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blow 
Keep condensed mercury temperature 

within limits recommended by tube manu¬ 
facturer. 

Be sure cathode base, not the anode end, 
coolest part of tube. Don’t let drafts 

Allow plenty of filament warm-up time 
before applying anode voltage. 

Keep peak inverse anode voltage and 
peak current as low as possible for satis¬ 
factory operation. Use adequate protective 
devices for overload and arc-back protec¬ 
tion. ,// . , ,, 

Here’s a four-word formula to make your mercury-vapor tubes 
last longer— “Handle carefully; operate conservatively.” Below 
are a few suggestions to help you put this formula into effect. 
They will help prevent many of the causes of tube failure, 
such as: loss of emission, high arc-drop, cathode bombardment, 
arc-backs, the liberation of gas, and cathode failure. These 
safeguards are applicable to such tubes as the following General 
Electric mercury-vapor rectifiers: GL-266B, GL-857B, GL-866A/ 
866, GL-869B, GL-872, GL-872A. For more complete instruc¬ 
tions on operation and handling, write for Bulletin GEH-977B. 
Also list the types of G-E mercury-vapor rectifiers you are now 
using. We shall be glad to send you complete service information 
designed to help you get the most out of your mercury-vapor 
tubes. General Electric, Schenectady, N. Y. 

If you use forced air against the bottom 
of the tube, keep the blower on for a few 
minutes after shutting filaments down. 

Keep tubes upright and avoid splashing 
mercury around. When tubes are first 
placed in operation, be sure to apply 
cathode voltage alone until mercury is 
properly distributed. 

teMERCURY-VAPORTUBES 

Do not allow the cathode voltage 
(measured at the pins) to deviate more 
than five per cent from the rated value. 

Don’t overload tubes, even for short 
periods. Maintain full cathode voltage 
during standby operation when tube is 
operated without load. 

Protect the tubes adequately against 
the effects of r-f. 

GENERAL ® ELECTRIC 
161-M-8860 



CITED for VALUE 
“performing distinguished service 

to those engaged in wartime 
radio-electronic work” 

YES, WE ARE PROUD OF THE COM¬ 

MENTS that are being made about 

Radio-Electronic Engineering in its 

new format. But we’d like to step back so 

that our contributors can take a bow. 

These are the men who are responsi¬ 

ble for the high standing of RadiO-

Electronic Engineering among radio 

publications. 

Is a magazine leafed through hurriedly, 

set aside, and forgotten? Or is its ap¬ 

pearance welcomed with interest and 

confidence, and appreciation for the 

usefulness of its contents? That depends 

chiefly upon the standing of the men who 

write the articles. 

Those in Radio-Electronic Engineer¬ 

ing are written by the men who conceived 

the ideas or did the work described. 

Thus they present first-hand knowledge 

and experience — rather than second¬ 

hand reporting by staff editors w ho can 

only write w hat they can remember. 

We believe that this accounts for the 

exceptional reader-interest in Radio-

Electronic Engineering. Who are these 

readers? A new' analysis, just completed, 

shows them to be: 

Engineers and executives of 

plants manufacturing radio and 

associated equipment. 1,116 

Civilian and military engineers 

and procurement officers in 

Government departments. 300 

Public utility engineers. 337 

Chief operators at airports and 

commercial stations. 442 

City, county, and state police 

radio officers. 771 

Broadcast station engineers and 

executives. 1,308 

Laboratories, patent lawyers, for¬ 

eign purchasing commissions, 

and miscellaneous. 144 

Radio trade. 295 

Others. 153 

The names of the ranking civilian and 

military engineers and executives in all 

branches of wartime radio-electronic 

activity are to be found in these groups. 

Many of these names appear again in our 

list of contributors. 

Thus it has come about that Radio-

Electronic Engineering is written by, 

as well as for, the men who occupy 

positions of leadership in the radio-

electronic industry. 

RADIO-ELECTRONIC ENGINEERING & DESIGN 



1OU6"? 
Not when 
YOU'RE EQUIPPED 
TO HANDLE THEM 

In addition to the electrical charac¬ 

teristics, many customers' application 

problems are related to the physical 

appearance and dimensions of their 

transformer components. Fortunately, 

the UTC sheet metal division supplies 

practically all the housings, laminations, 

brackets, and other devices which con¬ 

trol the mechanical characteristics of 

UTC units. Instead of restricting de¬ 

signs to specific cases, the sheet metal 

division can run off a special case to 

more closely fit the final transformer 

dimensions, or to effect the particular 

mounting provisions required by the 

application. 

