector is commensurate with that 
of the rigid-line connectors. The n w 
erie , which is identified by the letter 

"A' ' in t he type number and by a gray 
rubber guard on t he cabl end, instead 
of the black previously u ·ed , will  replace 
the older series on September 1, 1962. 

DESIGN CHANGES 
The design objectives were (a) lower 

VSWR, (b) minimum change in VSWR 
as a result of assembly variation , and 
(c) implifi d a embly. The e have been 
achieved by (a) redesign of the transi­
tion between the basic TY P E  87 4 Con­
nector and the cable , (b) r duction in 
the di tortion of cable di lectric due to 
melting during the oldering operation 
on the inner conductor, (c) an improved 
method for attaching the cable braid 
and j acket, and (d) improvement in the 
rubber guard u ed on patch-cord type . 

I n  addition, the inner conductor 
soldering operation for smal l-diameter 

*U. S. Patent No. 2,548,497. 
l " Ne\V and I m proved Coaxial Connectors , "  General 
Radio Ezperimenter, 35, 10, October, 196 1 .  

fig ure 1 .  New -type steppe d -transition connection 
and o l d -type c onical -transiti on c onnection. 

cable has been simplifi d, and a t nd­
ency for th TY P E  874-PB Pan I Con­
nector to become sligh ly loo e in it 
panel flange with hard usage ha been 
correct d .  

The tran ·ition between the % "  air­
dielec ric con n ct r and maller solid­
diel ct ric cables, shown in Figure 1 ,  is 
an i1nportant part of the connector. The 
older, tapered, de ign ha be n r placed 
by a ·tep t ran it ion which i ea ier to 
control in ma hining, ea ier to in pect ,  
and easier to  solder. Crimping of  the 
inner transition to the cable wire is a lso 
pos ible with t hi de ign, for non­
critical application . 

The most cri ica l  par of any cable 
conn ctor i the actual connection be­
tween the cable conductor and the 
corre ponding part of t he connector. 
The center-conductor conn ction is 
u ually the mo difficult to make with 
con i tently low r fl ction . One of the 
causes of high VSWR is flow and dis­
tort ion of the di lectric ma erial during 

oldering. Ano h r relat d cau e i: t he 
variation in location of t he end of the 
cabl die lectric with re pect to the end 
of the connector inner tran ition s ction .  
Furthermore, the pla t ic dielectric can 
actually flow into t he old red j oint and 
produce an induc ive discon inuity.  
The e conditions are i l lµ trated in 
Figur 2. 

The e problem have been eliminated 
by th addit ion of a Teflon disk, a 
shown in Figure 3 ,  which blocks any 

, .. ,������,.,,, TRANS ITION DISTO R T ION OIELECTRIC �,"'� T E FLON DISC 
(leltJ Figure 2. Ty pic al  soldering - heot d istorti on 
of cable dielectr i c .  (Riglit) F i g u re 3. Teflon disk 

e l i m i notes d i stortion. 

1 9  
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G E N E R A L  R AD I O E X P E R I M E N T E R  

0 Figure 4. N e w, 
perforated ferrule. 

flow of the cable dielectric i n  o the 
soldered j oint , and provid h a in­
su lation . It provide al o a d finite 
surface for he end of he inner tran i­
tion to re t again t durin g the old ring 
operation . S il l further ontrol of dielec­
tric distortion i provided by an im­
proved a mbly procedure. 

The con n  tion between the cable 
braid and connector al o ha b n im­
proved. A taper has been added at the 
end of the knurled section of t he outer 
tran ition, a hown in Figure 5, to 
reduce the inductiv dis ontinuity due 
to the step-up in diameter , an d a new 
p rforated f rrule , shown in Figures 4 
an d 5, ha be n provided to hold both 
the jacket and braid urely in place . 

The cable j acket flows out into the 
perforation , producing an eff ctive 
holding for e, and preventing the j acket 
from draViring away from the braid-to­
connector j oint . In addit ion , crimping 
is necessary over onl a short length of 
ferrul , a hown in Figure 5. A. a result,  
the dielectri i compr sed very much 
less than with a solid ferrule, and the 
eff ct on the V WR is relatively small  
ev n at fr quen cie up to 7 Ge. The 
perforated ferrul i employed in all  
connector of the new erie . 

