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HAVE YOU A TYPE 65 0 I M PE D A N C E B RI D GE ? 

IN THIS IS S UE 

Page 
MULTIPLE PHOTOS 

""ITll THE MICRO-
J.'LASH . . . • • • . . . . . . •  5 

MEA,;URING LATERAL 
MoTro s 1 'A RoTAT-
l Y TEM WITH 

Tll E STROBOL x. . . . . 6 

e 0 NE 0 F THE MOS T POPULAR 

General Radio laboratory in.stru1nent , 
since it wa first introduced in 1933 has 
been the TYPE 650 Impedance Bridg -
witne s a sale of o er 3700 of th e in tru

ments to date. By mean of thi brjdge re
si tor • induct rs and capacitor can be 
mea ured rapid]; and conveniently over a 
wid range of alu s. 

On many occasions, the need arise for 
using an auxiliary audio amplifier to increa e the ensitivity of bridge 
balance wh n em.ploying either headphones or an a-c galvanometer as 
th null de ctor. For this purpo e General Radio ha ucce sively 
offered the TYPE 514 and 
TYPE 814 Amplifiers, and 
at the pre ent tim the 
TYPE 123 mplifier and 
Null Detector. 

The TYPE 650 Im.
p dance Bridge is eH-

nergized by (our No. 6 
dr ceJls housed in the 
bridge cabinet. The e dry 
cell upply d-c power f r 
the Wheat tone bridge 
mea ur ment of resi L
ance and dri e a  one kilo-

Frc RE 1. View of t.he TYPE 
650-A Impedance Bridge wit.b 
battery compart.ment at. t.he 

rear. 
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GENERAL RADIO EXPERIMENTER 

FIGURE 2. P<.:nel iew of 1.he TYPE 650-Pl 
OscilJal.or- mplifier, howing 1.op of bridge 
panel. Conn ction.s are ea j) made from either 
1.he d-c or j 000-cycle I rminal 1.o the � 

TER AL G ENERAT OR t rminals of the 
bridge. 

cycle microphone hummer for bridge 
measurements of either inductors or 
capacitor . While such an arrangement 
is essential for field u e' here pow r line 
are not available, mo t of th e bridge 
are used e lusi ely in laboratories 
wh re a-c main are alwa available, in 
which case it would be d irable to di -

pense with the dry cell and operate the 
bridge directly from the power line. 

To meet these tw o d jrahle require
ments, th Genera] Radio Com.pan. 
now offers the TYPE 650-Pl 0 cillator
Anipli:fier, a useful combination unit 
which is designed to fit into Lhe cabinet 
compartment form rly housjng the dr_ 
cells. This 650-Pl compri e : 

(1) A source of d-c oltage for re -i tor 
measurements. 

(2) A one-kiloc de vacuum-tub os
cillator t.o r place the mi crophone hum
m er . 

(3) An amplifier of sufficient gain for 
all uses of the bridge. 

This auxili a1 y unit i nergized from a 
single-phase a-c power line at a fre
quency of 50 to 60 cps, and having a 
nominal voltage of either 115 or 230. 
The pow r consumed i about l 0 watts. 
The unit is assembled in a m tallic 
cabinet ' ith a top control panel which 
replaces the woode� cov r of the batter 
compartm nt. 

When. installed, a short plug-termi-

2 

nated jumper connects -Lhe bridge input 
terminal to adj acent d-c or one-kilo 

ycle terminal on the panel of the 
auxiliary unit. By means of an int rnal 

hie]ded cable a connection is made 
between the bridge detector terminal 
and the input "of the amplifier. The 
phones or a-c galvanometer (neither of 
which are supplied) that are to be used 
as the null detector are then attached to 
t rminals on th auxiliary unit. The 
TYPE 483-F Output Meter is a u  eful a-c 
gal anometer for this purpose. A com
plete set of in tructions for installin g and 

perating the TYPE 650-Pl i supplied. 