The sheet metal division has 

drawing, forming, and other 

press facilities to cover the entire 

gamut of transformer housings 

from tiny transformer channels, 

to large oil tanks for broad¬ 

cast and industrial service. Since 

these housings are produced at 

UTC, fast service can be given. 

Illustrated are a few (just a very few) typical cases as supplied for some special applications 

IF YOU HAVE A SPECIAL PROBLEM, MAY WE HAVE AN OPPORTUNITY TO COOPERATE? 

UNITED TRANSFORMER CO 
150 VARICK STREET * NEW YORK, N. 

EXPORT DIVISION: 100 VARICK STREET NEW YORK, N. Y. CABLES: "A R L A B" 
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COVER PICTURE 

This photograph, taken in 
the REL factory, symbolizes 
the part which skillful, in¬ 
genious young men arc tak¬ 
ing in the production of the 
superior radio apparatus 
with which our Armed 
Forces are lx*ing equipped. 
Theirs is a great responsibil¬ 
ity, for the failure of a single 
part or connection during an 
engagement with the enemy 
might spell death to men 
whose lives depend upon 
maintaining communication 
with cooperating units. 

¿IMITAD ¿DITIOT^ 
3 Essential Radio 
Reference Volumes 

for 
Engineering, Patent 
& Private Libraries 
Each volume is a 300-page record of 
progress in research and development 
during the most significant period in 
the history of radio progress. The 
information and data contained in 
these volumes are available from no 
other source. 

Each volume has been bound in life¬ 
time pigskin, by the famous Eggeling 
Bindery. 

A limited number of these volumes is 
available. Of the first, only 9 copies re¬ 
main. All are offered subject to prior 
sale at S5.00 each, postpaid. 

FM COMPANY 
112 EAST 36th STREET, NEW YORK CITY 
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PRODUCTION TESTS 

MODEL 670 

ELECTRONIC LIMIT BRIDGE FOR PRECISION RESISTANCE TESTING 

For rapid, precision resistance measurements. Direct read¬ 
ing, accurate to 0.1 of l.%, in ±% deviations from prede¬ 
termined standards. Internal standards to specifications. 

RADIO CITY PRODUCTS New Hue of up-
to-the-minute electrical and electronic test 
instruments are specifically designed to 
meet today’s war-time needs for speed, ac¬ 
curacy and flexibility. 

Special-purpose types meet the most exact¬ 
ing demands of laboratory and production 
line alike, while other models are designed 
"without frills” for udder-latitude applica¬ 
tions. Several typical instruments in the 
Radio City Products’ line are illustrated. 

with R.C. P. ELECTRICAL and 
ELECTRONIC TEST INSTRUMENTS 

Instrument also provides for external standard». External and 
internal standards can be used in combination. Battery 
operated, self-contained with iVi" ga.vanomefer 150. 

MODEL 423 

/ RADIO CITY PRODUCTS COMPANY. INC. 

I 127 WEST 2ÓTH STREET, NEW YORK CITY 

VOLT — OHM — MILLIAMMETER 

Meter sensitivity 2,500 ohms per volt. 
±2% accurate. 5 DC ranges 0-1,000 
volts. 4 AC ranges 0-1,000 volts. 4 
DC ma. ranges 0-1,000. 4 Ohmmeter 
ranges 0-10 meg. db range 
from —10 to +55. Complete 23.50 
In portable case with leads, as il¬ 
lustrated $25.95. 

RCP Instruments are available 
through local distributors. Don't accept 
substitutes. If unable to obtain from 
regular sources of supply order direct. 

RCP's engineering and production staffs 
are active in the design and manufac¬ 
ture of instruments to specifications. 
Your inquiries are cordially invited 

Vacuum tube voltmeter with 6 AC 
ranges and 7 DC ranges, 0-6000 V.— 
input resistance 16 and 160 meg¬ 
ohms. Seven range direct reading 
vacuum tube ohmmeter to 1,000 megs. 
Seven range vacuum lube capacity 
meter to 2,000 mfd. In rugged 
welded crystalline finish case. 