Th knurled , cylindrical transition 
with a crimp cl-ferrule method of braid 
holding wa retain d in th ne'v design 

CABLE JACKET 

CRIMPED FERRULE 

Figure- 5. Improve d method of j a c ket and 
braid retention. 

.. 

because i offer · several advantages over 
the butt-re ntion y tern commonly 
employed . The principal advantage is 
that it provide the least di continuous 
tran ition consi, tent with the necessary 
requir ment for TYPE 874 Connectors 
that the inner ran ition must be pushed 
sl ightly forward during assembly to in­
sta l l  the i n su lator in the basic connector. 

0 NEW 

0 OLD 

F i gure 6. 
Increased 
lengt h 
facil itates 
soldering. 

Figure 7. (Right) N e w  r i ng clamp nut h a s  a d di­
tiona l flats. (Left) Pos itive locking of connector in 
.. PB" series of panel flanges ,  with lockwas her. 

With thi type of a sembly , c haracter­
istic of all TYPE 874 Cable Con nectors , 

th inn r t ran ition and in n r con n ector 
are accurate! po ition d ,  and the 
tendency for movement caused by fl x-
1ng, expan ion , or contraction of the 
cab l with te1np rature change is 
practical ly liminated . 0th r·advantages 
include rapid assen1bly and low co t. 

'I he rearward prot ru ion of the inner 
ran .  ition is now u ed on all con nectors, 

so that th "5 A" and " 62A" erie of 
conne ct or can be oldered as a il as 

h larger cable types. For this purpo e, 
th n w tran . ition pie es in these series 
have been lengt h ned (Firrure 6) . 

A lockwasher has been added to pre­
v n t  pos ible loosening of the con nector 
in the panel flange,  and an additional 

et of fiat ha been provid d on th nut 
that clamps t he ba ic cabl com1 tor 
in the panel flange to facilitate tight­

ening b hind a panel where acce ibility 
is poor.  See Figure 7 .  
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E LECTRICAL P ER FO RMANCE 

The new tepped tran itions yield a 
verv low VSWR u p  to 7 Ge, and the 
r fl ction in roduced by the con nector 
a a ' hole are now lower than the re­
flections inherent m even t he best 
:flexible cable . 

I n  the d lopment of the new cable 
connector , it was not possible to e m­
p loy tandard flexible cabl to te t the 
con nector. , becaus the e cab les are not 
mad to ufficien t ly clo e tolerances and 
a r  not ufficiently u n iform . It  wa 
neces ary,  therefor , to build ctions 
of dielectric-fi l l  d l in a curat ly con­
s ru cted to b a l o  e a po i b le to t he 
de ir d 50-ohm c haracteri t i  imp d­
ance. Each stepped e t io n  f th ran i­
tion was d igned and te t d individ­
u a l ly in order to i olat each in dividua l  
d i  ntinuity a n d  minim ize its refle t ion.  
T h i  i im portant i n  a hi vin g a low­
reflec ion d ign abo 4 Ge . The re ult 
of V WR mea u reme nts made on dev 1-
opm n t u n it are shmvn i n  Figure 8 9 
an d  1 0 .  The te. t configura ion hown in 

i iltl I I I Jil44 
O I 2: J FREOU:NCY Ge; 5 6 ? S 

A U G U S T - S E P T E M B E R , 1 9 6 2  

F ig ure 1 1 . Test 
c o nfi g uratio n  for 
F i g u re s  S, 9, a n d  1 O. 

Figure 1 1 , com prises two tran it ions, 
1 the TYPE 74-B Ba i Con nectors 
connected ba k-to-back through a short 

e
.
ction of 50-ohm polye hy lene line 

w1 h a Teflon disk pla ed a ea h end 
imulating the onn ct ion to a cable.  

' 

The over-al l  V "\iVR of the comp l  te 
conne t or instal led on actual abl is 

x el lent , a hown i n  Figure 1 2  t o  1 7, 
for two basic atta hme1 t . I n  t he fi rst 
a con n e  tor i in tal lcd on an ext r mel; 
long length of cabl imu lat in an 
infi nit cabl e .  fea u rem nt of thi con­
figuration r pr n t  h e  \ W R  of a 

� :��� 1 1  ff� I 0 I 2 3 4 5 6 7 8 FftEO U E NCY Ge 
F i g ure 1 2 . Average V S W R  of s i ng l e  Type 874-CA 
C o n n ector o n  a n  i nfi n ite l e n gt h  of Type 874 -A 2  
Ca ble.  ( A l s o  a p pl ies  to t h e  Types 874 - C L A ,  - PBA, 
- PL A ,  a n d  P R LA .) Peak at 300 Mc i s  dye t o  c a bl e  

c h aracterist i c - i m pe d a n c e  error. 