The power- upply rectifier is a 6H6 
du plex diode :fun tioning a a v olt age 
doubl r. The maximum permi ihle value 
of the filt red d- output is applied Lo 
Lhe bridge. This i con iderably in ex 
of the 6 olts origin.aJJ available from 
batterie , so tha-t the en iti i Ly of bal
ance when mea uring the larger values 
of r si tance ( n megohm ma 'imum) 
i definitely enhanced u ing the galva
nometer already incorp rated jn_ the 
TYPE 650 Bridge. 

The o e kilocycle oscillator employ 
a 6SL7GT duplex triode, one triode 
functioning as an ci llator and the oth r 
as a buffer amplifier. The oscillator is of 
the R-C feedback type and can be more 
accurately tuned to one kilocycle than is 
prac tical with th microphone hum.m. r, 
thus Illlll1m1zing inherent frequen.c 
errors in the reading of the Q or D dial 
of the bridge, ince the calibration of 
the e dial is a function of 1:he operating 
frequency. The oscillator frequency i 

ubject to a 20-cycle warm-up ri e over 
a one-hour inter al and i adjusted at 
thermal equilibrium 1:<> within ± 5 cycle 
of one kilocycle. Between the o cillator 
and the buffer amplifier is in ert d an 
o cilla1:or gain control permitting a full 
range adjustment of the a-c oltage 

Copyright, 1946, General Radio Company, Cambridge, Mass .• U. . A. 
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applied to the bridge. This featur , 
which is not available in the original 
TYPE 650 Bridge unless a separate osciJ
lat.or is us d, is desirable in mea ur:ing 
iron-cored inductors at low flux densitie 
approach initial permeabilit. . 

Between the output of the buffer 
amplifier and the bridge input t rmina] 
is interpo d a 5/ tep-down tran -
former which is doubly shi lded and de
signed to give maximum over-all ffi
ciency with "the TYPE 650 Bridge and to 
minimize certain re idual capacitance 
error . Thi transformer contains sepa
rate electrostatic shi Ids around the 
primary and secondary winding with a 
substantial eparation between them. 
The primary shield is grounded, whil 
"the secondary shield is connected to that 
secondary "terminal which leads to the 
junction of the A and N arm of the 
bridge. This arrangement places a negli
gible capacitance of 9µµf aero the 
standard capacitor (10,000 µµf) ridge 
arm, and introduces a capacitan e of less 
than 36 µµf (4.4 megohms reactan.ce) 
acros the CRL rheostat arm (10 kilohm 
maxim.um). so that the error introduced 
is also negligible. 

APRIL, 1946 

The full output of the oscillator some
what exce ds that of the microphone 
hummer and ha a distinctly purer wave 
form. Twent milliwatt into a matching 
load of 2 kilohms may be obtained with 
a harmoni cont n"t of le than 2% at 
fuU output. The open circuit voltagf" is 
in e cess of 12 olts, and the hum level 
i le than 15 millivohs. 

The amplifier compri es two tage 
utilizing a econd 6SL ?GT tube. The 
fir t tag i tuned by means oJ a degen
erative R-C network to afford peak gain 
and maxim.um selectivity at one kilo
cycle, thus facilitating bridg balances 
by :rmmrmZlllg harmonics, especially 
when measuring nonlinear circuit ele
ments such as iron-cored inductors. An 
open circuit voltage-ratio gain in excess 
of 50 db is available with a discrimina
tion in exce of 10 db at 0.5 and 2 kilo
cycles. With average phones a gain of 
about 45 db is realized. This amplifier i 
pr ceded by a gain control affording full 
range adju tment of detector en itivity. 
The hum le el i le s than 10 milli oh . 

blocking capacitor remo e any d-c 
component from the output to the 
phones or a-c galvanometer and par-

Fie R 3. lementar chematic circuit diagram oft e TYPE 650-Pl 0 cillator- mplifier. 

