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Motor drives in a wide variety of 

speed , suitable for servo work as well 

for remote positioning applications, are 

now offered for the recently announced 

TYPES W5 and W2 Variac . The e 

drives, together with the several models 
and ganged a semblies previou ly an

nounced, 1·2 make the W- eries Variacs 

1 "Type W5 Variac®. General Radio Expei·imenter, 30, 
7; December, 1955; pp 1-11. 
'"More ew Va.riacs:ID", General Radio Experimenter, 
30, 12; May, 1956; pp 13-15. 

an extremely flexibl and versa ile 

produ line. The completene of the 

line is best illustrated by the "geneal
ogy" shown in Figure 1. Careful design 

planning and extensive production tool

ing make it possible to assemble the 

many variations shown from a limited 

number of stocked parts and sub

assemblies. The prices are on equently 
determined on a production basis, 

rather than on the "special-order" 

ba is that might ordinarily be expected. 

Mechanical Design 

An extremely simple and straight

forward design has been adopted to 

Fig ure 1. "Fa mily tree" of W- model Variac ® Autot ransfor me rs. Typ e nu mbers ar e fo r m ed by adding 
in s equence the appropriat e l etter and numeral co mbinations. For exa mples, s e e  Figur e 4. 

MOTOR DRIVE 

NUMERALS INDICATE TIME IN SECONDS FOR ONE TRAVER SE(320") 

BALL 
GANGS BEARING CA SEO FOR REMOTE 

MODELS MODELS POSITIONING. FOR SERVO MOTOR MT3 FOR SERVO 
OR REMOTE CAPACITOR CASED 

USE 
POS)TIONING. AND MODELS 

MOTOR MICROSW1TCHES 

MT 
CAPACITOR FOR LIMITING 
IS INCLUDED TRAVERSE 

ARE INCLUDED 

M 02 D2M 

BA S IC 
VARI AC BB 04 D4M 

UNIT 
W2 BBM DSC 08CM 
W5 
W5H 

OBCK 08CKM G2 G2BB 

G2BBM 
016CK 

G2M 
016C 

G3 G3BB D32CK 

I G3BBM I 
064CK 

ALL MOTOR-DRIVEN VARIACS ARE EQUIPPED 
G3M WITH BALL BEARINGS. 
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GENERAL RA DIO E XP ER IMEN T ER 2 

provide motor drive. The gear redu er 
motor, with a suitable mounting pla e, 

is "ganged" to the unit to be driven, 
much as another V ariac would be. The 
construction is shnwn in Figure 2. 
Drive is from the base end of the 
Variac, making possible a rigid mechan
ical a embly and minimizing in ula ion 
problems. Ball bearings are u ed on all 
motor-driven Variacs. 

Gear coupling between motor shaft 

and Variac shaft was chosen for a 
num her of reasons. 

1. The problem of alignment be
tween shafts is reduced as compared to 

a rigid direct coupling. 
2. The problem of phase shift in a 

fl xible coupling i eliminated, implify
ing the ervo-drive problem. 

3. With a choice of gear ratios everal 
drive peeds can be provided from a 
given motor. 

Mounting lo s in all motor plates 
permit proper motor location for he 

. le ted g ar and clo..... adjustment of 
the gear and pinion mating. Motor 

leads are brought out to a terminal 
strip attached to the motor plate. 

Motor 

To rnake availa.ble a wide range of 
drive peeds, three different motor 

speeds will be tocked. Gear reducers 
assembled to the ba ic motors produce 
output shaft rates of approximately one 

second, four econd , and sixteen sec
ond per revolu ion. The e peeds, in 
conjunction with the additional choice 
of reduction available in the coupling 

gears, provide Yariac raverse rates of 
2, 4, 8, 16, 32, or 64 seconds, full scale. 

The two fas test drives (2 and 4 
econd ) are intended for ervo opera

tion, as in the GR TYPE 1570-A Auto
matic Voltage Regulator. For such ap
plications the motor chosen has low 

moment of inertia and high angular ac
celeration. The low angular momentum 

eliminates any n ed for limit switche · , 

ordinarily used to de-energize the 
motor. A sirnple mechanical stop i 

used, arranged so hat stalled torque 
are not transmitted to the Variac . 
Enough ela tic deformation is provided 
by the Variac shaft to prevent impact 
damage to the gear train. Both motor 
and gear train will withstand stalled 

Figure 2. View of a motor driven Type WS Variac. 
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Figure 3. View of cased model of motor -dri ven 
Variac. Appearance is identical with that of a 

ganged model with case. 

conditions indefinitely and ,, ill take, 

without damage, thousands of full

impa t tops. Since, for servo-operation, 

it i a sumed that the proper motor 

capacitor will be included in th ervo 
amplifier no capaci or is furni bed. 