: ::, i I I I 3:14=/ I f;g:,. 1 3� A v e:a ge :�:;;�;·,::·. ,. T:p e  8;4 - CB: 
1 2 3 F REOuE4NGY Ge 5 s 1 s C o n n ector o n  i n fi n ite le ngth of R G - 2 1 4/U Cable.  

f i g ure  9. VSWR of  a pair  of "CSA" cable tra n s i ­
t i o n s  o n  i d e a l  c a b l e  sect i o n .  

I.OS 
1.06 

cc ! 1.04 
> I 02 

I 
I 
I 
I 1.00 0 

- l 
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I 2 3 4 6 1 8 FREQUENCY Ge 
Fig ure 1 0 . V S W R  of a pair  of "CSSA" c able tra n s i ­

t i o n s  o n  i de a l  c a b l e  s ecti o n .  

( A p pl ies  to a l l  t h e  " SA " ser ies.) 

1.10 _L--
--...-I.OB 

/ 
/ r-..__ �v 

1,..,--.... 
0 I 2 3 • 5 6 8 

:; 1 .06 .., 
> 1.04 

1.02 
1.00 

F R EQUE N CY Ge. 
F i g ure 1 4 . A vera g e  V S W R  of s i n g l e  Type 874-C58A 
C o n n ector o n  i n fi nite  l e n gt h  of  Type 874 - A 3  Ca ble.  

( A pp l i e s  to a l l  t h e  "SSA" s eries.)  

2 1  

www.americanradiohistory.com

www.americanradiohistory.com


22 

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

110 
1.08 / 

/ 
_,-_/ 

/ 
1.02 

---

3 .. 5 F R EQU E N C Y  G i;  

-
------ -

7 a 

F i gure 1 5 .  A v erage VSWR of T y p e  874 - R20A 
Patc h Cord c onsi sting of two T y pe 874 -CA Con­

n ectors m ounted on Type 874 - A 2  C a b l e .  

1 . 10 
/r--.... I/ 

/ """ � ---- / 
/ 

/ 

1.oe 
a:: I 06 
� > 1 04 

1.02 
I/ 1.000 2 3 .. 5 6 a r R EOUE N C Y  Ge 

f i g ure 1 6. A v erage VSWR of pat c h  c ord c onsist ­
i ng of t w o  Type 874-CBA Co nnectors m ounted o n  

RG - 2 1 4/ U Ca ble ( s i m i l a r  t o  R G - 9/ U ) .  

1 1 0 
1.oa 

cc '  06 "' 
� 1.0-4 

1 02 

>-----
/ -------

/ 
I/ 

� � -

3 .. 5 f'�EOUE N C Y  Ge 

---- __,,. 

6 a 

F igure 1 7. A v er a g e  V S W R  of T y pe 874- R22A 
Patc h Cord c ons i sting of two T y pe 874 - CSBA Co n ­

nectors m ounted on T y pe 874 - A 3  C a b l e .  

single cable connector on a typical 
section of coaxial cab le , sometim 
referred to a the "rigid-line-to-cable 
VSWR. " It i illu trat d in Figur s 1 2 ,  
1 3  a n d  1 4 . I n  the second, cable con­
ne tors are in stal led on opposite ends of 
a thr -foot 1 ngth of cable , typi al for a 
patch cord, and a l ow-VSWR termina­
tion is p lugged i nto one end. Thi i 

2A.  E. Sand r on, "An Accurate Sub titution Method 
of Mea uring the V WR of Coa ·ia l Connectors," The 
Microwave Journal, January, 1962. 

ANY THI CKNES.S ANY THICKNESS 

CONNECTOR l<TG HOLE " 
--, \' . . � � 

TYPE 874- PBA TYPE 874- P BA 
FRONT OF PANEL BACK O F  PANEL 

referred to as ' 'cable-to-cable VS"\iVR" 
when he cab le Ieng h i a multiple of a 
half wavelength . 2  It is  i l lustrat d in 
Figures 15,  16 and 1 7 .  