60�._____lll 

FRON 650 
BRIOGE 

AMPLIFIER 
GAIN 

SCALE.Hen<."! 
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GENERAL RADIO EXPERIMENTER 

tially resonates the average headphones 
to one kilocycle. Crosstalk between. the 
oscillator and amplifier components is 
reduced to an imperceptible mm1mum 
by the use of isolation filters and com
partment shielding. 

n. order that this same amplifier may 
conveniently be used when making a 
bridge measurement at some frequency 
other than one kilocycle (using, of 
course, some other oscillator) a switch 
is provided whereby the tuning network 
may be removed, thus giving the ampli
fier a flat gain characteristic. This flat 
amplifier has a gain of about 60 db at 
one kilocycle, dropping by 0.6 db at 100 
cycles and 3.5 db at 5 kilocydes. The 
hum ]eve] is less than 400 millivolts. 

The hum levels for the two amplifiers 
quoted above are obtained when em
ploying a resistive load such as the TYPE 
483 Output Meter. Due to resonance 
selectivity, when using head phones 
these hum levels are reduced about 20 
db and become audibly imperceptible. 

On the control panel of the TYPE 
650-Pl are the follo"" ing items: an input 
socket for attachm nt o an a-c power 
line together with a line switch and pilot 
light; d-c, 1-kc and phone terminals; a 
switch for sele ting either d-c or 1-kc 
excitation of the bridge; a switc for 

rendering the amplifier flat or tuned to 
1 kc; and separate control kn.obs (un 

calibrated) for adju t• g the o cillator 
output level and the amplifier gain. 

While the TYPE 650 Impedance 
Bridge will continue to he sold eqillpped 
with the microphone hummer and dry 
batteries, the addition of this new auxil
iary unit should prove beneficial to man 
o]d and new users of this bridge. 

The TYPE 650-Pl 0 cillator-Arnplifi r 

is specifically designed to be u ed with 
the TYPE 650 Bridge. However, as an in
dividual item, it should prove usefu] 
with many other bridge systems, pro
viding, in compact form, both a one 
kilocycle o cillator for exciting uch a 
bridge and an amplifier for the bridge 
detector. The unit can also ser e a a 
convenient source of well-filtered d-c 
power (hut cannot be used simultan -
ously as an. oscillator-amplifier). The 
open-c·rcuit d-c voltage is 190 volts ·with 
a hum leve] less "than 0.1 volt, and the 
regulation is closely linear and repre
sented by the equation: 

Termina] oltage = 190 - 231 
wherein I is the load curr nt in milli -
amperes. o harm i done by hort
circuiting the d-c terminals w ·ch affords 
a maximum current of 8 milliamperes. 

- HORATIO w. LAMSO 

S PE C I FIC A TIO N S  

0sci11 at  or: Frequency-1000 cps· ±1 %; 
Harmonics -less than 2 % at full output; 
Open-circuit Voltage -continuously adjust
able up to maximum of 12 to 5 vohs; Internal 
Impedance - 2000 ohms; Huill Level -15 
millivolts. 

Am p I i f i e r : Voltage Gain (with average 
phone ) - continuou ly adj u.stable up to about 
45 db; Attenuation to econd Harmonic (when 
tuned to 1000 ycles) -approximately 15 db. 
Hum Level - inaudible. 

D - C 0 U t p U t : Maximum Current - 8 milli
ainperes, no adju tment provided; can be short
circuited without damage; Hum Level (no 
load)-l essthanlOOmv;Open-CircuitVoltag 
190 volts, approximately; Internal Re istance 
- 23,000 ohms. 

Power Supply: 105 to 125 (or 210 to 250) 
volts, 50 to 60 cycles. 

Power I n pu t : 10 watts. 

Va cu u m Tub es (supplied): 
1 - 6H6 type 2 - 6SL7GT type 
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Ac c es s o r i es S u p p I i e d : Connector for use 
between bridge and oscillator-amplifier; line 
cord-and-plug assembly; spare pilot lamp; one 
TYPE 274-M Plug. 

Type 

APRIL 1946 

Dime n sio n s: Cahinet-107'2 x 2}2 �x 6% 
inches; Panel -12 x 3% inches. 