The ame type of low-inertia mo
tor i u ed also for the medium.- peed 

drives ( and 16 seconds), in who e ap

plications fast tarting is not ordinarily 
essential, but fa t stopping with mini-

A U G U S T, 1 9 S 6 

mum over hoot is desirable. \"-ith the 

motors elected, stopping is fast enough 

so that for most applications no dy
narni · braking is required. 

Thi motor can be used for either 

servo or remote positioning applica

tion and o a motor capacitor is fur
nished. Microswitches for limiting tra

verse ar optional. 

The third motor, for 32- and 64-
second traverse and remote-positioning 
applications, has a higher torque, ex
ceeding the capabilities of the mechani

cal stop, so that n1icroswitches are 

mandatory. Motor capacitor is fur
nished. 

Table I summarizes the mechanical 

specifications for the three motors. 

Enclosures 

Motor-driven assemblies are a ail

able open or completely enclosed. 'I he 

stru tural similarity to a ganged Variac 

is extended to the method of enclosure. 
Neat, economical enclosure is pro

vided by making use of already avail
able cases and methods. Figure 3 
shows a typical enclosed assembly. 

TABLE I 

TA DARD EXTERNAL GEARING 

TANDARD 

MOTOH 

SEC D FOR 320° 

0 NCE-I CHE, TORQ 

VARIAC 

W-or lVI- * Iodel 
115 or 230 volts 

--

TOP 

CAPA ITOR 

x ervo application only 

A 2:1 4:1 

B 

c 

2 4 
-

E 30 60 

2 x x 
-- --

2G2 x x 
----

2G3 x 
--

5 x x 

5G2 x 

5G3 x 

ME HA !CAL 

I -L 0 

xo Either servo or remote positioning 

2:1 4:1 
-

2:1 4:1 

8 16 32 64 

120 240 240 4 0 

XO XO XO XO 

XO XO XO XO 

XO XO XO XO 
--

XO XO XO XO 

XO XO XO XO 
--

·o XO XO XO 

OPTIONAL MICROSWITCH 

YE YES \ 
--

* 60-cycle motor, 400-cycle Variac 
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G EN ERAL RA D IO EXPER IMENT ER 4 

Although the many po ibl a '"" n1-
blie and variation as shown in Figur 
1 are no s ocked as embled for imme

diate shipmen , inventory will be car
ried of ba ic ball-bearing Variacs, a 
well as motor drive, mi ro- :vi h a -

sembly and enclosure parts. Under nor

mal conditions, therefore, any of the 
corn.binations shown can be hip p  d, in 
moderate quantities, within a few wee]
of order. 

�------Ba.sic Variac type 
�-----230 volts 

3-gang assembly 
Motor-driven with ball bearings 
16 seconds for nominal 320" traverse 
Motor capacitor 
Micro switches 
Case furnished 

W 5 H G3 D 16 C JC M 

W2 BBM 

Baaic Variac (115 volts) 
Ball bear1Nts 
Cased 

Figure 4. Two e xa mples of how Varia c type num
bers are for med. 

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

Motor: 2-pha. e, 115 volt , 60 cycle 
Winding I mpedance: at 60c, 1300 + j2200 ohm , 
each winding; d-c resistanc , 575 ohms, each 
winding. 
Capacitor: 0.8 to 0.9 µf, oil-filled, 30 v wkg. 