A note of explanation i required for 
the "infinite" able m a urements. Mo t 
fl xible cables xhibit a r sonan ce ph -
n omen on wher by periodic variations 
in characteristi c impedance inheren t in 

he manufacturing proc ss b ome syn­
chronou with the mea urement fre­
quen cy. The e appear as periodic VSWR 
spikes i n  the measuren1ents and are due 
to an accumula ion of many reflec ion . 
The hav b en po itively identified a 
occurring in the cable and, for t his 
reason, have been omitted from the 
connector VSWR graphs. 

AVAI LAB L E  TYPES 
The 87 4-series cable connector are 

available with a vari ty of fitting that 
mak th m adaptable to both patch­
cord and pan I-mounting u e .  The e are 
i dentified by t he le ter series C ,  CL,  
PB, PL, PRL. The uffix, L, id ntifi 
the locking typ . The fol lmving table 
lists available catalog items·. Also shown 
below the table are the tool recom­
mended for assembly. The ferrule-

rim ping tool · ,  874-T 58 and 74-TO 
are recommended, e pecially for volume 
assembly, although suitable ferru le 
crimpin g can be a h i  ved with ordinary 
pli r wh r app ar n i not impor­
tant.  Th TYPE 74-TO I-\: Tool Kit, 
however, is recommended whenever low 
and reproducible VSWR i de i r  d. 

All  the e onne tor have a 50-ohm 
characteri tic impedance. 

1 I 16 to , __,__,...� 
T Y P E  

-JonN ZoRzY 

874- P R L A  

Fi gure 1 8 . M o u nting d i m e n s ions for Type 874 Panel Connect ors . 
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A U G U S T - S E P T E M B E R ,  1 9 6 2  

50-o hrn 
Cable 

Conne tors 

50-ohm 
Cable 

Con nectors 
- Locking 

50-ohm 
Pan l 

Conne tors 
-Flanged 

50-ohm 
Panel 

onn ctors 
-Loc king 

50-oh rn  
Panel 

Conne ·tors 
- Loc king, 

Rece sed 

Type 
874 - CA 
874-C8A 

874-C58A 

874- C62A 

874- CLA 
874 - CL S A  
874- CL58A 
874 - CL62A 

874 - PBA 
874- P88A 
874 - P B58A 
874- P862A 

874-PLA 
874 - P L BA 
874 - P L 58A 
874 - PL62A 
874 - PLT 

874 - P RLA 
874 - P RL8A 
874 - P R L58A 
874 - P R L62A 
874 - P R L T  

CONNECTORS 

Fit. 
(50-oh m )  874-A2 C a b l e  
(50 -ohm ) R G - 8A /U, - 9 8  /U , 

- 1  OA /U, -87 A /U , - 1 1 6  /U, - 1 56 /U, 
- 1 6 5 /U ,  - 1 6 6 /U, - 2 1 3 /U, 
- 2 1 4 /U, - 2 1 5 /U, - 2 25 /U, 
- 2 27 /U; (non- constant i m -
p e dance) R G - 1 1 A / U ,  - 1  2A /U, 
-1 3A /U, -638 /U, -798 /U ,  
- 8 9  / U ,  - 1 44 /U, - 1 46 /U, 
- 1 4 9  /U, - 2 1 6  /U C a b l es 

( 50 -ohm ) 874-A3, R G - 2 9  /U, -55 /U 
(series), -58 /U (series), - 1 4 1  A /U, 
- l 4 2 A  /U, - 1  59 /U, - 2 2 3  /U C a b l es 

RG-59 /U, - 6 2  /U (series), - 7 1  8 /U, 
- 1 40 /U, - 2 1  0 /U C a bles (non­
constant i m p e d ance) 

S o m e  as Ty p e  87 4-CA. 
Sa m e  as Type 874-C 8A. 
S a m e  a s  Typ e  8 74-C58A. 
S a m e  as Type 8 74 - C 6 2 A. 

Same os Typ e  87 4-CA. 
Same a s  Type 87 4-C 8A. 
S a m e  a s  Typ e 874-C58A. 
Same as Typ e  8 74 - C 6 2 A. 

S a m e  as Type 874-CA. 
Same a s  Type 87 4-C8A. 
S a m e  as Type 87 4 - C58A. 
S a m e  as Typ e  874-C6 2A. 
W ire l e a d. 