Net Weight: 9 pounds. 

Code Word 

650-Pl Amplifier-Oscillator . . . . . . . . . . . . . . \ BOGUS 140.00 

M U LT I PL E PH 0 T 0 S W I TH TH E M I C R 0 FL ASH 

e AN ELEC T RONIC S EQUENCE 

T I M E R , developed by the Air Tech
nical Service Command at Wright Field, 
perm.its multiple exposures on a single 
film to be made with the Micro:flash. 
Developed by Captain C. H. Coles of 
the ATSC engineering division, the 
timer utilizes the constant rate of volt
age increase across a linearly charged 
condenser to excite six amplifiers which 
are set to progressi ely decrea ed sensi
tivi y. Each amplifier trips one Micro
flash lamp. 

The interval between fl.ashes is varied 
by simply turning djals on the sequencer 
panel, and the total tim. required for all 
six pictures can be adjusted between 0.6 
second and 0.0003 econd. 

The photograp of Figure 2, which 
shows thr e exposures of a 0.50 caliber 
machine-gun bullet was timed by th 
electronic sequencer. 

ASTC engineers found many uses for 
the Microfl.ash during the war, in addi
tion to bullet photography. Among 

FIGURE 2. The electronic sequence timer and a 
battery of i MicroAash uni"t.. Captain . H. 

ole · of the Air Technical ervice om.mand, 
who de eloped the timer, i.s shown at the con 

trols. 

these was the stud of rupturing pro
peller blades. By using -ray film, an 
£/2.5 night aerial camera lens, and a 
special developer, they have taken 
Micro.flash pictures successfully at dis
tance of 40 to 50 feet from the lamp. 

FIGURE 1. Three-exposure photograph of a 0.50 caliber machine-gun huJlet. 
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MEAS U R ING LATERAL MOT IONS IN A 

ROTATING SY STE M W ITH THE STROBOL U X  

e A N 0 V E L A P P L I C A T I 0 N for the 
TYPE 648-A Strobo]ux has recendy 
turned up in connection ith the meas
urement of mall lateral motion in a 
rotating shaft. 

n investigation of the e minute 
irregularities in the moving parts of 
their line of tachometer was being 
carried out by the Barbour Stockwell 
Company of Cambridge, Massachusetts. 
These tachometers are of the conven
tional fly-ball type. having three weights 

paced at 20° around ·the pind1e, each 
connec1:ed by one link to a sliding collar 
near the other end of the spindle. A heli
cal compre ion pring urrounding the 
spindl e between the fixed and s]iding 
collars t nd to para1:e 1:he e colJars. 
Centrifugal force moves 1:he weights 
outward from th haft, thus causing the 
link to wing outward from their ta-

tionary position parallel to the shaft. 
his moves 1:he sliding collar along the 

shaft toward the fixed collar in oppo i
-iion to the restoring force furnished by 
the helical spring. The position of "the 
sliding collar i translated into dia] read
ing by mean of a spring-loaded follower, 
bearing against the face of -ihe sliding 
collar and connected "to the dial mech
amsm. 

In the cour e of the inve 1 i gation, a 
contour comparator of the farni1iar 
shadow-projection type was used. Thi 
con ists of a light source with a suitable 
lens and mirror combination so arranged 
that a harply defined and greatly en
larged shadow of the sample is projected 
upon a ground glas screen. For measure
ment purpo e , the creen had vertical 
and horizontal reference lines. Gradu -
ated micrometer ere' s were pro ided 
to move the tage in a plane norma1 to 
the light beam so any point on the image 
could be et to the fi ed r fer nee line . 