Normal speed, rotor: 1350 rpm 

Moment of Inertia, rotor: 0.1 ounce-in.2 
Stalled rotor torque: 2 ounce-in he 
Theoretical ac celeration: 7680 radian / ec.2 
Variac Mo ment of 
Inertia: Type W2, 0.95 ounce-in.2 

Type W5, 3.08 ounce-in.2 

PR ICE S 

Refer to Table I for available models 
Refer to Figure 3 for type numb ring system 

Variac or Variac Assembly 
with ball bearings 

W2 BB* 
W2G2 BB* 
W2G3 BB* 
WS BB* 
WSG2 BB* 
WSG3 BB* 
WSH BB* 
WSHG2 BB* 
WSHG3 BB* 

Price 

$1 8.50 
39.00 
57.00 
23.00 
49.00 
71 .00 
25.00 
53.00 
77.00 

MOTOR -DR IVEN ATTACHMENTS 
Unit P rice 

Motor Drive Only (D) 
apacitor (C) 

Micro witches (K) 
Ca e (M) 

$75.00t 
n/c 

7.00 
8.00 

*Motor-driven Varia need not in lude th 
BB de ignation in the type numb r, since all 
motor-driven models are equipped with ball 
bearing . 

t In lot f 5 or mor . For quantities less than 
5, an additional et-up charge of $6.00 i added 
and i prorated over the quantity ordered. 

-------------------------------------�---

NATIONAL ELECTRONICS CONFERENCE 
Hotel Sherman Chicago 

October 1-3, 1956 

Visit the General Radio exhibit in booths 142 and 143 to see the latest in electronic 
test equipment. The motor-driven Variacs and the X-Y dial drives described in 
this issue will be on display, as will the new Type 1230-A D-C Amplifier and Elec
trometer, the Type 1605-A Impedance Comparator, the Type 1213-C Time/ 
Frequency Calibrator, the Type 1 391-A Pulse, Sweep and Time-Delay Generator, 
and other important new instruments. 
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5 A U G U S T, 1 9 5 6 

SYNCHRONOUS DIAL DRIVES FOR 

AUTO MATIC X-Y PLOTTING 

Automatic sweeping technique con

tinue to increa e in impor ance in elec

tronic measurement sy tern . The im

proved reliability of data and th con

servation of man-hour , together with 

the design of new r corder and weep

ing devices, have timula ed gr ater use 

of this te t method. Ba i ally the inde

pendent variabl , whether it be fre

quency, voltage or oth r quantity i 

varied at a contro11 d rate ov r a fix d 
rang '\Yhile the output characteri tic of 

the devi e under test is observed or 

recorded. In parti ular, the mea ur -

ment of the frequency re. pon e of a 
device or y tern lend i elf readily to 

this technique. 

The output arnpli ud a a func ion 

of frequency can be di pl y d on a 

cathode-ray oscillo ope by u e of the 

methods previou ly d rib d for Gen

eral Radio' 'TYPE 1750-A \V p rive1 

and TYPE 908-Pl and P2 ynrhronous 

Dial Drive .2 \Vhen perman nt and 

more preci recordings of the data ar 

required, however, he u e of n two axi 

plotter is de irable. A d-r \·oltag pro

portional to the independent variabl i 

fed in to drive the X axis 'vhil h 
output charact ri tic a a d-c signal i 

u ed o drive the Y axis of the recording 

pen. For most plot a ingle trac i. 
uffici nt, and it i' de irable o u 

w ping rates consid rabl lo\\·er than 

tho u ed in CRO pr entation. A 
synchronou ·weepinrr rat i' not al

way required but is oft n valuable be-

1 Eduard Karplus, "A ew ysten1 for Au omatic Data 
Display", General Rad-io Experimenter, 29, l I, April, 1955. 
2 H. C. Littlejohn, " .M otor Drives for Pr ci-ion Dials 
and Be:it-Freq11cncy 0 ciUators." Gnl<'ral Radio Ex
perimenter, 29, 6, November, 1954. 

Figure 1. View of the Type 908-R 144 X-Y Dial 
Drive in stalled on a Type 1208-B Unit O scillator. 

cau e it furnishe a standard, repro
du ible, common time ba 

The new General Radio -Y Dial 

Drives are de igned o sw ep tandard 

GR 4-inch (TYPE 907-WA) and 6-inch 

(TYPE 90 -WA) ear Dri n Preci ion 

Dials for front-of-panel mounting. The 

4.-inch model i hown in Figur J and 

he 6-inch model in Figur 6. The 'yn

chronou motor in the drive rotate 

the dial at a uniform rat,. which, in i,urn 
rotate a potentiom t r providing an 

output voltage prop rtional to the dial 

po ition. The mo or ·an be wi ched off 

and di engao-cd fr m ·he dial o permit 

manual op ration of th instrument by 

means of u knob mounted on th po en
tiometer haft. Th' potentiom er re

mains ngag d with the dial r gardle 

of the method of operation, thu fa ili

tating adju tment of zero po ition 

b fore the recording i made. 