S a m e  as Type 874-CA. 
Same os Type 87 4-C8A. 
Same as Type 874-C58A. 
S a m e  as Typ e  874-C6 2A. 
W i re L e a d .  

*For quantities of 1 to 99; pri ces for larger quantities on reque t .  

TYPE 874 -TO K TOOL K I T  
3 

4 5 

1 .  O uter- con d u ctor wrench . . . .  (0874- 2 6 1 0 )  

2 .  I nner-conductor wrench . . . . .  (0874- 2 6 1 1 )  
3. Coupling-nut wrench . . . . . . . .  (0874-68 0 1 ) 

4. Front-ring e x p a n d er ( re d )  . . .  (0874 - 6 8 2 0 )  

5 .  K e e p e r  for ring e x p a n ders . .  ( 0 8 7  4-6840) 

6. Back- ring expander ( g re en) . (0874-6800) 

7. Ring p usher . . . . . . . . . . . . . . .  (0874 - 6 8 3 0 )  

7 

Type 
874 - T O K  
8 7 4 - T 0 8  
874-T058 

Code Word 
C AXCA B LE R  
COAXCORDE R 

COAXCA L L E R  

COA XC A N DOR 

C O A X PA RROT 

IPE 

COA X A P PLER 

C O A X B A T H E R  

O A X A B A T E R  

COA X B A RKER 

C AXYFINCH 
C O A XYVIREO 

COAXTHRUSH 

COAXTOUCAN 

COAXWI LLET 

O A X  RLE \Y 

C O A X A  VOC E'.r 

C O A X M ERLIN 

Price• 
$2.50 

2.50 

2.50 

2 .50 

3.50 
3.50 
3.50 
3.50 

3.40 
3.40 
3.40 
3.40 

3.75 
3.75 
3.15 
3.75 
3 . 7 5  

4.00 
4.00 
4.00 
4.00 
4.00 

CRIM PING TOOLS 

TYPE 874-T0 5 8  T Y P E  874-T08 

T o o l  K i t  . . . . .  
Cri m pi n g  T o o l  
Cri m p i n g  T o o l  

Code Word 
O A X K IT'I'EN 

OAX R I M B A  

O A X  RIM PO 

Price 
$ 20.00 

75. 00 
8 5 . 00 
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Coming - in September 

The 3rd An n u a l  

E L ECTRO N l1C I N STR U M ENT MA N U FACT U R ER S '  EX H I BIT 

Boston to W ashing ton, D .  C. 

in an 
u n hu rri · tmo · 

Th n ral 
rporat ion 
orp rut i  n 

n o ra.mt · 

rn­
ra-

W a ltham, M assa chusetts 

Syra cuse, New York 

Mon d a y, S e p t. l 0 Ch a rterhouse Motel, Route 1 28 

J e richo, Long I s l a n d ,  N e w  York 

C e d a r  G rove, New J e rsey 

C a md en ,  N ew J e rsey 

P h i l a d e l p h i a ,  Pennsy l v a n i a  

W atchu n g ,  N e w  J e rsey 

:Red B o nk, New J ersey 

W ashi n g ton, D. C.  

Tuesd a y, Sept. 1 1  Sheraton Inn,  C a rri e r  C i rc l e  

Thu rsd ay, Sept.  1 3  M e a d owb rook Motel 

Mon d a y, S e p t. 11 7  The Towers 

W e d n esd ay, Sept. 1 9  Che rry H i l l  I n n  

Thu rsd ay, S e p t. 2 0  M a r r"ott Motor Hotel 

Mond ay, Sept. 24 W a l ly's Tave rn-on-th e - H i l l  

W ed n esd a y, Sept. 26 M o l  y Pitc h er Hotel  

Thu rsd a y ,  Sept. 27 M a rriott Motor Hotel  

Exhibit  hours:  Noon to 7:30 p.m. 

0 
quar -r . 

W a s h i n g to n OHice Moves 

fl  g, 
larg r 

New A d d re s s :  
G e n e r a l  R a di io Compa n y  
Rockv i l l e  P i k e  a t  W a l l  l o n ,e  
Rockvi l l e, M a ry l a n d  

Tele p h o n e :  946- 1 600 (Cod e 30 1 }  

TWX : {30 1 ) 949-6787 

G e n e r a l R a d i o  C o m p a  y 
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