It then occurred to Mr. Frank P. 
ii.kins, one of the engineers working 

on the project, that the dynamic condi
tions might be rather different from the 
static condition . The e could be readily 
ob erved if the light source of the com
parator were replaced with a strobo
scopic light. The arrangement shown in 
Figure I wa set up with the lamp 
housing of a TYPE 648-A Strobolux 
replacing the incandescent lamp. The 
convex glass was removed from the 
Strobolux lamp housing and a piece of 
heavy paper substituted. This had a 
272" hole cut in the center to admit: light 

FIGURE 1. View of the tachometer moun-ted in 
the contour comparator with Stroholux lainp 

above. 
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to the condensing len , while shielding 
the ground glass screen from direct light. 
It was recognized that this arrangement 
would pass only about lOo/c of the avail
able light into the system. 

The tachometer sample wa then 
rotated at a speed of 2500 rpm, and the 
TYPE 631-B Strobotac, which controlled 
the Strobolux, was et to flash at a speed 
only a few rpm less than this. The pic
ture shown in Figure 2 illustrates the 
image which appeared, rotating slowly, 
on the ground gla s screen. A- cyclic 
motion of the spring-loaded follower 
bearing against the face of the liding 
collar was immediately seen. This ap
peared to be caused by a very slight 
wobble on the face of the collar, although 
the condition had not been noticed on a 
static check when the spring urrounding 
the shaft wa extended. Only a little less 
obvious was a small erratic lateral mo
tion. of the shaft which appeared to take 
place slo"' l under the ffe ct of the light 
from the Strobolux. It was also possible 
to observe and to measure the very small 
variations in the radial displacement of 
the three weights. 

Two separate improvement in the 
tachometers were made possible or 

Fie RE 2. View of 
the image appear
ing in the ground 
glass screen of t:he 

comparator. 

APR I L, 1946 

gr atly .facilitated by the u e of the 
Strobolux with this arrangement. 
I Th first was the elimination of a 

mall amount of bouncing of the pring
loaded follower again t the face of the 
rotating liding collar. Before the in
vestigation this had b en manife ted 
only as a very mall and erratic motion 
of the pointer on the dial at medium 
high speeds. 

The second improvement was effected 
by experimenting with the ball bearing 
on the spindle and ob ervjng the result . 
This enabled the en.gin r t fix toler
ance tandard for the e heai·ing that 
will eliminate the mall lateral motion 
of the spindl . 

The engineer on this project felt that 
the re ult were quite atisfactory hut 
de ided to reduce the loss in the strobo
scopic illumination by constructing a 

mal1 holder and reflector for the Stroho
Iux lamp which could concentrate a 
greater part of the available light into 
the small condensing lens of the contour 
comparator. Thi will produce an even 
sharper and brighter image of the sample 
permitting greater accuracy rn the 
mea urements. 

- KIPLl G An MS 
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MIS C ELLANY 

eFOR R A D I O-FREQUENCY IM
PED A NCE measurements Globe Union, 
Inc., of Milwaukee, manufacturer of 
Centralab radio products, have designed 
and built the convenient and attracti e 
console hown here. The sloping desk 
top houses a TYPE 82 -A Twin-T Im
pedance Measuring Network, while in 
the vertical panel are the r-f power 
source, a TYPE 605-B Standard-Signal 
Generator, and a radio recei er for use 
as a null detector. Drawers in the front 
provide a convenient place for toring 
accessories. 

- Manufacturers of capacitors and in
ductors find the Twin-T the mo t pre
cise instrument available for the meas
urement of reactance and lo s at radio 
frequencies. 

IMPORTANT 

Enclosed with this issue of the Experimenter is a new net price schedule for all 
General Radio products. This new schedule becomes effective on and after 

pril 15, 1946. 
Since a number of price change have been made, all are urged to consult the 

new revised list before ordering. 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRI D GE 39 MASSACHUSETTS 

NEW YORK 6, NEW YORK 

90 WEST STREET 

TEL.-WORTH 2·5837 

TELEPHONE: TROWBRI D GE 4400 

B R A NC H ENGINEERING 

LOS ANGELES 31, CALIFORNIA 

1000 NORTH SEWARD STREET 

TEL.-HOLLYWOOD 6321 

OFF I CES 

CHICAGO 5, ILLINOIS 

920 SOUTH MICHIGAN AVENUE 

TEL.-WABASH 3820 
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