The e drives ar readily mount d in 

p]a of the e risting manual gear drive 

on the R o cilia or Ji t d on the next 

page. 

The dri ma b u ed with other 

equipm nt' h n he 'IYPE 07-WA or 

TYPE 90 -WA Dial i in tall d. 3 

3 e latest General Radio atalog. 
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Type No. 
1304-B 

*1210-B 
1211-B 
1215-B 

*1208-B 
*1209-B 

1218-A 

Beat Frequency 
udio Generator 
nit cilia tor 

Unit Oscillator 
nit Oscillator 
nit 0 illator 
nit 0 cillator 
nit cillator 

Frequency Range 
20-40,000 cycle 

20-5 0,0 0 cy le 
0.5-50 Mc 

50-250 Mc 
65-500 1\1 

250-920 Mc 
0-2000 Mc 

(* Instruments marked require the Type 907-R rive 
while those not marked r quire the ype 908-R Drive.) 

The amplitude of the ignal from th 
illa.tor mus be held onstant if th 

final re ording is to be a direct indica
tion of rela ive response. The General 

Radio TYPE 1263-A Ampli ude Regu
la ing Power upply , when u ed with 

th TYP •. 121 1-B, 12 15-B, 1209-B or 
1218-A 111 Os illator will provid a 

n tant output voltag . The TYPE 
1304-B B at-Fr quen y Audio Genera

tor and 12 10-B nit R- 0 cillator 

Figure 2. Assem
bly of equipment 
for plotting fre-

; quency charac-
teristic of a Type 
874 -Fl 85 Rejec

tion Filter. The 
Type 1215 -A Unit 

Oscillator is driv
' en by the Type 

9 08-R 9 6  X -Y Dial 
Drive; oscillator 
amplitude is held 
constant by the 
T y p e  1263- A 

A mplitude-Regu
lating Power Sup
ply. The recorder 
is a Variplotter, 

Model 11 00-A, 
manufactured by 

Electronic Associ
ates. 

c ntai n built-in, au omatic-v ltag -
control cir uit . y tern. re pon e an, 
of course, be rec rd d and ompared 
with a r cording of a varying input 
signal if it i i1npra ti able o maintain 

a constant inpu ignal. 

Fig. 2 how a e -up in which th 
regulated output of a TYPE 1215-B 

o illator i. being swept over the range 

of 50 to 250 M and fed into a TYPE 

874-F185 Low-Pa Filt r. The recti
fied outpu from the filter and the dial 

position voltag ar plotted by an X-Y 
re order with the result ho\ n in Fig. 
4. Figur 3 i a blo k iagram of the 
system. It rnay be of intere t to note 
that one an pr pare suitable calibrat d 
coordinate pap r on th r corder by 
fir t manually po itioning the dial to a 

p ifi fr q ue n cy and hen tra r ino-

Figure 3. Block diagram for equipment shown in Figure 2. 

1263-A 

AMP LITUDE 

REGULATING 

P OWER SUPPLY "Y"AXIS SIGNAL 

1 
DEVICE 

I UNDER 

TEST 

1215-B 874-VR 874-K 674-Fl65 874-VQ 674-WM 

,____ ,____ - - - XY J 
UNIT VOLTMETER COUPLING LOW PASS VOLTMETER 5D.n. 

PLOTTE 
OSCILLATOR RECTIFIER CAPACITOR FILTER DETECTOR TERMINATI ON 

I 

� 
' 

D-C �08-R96 ""."AXIS SIGNAL 
SUPPLY r--- DIAL 

DRIVE 
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0 

_Q 
"C 

I 2 
Figure 4. Plot ob- U) 

(/') 3 tained on recorder g for the measurement 4 

----

shown in Figure 2 z 5 
and 3. Horizontal 0 
and vertical co or- t-

a:: 
dinates were drawn w 

by recorder. (./) lO 
z 

20 
50 

the pen iu th direction . After thi 
procedur ha b n ·ompleted for prin

cipal valu of frequenc suitable 
values of th Y axi v ltag are fed in 

and the pen raver d along the X axis. 

If thi grid is drawn on ra ·ing paper 

prints can be made to provide pecial
ized plot ing paper. 

The TYPE 1304-B Beat-Frequen y 
udio Genera tor has been de igned 

with a logarithmic dial, thus conven
iently permitting the u e of commer
cially available audio-frequenc semi

log pap r. Thi feature i a great ad
vantag in amplitude frequency tests on 
lines amplifi r , loud p ak r , filt r , 

equalizers, tran du er an ther net
works. 

An intere ting appli a ion of the 

sweep technique in th audio rang i 
hown in Figure 7. While me tap 

/ v � 
� 

I 

A U G U S T, 1 9 5 6 

;\ 
""' J \ 

!"-. v \ 
I 1 
I I 

V\ 

i 

\ 

\ 
60 70 80 90 100 120 140 160 200 240 

MC 

r order' record and play back at the 

am time the leakage of th bia signal 
betw n he two heads may influ n 
the apparen output re pon e lev 1. To 
obtain the mo reliable re ult , h

inpu signal hould fir t b r corded and 
then played back on a ubsequen rerun. 
Since the oscillator i being driv n 
synchronously, it i po ible to in ert a 
fr quency marker on h original ignal 

fed o th tape re ·ord r, which can be 
u d to key the recorded ,,.e p of h 

scillator with the output ignal from 
the tape r order. 

To provide grea er ver ·atili y in the 

us of h e dial drive , two spe ds are 
offered in each f the ' o size . 'I'he 
higher-speed model op rate wi h a 
"'elf-reversing yn hronou m t r while 

the lmYer- peed model'"' ar driv n by 
ounterclockwi (incr a ing fr u 1 cy 

Figure 5. View of the Type 13 04 - B  Best- Frequency Audio Generator and X-Y Dial Drive, with Moseley 
Model 6 0  Logarithmic Amplifier and Model 3 Autograph X-Y Recorder, arranged to measure the audio 
network shown in the foreground. The logarithmic amplifier, whose d - c  output is proportional to the 

logarithm of the a-c input, permits the use of an amplitude scale linear in db. 
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on GR oscillator ) motor . On these 
lower- peed unit , a friction clutch i 
upplied to pr vent damage if the 

mo or i s  permitted to run after the dial 
ha reach d its s op. 

rro ac ommodate the wide range of 
d-c Yol age rang that may be desired 

from the position potentiometer, bind

ing po s are provided for the insertion 
of a elected d-c supply. Binding po t 

are al o available for the po i ion ignal. 
rlh dire - 'L.Upled, manual-drive knob 
can be u ed to center the potentiometer 
about any dial . et tin rr. 

FREQUENCY IN CYCLES PER SECOND 

Figure 6. Close -up 
view of the Type 
908-R X -Y Dial Drive 
ins talled on the Type 
1 304-B Beat-Fre

quency Audio Gen
erator, This generator 
is ideal for audio
frequency plotting, 
because it covers the 
entire audio range in 
a single sweep o f  
the dial and its out
put voltage is con
stant lo :t: 0.25 db. 

These drives find many important 
applications i n  both laboratory de

velopment and production testing, be
cause they offer advantages of a rapid, 
reliable, emi-a itomatic test uncom
plicated by the tediou ta k of reading, 
logging and plotting point by point 
values. It can produce an accurate 
graphic performance record that is eas
ily compared with acceptance tand
ards and on which can be reproduced 
for record files, certification reports and 
customers information. 

. A. CLEMOW 

Figure 7. Graphic rec
ord of the frequency 
response of a tape 
recorder. The test volt
age source was the 
Beat-Frequency Audio 
Generator shown in 

Figure 6. The vertical 
line at 100 cycles is 

the Frequency calibra-
tion reference. 
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S P E C I F I C A T I O N S  

Power Supply: Motor: 105-120 volts, 50-60 
cycles, 3 watts. Potentiometer, see below. 

Dimensions: 907-R, 4 (diameter) x 3Ys (deep) 
inches. 

908-R, 5% (diameter) x 3Ys (deep) 
inches. 

Pinion Dial 

Weight: 907- R, one pound, 11 ounces. 
908-R, two pounds. 

Note: Data are for 60-cycle operation. Multiply 
speeds by % for 50-cycle operation. 

Center-tapped Max 
P olentiometer Potentiometer Reso-

Type Dial Speed Speed Rotation Resistance Current lution 

9 0 7-R18 
9 0 7-R 144 
9 08-R 12 
9 0 8- R96 

Type 

907-R 18 
907-R 144 
908-R 12 
9 08-R96 

--
907 Yz RPM 18° /min ccw 20 kn 
907 4 RPM 144° /min Self- reversing 20 kn 
908 YzRPM 12° /min ccw 50 kn 
908 4RPM 96°/min Self-reversing 50 kn 

X-Y Dial Drive . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .  

X-Y Dial Drive .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
X-Y Dial Drive . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
X-Y Dial Drive . . . . . . . . . . . . . .. ... . . . . . . . . . . . . . . .  . 

10 ma 
10 ma 
10 ma 
lOma 

Code Word 

EARLY 
EDUCE 
EGRET 
EJECT 

0.40 
0.40 
0.2° 
0.2° 

Price 

$55. 00 
55. 00 
55. 00 
55. 00 

A 120-CYCL E SOURCE FOR EL ECTROL YTIC 

CA PACITOR TESTING WITH THE CAPACI� 

TANCE TEST BRIDGE 

In most applications of electrolytic 
capacitors, a significant 120-cycle ripple 
component is superimposed on the ap
plied unidirectional voltage. For this 
reason it has become widely accepted 

standard practice to test such capaci
tors at that frequency rather than at 
the more readily available 60 cycles. To 
meet this requirenient, a modification 
of the 60-cycle TYPE 1611-A Capaci-

figure 1. View of the Capac itance Test Bridge (left) with 120- cycle oscillator (center) and Unit Variable 
Power Supply (right) for furnishing the d- c polarizing voltage. 

www.americanradiohistory.com

www.americanradiohistory.com


GENERAL RADIO EXPERIMEN TER 10 

tance Test Bridge ha been available 
for some time.1 The modification a 
shown in the schema tic diagram (Figure 
2), on ists primarily of the addi ion of 
terminals for connection of an e.rternal 
generator and of providing 120-cycle 
tuning for the internal detector. 'vitch
ing is provided so that either the 
standard circuit or the sp cial con

figuration can be u d. 
Because the input impedance to the 

bridge varies between 1 ohm and 1000 
ohms, most available audio o cillator 
are not capabl of delivering en ugh 

voltag directly to the bridge ov r it· 

entire range for adequate sensitivity of 
balanc . multiwinding impedan e
mat hing transformer is frequently re
quired to d liver adequate energy to the 
bridge, particularly for the 1000 multi
plier setting, and, in any event, a trans
former is required to isolate the a-c 

ource from the d-c polarizing voltage. 
A recent modification of the TYPE 

1214-A Unit Oscillator, the TYPE 
1214- 2 120-cycle 0 cillator has a 
power output approaching the maxi
mum that the bridge arms will with
stand. Thi inexpensive o cilia tor pro
vides the 120-cycle source, the im
pedance matching, and the isolation. 

An output tran former is provided, 
tapped to pro ide optimum match to 
the bridge for each of the four ap
plicable multipliers. panel witch 
selects the proper tap, and the engrav
ing correspond o the mul iplier mark
ings of the bridge, Xl, 0, _,(_ 100, and 

XlOOO. 

Other F requencies 

For the m a urement of electrolytic 

"Electrolytic Capaci or Testing at 120 Cycles", General 
Radio Experimenter, Vol. 2 , o. 6, ovember, 1953, p. . 

TUNED 

AMPLIFIER 

+ 

UNKNOWN 

EXTERNAL 
GENERATOR 

+ 

DC 

Figure 2. Elementary schematic of the bridge. 

capacitors over a range of low audio 
frequ ncies, it i convenient to ni.ake 
us f the i1npedance-ni.atchir g tran -
form r and swit hing provid d in the 
new o illator. ccordingly, a jack is 
provided on the pan 1 of the o cillator 
by mean of which an external ource 

can be connect d. 
The bridge circuit i d igned for 

optimum sensitivity at 60 cy les, and 
ubstantially the ame p rformance is 

obtained at 120 y 1 the mea ur
ing ·frequency i rai ed, ho,, ver, the 
bridge en itivity factor decrea s and 
above about 400 c cles i inver ely pro
tional to frequ n y. Figure 3 hows the 

variation of the bridge sensitivity fa -

t r 2 for the differ nt set ings of the 

CAP IT dial. The sensitivity 

fa tor i ind pendent of multiplier 
etting, but the oltag applied to he 

brido-e varies wi h ratio arm t ino-, as 

Za 
Zb 2 Defined a.s S = -----za d, where d i the precision of 

1+zb 
s tting of the reactive balance 
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hown in the following tabl 

Bridge �I u,ltiplier 

x 1 
x 10 
x 100 
x 1000 

Approx. l'" oltage (rms) 
Applied to Bridge 

1 
6 
2 
0.6 

Th upper frequency limit for ati -
fa ory operation is thu a func ion not 
only of available detector ensi ivity 

and applied voltage but also of the 
mag11itude of the capacitance being 
m a ·ured a.nd of the a ccura y of meas
urem nt de ired. With the internal de

tector, mea urem.ents can be mad at 1 
kilocycle on e en the highe t multiplier 
with a re olution of about 1 %. If high r 

resolution i desired, a mor en 1 ive 
detector can be connected externally to 
th external-filter jack of the bridge. 

For be t results the ex ernal dete tor 
should hav a 20-db di crimination to 
harmonic and noi e. 

Dissipation Facto r 

The di sipation factor range of the 
bridge is directly proportional o fr -
quency. At 60 cy les the range i 0.6 
(60 �), at 120 cycle 1.2 (120 0) and at 

400 cycles 4.0 (400 0). Thi variati n i 

compa ible with th norm.al tendency 
of high-Yalue electrolytic capacitor 

how di ipation factors rising with fre
quenc a a result of fixed series r -

i tan ·e. 
The effe tive a cura ·y of di ipa 10n 

factor m asur ment d crea e at the 
high frequ n ie . In addition to the 
probl m of re idual pha -ano·le error 
within th bridge, the probl m of mak
ing a a i factorily low re i tat n
n ction o the capa itor und r mea ur -
ment i a er10u one. For exampl at 

Figure 3. Variation of bridge sensitivity with 
frequency for different settings of the CAPA

CITANCE dial. 

A U G U S T, 1 9 5 6 

10,000 µf and 1 00 cycles a series re
sistance of 0.001 ohm in lead or connec
tion produ es a di ipation factor of 0.6 
(60%). For u h an xtreme ca e the 
limitation on ac uracy i external to the 
bridge; for less xtr m combina ion of 

frequency and capa itance the a curacy 
of dis ipation factor i ::1:::: 2% of dial 
readino- =±:: .0005 (f /60). 

Applied Voltage 

The a-c voltage applied to the capaci
tor under e t i  ah a s omewha lower 

than the voltage appli d to the bridge, 
hown in he ta bl above, since the 

ratio arm i in eri with the unknown.. 
The d-c polarizing voltage should nor
mally be greater than the p ak value of 

a-c test voltage. The voltages applied 
by the TYPE 1214-A 2 Oscillator are 

afely below ordinary voltage rating 
for any giv n range. If, however, r -
duced t t voltage i de ired for capaci-

or of ry 1 w d- rating or for any 
other re on an adju table re..,istor may 
be onne ed (in ri s or hunt) b -
twe n the oscilla t r and the bridge to 

et to an arbitrariJy p ified level. 

-I. G. EA TO 

>- 0.3 l--��-+-��---1-___::!lo,.-���-+-"""-' 
I
> 
1-
(/) 
z 
w 
(/) 

w 
> 
I-
<{ 1--��-+-��---1-�����-+-� _J 0.03 
w 
0:: 

FREQUENCY IN CPS 
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G ENERA L RADI O E XPERIMENT ER 12 

S P  E C I  F I  C A T  I 0 N S  FOR TYPE 1 2 1 4-AS2 UNIT OSCI LLATOR 

Frequency: 1 20 cycles ±2%. 
O utp ut Impedance: Four impedan e to match 
the impedance of the 'lTPE 1 6 1 1 -A 2 apaci
tance Test Bridge at four multiplier position . 
O utp ut: At least 200 m illiwatts into matched 
load. 
Controls: Output impedance witch and power 
s"'ritch .  

Distortion: Le s than 3% into a matched load. 
Terminals: The output terminals are j ack-top 
binding posts w ith tandard %-inch spacing ; u 
ground terminal is provided , adj acent to one of 
the output terminals. Jack is provided for con
n ecting external o cillator. 

Power S upply: n like mo t in rument of the 

nit line, the power uppJy i built into th 
in trumen t ·  1 1 5  volt , 40-60 cycl ; power con-

umption i about 16 watts. 
A c cessories S upplied: pn.re fu ; th pow r 
cord is integral with the un it. 

T ube : One 1 1 7N7-GT, which is upplied with 
the instrument. 

Mo unting: Aluminum pan 1 and side fu1i hed in 
black-crackle lacquer. Aluminum du t cover 
finished in lear lacquer. Relay-rack adaptor 
panel available. 

Dimensions: ( Heigh ) 5% x (width) 5 x (depth) 
674' inche over-all not in l uding power-line 
con nector cord. 

Net W eight : 4Y2 pounds. 

S P E C I F I C  A T  I 0 N S  FOR TYPE 1 6 1 1 -A S2 CA PACITANCE TEST B R I DGE 

Capacitance Range: 0 to 1 1 ,000 µf at 60 cycle . 
1 µf to 1 1 ,000 µf at 1 20 cycl or other external 
frequency. 

Dissipation - Factor Range :  0 to 60 at 60 cy le . 
Range proportional to frequency. (O to 1 20 %  at 
1 20 cycle .) Dial readings must be multipli d 

by the ratio /
0 

for frequencies other than 60 

cycles. 
Acc uracy: Capacitance ± 1  %. Dis i pa tion fac-

tor ± (2 %  of dial reading +0.05o/, x [
0 

dis ipa

tion factor) . 
Detector Filter: Tuned to 60 or 1 20 cycle , e
lected by switch. Jack provided for use of an 
external filter for other frequencies. 
External Generator: Required for frequencies 
other than 60 cycles. T PE 1 2 1 4-A 2 0 cillator 
de cribed below is recomm n ded for 1 20-cycle 
mea ur rnents. 
Polarizing Voltage: Terminals are provided for 

Type 

connecting an external d-c polarizing voltage. 
The maximum voltag that hould be im
pressed is 500 volts. 

One of the terminals i grounded o that an 
a-c operated power supply with grounded out
put can be u ed . The terminal capacitance of 
the pow er upply do n ot affect the bridge 
circuit. 

Power S upply Voltage: 1 05 to 1 25 (or 210 to 250) 
volts, 60 cycles. Power Inp ut : 15 watt . 

Accessories S upplied : TYPE CAP-35 Power 
Cord and spare fu es. 

Mo unting: Portable carrying a e of l uggage
type con truction. Case is completely shielded 
to i nsure freedom from electro tatic pickup. 

Tube Compl ement: One each 6 ""5-G'l /G, 61 J7,  
and 6U5. 

Net Weight: 30 % pounds. 
Dimension s :  (Width) 1 4 Y2 x (depth) 1 6  x 

(height) 1 0  in he , over-all,  including cover a n d  
handles. 

Code Word Price 

12 1 4 -A S2 
1 611-A S2 

Unit Oscillato r (incl uding power s upply) • • . • . . . •  

Capacitan ce Test Bri :fge . . . . . . . • . . . . . • . . . . . . . .  

AB BOT 
FAVOR 

$ 95. 00 
$5 45 . 00 

G E N E R A L  R A D I O  C O M PA N Y 
2 7 5 MA S SA C H U S ETT S A VEN UE 

CAM BRID GE 3 9  MA S SA C H U SET T S  

TELEP H ONE : TR o w b r i d g e  6 - 4 4 0 0 

B R A N C H  E N G I N E E R I N G  O F F I C E S  
N E W  Y O R K  6 ,  N E W  Y O R K  

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

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

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

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

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

C H I C A G O  5 ,  I L L I N O I S  

9 2 0 s 0 u T H M I c H I G A N A v E N u:E 

T E L , - W A b a s h  2 - 3 8 2 0 

P H I L A D E L P H I A  O F F I C E 

1 1 5 0  Y O R K  R O A D  

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

T E L . - H A n c o c k  4 - 7 4 1 9  

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

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

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

I 
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