VACUUM TUBE VOLTMETER 

MODEL 666 

130 volt power supply. Provisions for 
battery operation. Complete 

A peak voltmeter designed for measurements 
covering the entire audio range. Meter 4,/j" 
0-200 microammeter. Operates on 60 cycle 105-

W'rite today for Bulletin No. 126 describing 
S the complete RCP line of dependable precision 
instruments. Use convenient coupon below. 

35.50 g’’ 

ELECTRONIC AC DC VOLTMETER 

— OHMMETER CAPACITYMETER 

^^RADI^CIT^PRODU^^^OMPANY 
INCORPORATED 

Gentlemen-. Please send me immediately a copy of 
your Bulletin No. 126. 

NAME. 

I 
I 
I 



RADIO ENGINEERING PROBLEMS 
As Reviewed at the Cleveland Convention of the Institute of Radio Engineers 

BY ARTHUR VAN DYCK* and PAUL GALVIN** 

EACH individual can learn from others 
something useful to his own war work 

concerning materials, precision manufac¬ 
ture. measurements, governmental pro 
cedurc. or other things of vital interest at 
the moment. 

I'he radio industry is doing a tremen¬ 
dous job in the war effort. It has become a 
billion dollar industry. It has converted 
from peace time production to war pro 
duct ion rapidly. 

In so doing it has changed from designs 
involving tolerances so crude that dials 
were arranged particularly to prevent the 
discovery thereof. Io designs of high pre¬ 
cision. both mec hanically and electrically. 
Krom apparatus required to meet only 
the variable conditions between parlor 
and kitchen, it has turned to making ap¬ 
paratus to work reliably from the strato 
sphere to the equatorial desert. 

I'he burden of I his accomplishment has 
* Proident, Institute* of Racio Engine* rs a'i<i 

Manage r, R.C.A. License Labórate, y. 711 Fifth 
Avenue*. New York ( ’it \. 

♦♦ President, Radio Manufart i;i ,*rs A>M»- iat ion and 
President, Galvin Mfg. ('orporat on, ('luengo. III. 

fallen most heavily upon the radio engi¬ 
neers. And well have thee carried it 
without adequate sleep, without fur¬ 
loughs. without rewards or medals they 
are doing the job. 

Perhaps the training received by radio 
men during the past decade, in turning 
out a new line of forty-nine models every 
three months, has stood them in good 
stead. Even a war has perhaps been no 
worse than some of the past convulsions 
at new-model season. 
We have done a good job so far. To 

continue that performance, and to better 
it. we should remember how basically 
vital is radio in this war. 

I'he new mobility of attack, on land, 
sea and in the air. is possible only by use 
of radio communication. The companion 
mobility of successful defense is dependent 
likewise upon radio communication. 

In addition Io these, we have the ap¬ 
plications of radio techniques to new 
instruments and weapons, thereby broad¬ 
ening the field of radio to limits not yet 
clearly seen. 

i'he world is in an age of miracles, and 
ne in radio are among the favored few 
who are bringing them about. We should 
appreciate our responsibilities, but we 
can also take pride in what we are doing. 

In connection with this matter of inter¬ 
change of in'ormatiom I might tell you al 
this time that the Board of Directors 
views wit h some concern the present situa¬ 
tion in distribution of new technical in¬ 
formation. While recognizing fully the 
need for the right kind and degree of 
secrecy, it is recognized also that under 
today’s conditions of rapid advance in 
numerous new fields, loo much secrecy is 
readily possible. 
Complete isolation of workers, and loo 

confined compartmentalization of knowl¬ 
edge. in radio science today, means dupli¬ 
cation of work, ami loss of conf ri hut ion Io 
work in each compart ment from work in 
the others. Each and every laboratory 
thinks of itself as self-sufficient and w holly 
competent, and while all may be so for 
short periods of time, they cannot la- so 
for longer periods. We do not realize. 



unless we study the matter specifically, 
how much of the knowledge existing in 
any one laboratory at any one time, comes 
from all the other laboratories of the 
world, made known by the free inter¬ 
change of technical journals. 

If that interchange is shut off, each lab¬ 
oratory is limited in new knowledge to its 
own contributions. Mere coordination 
through executive heads or committees is 
not importantly beneficial. Ideas come 
from the technical workers themselves, 
and each worker is fertilized only by tech¬ 
nical detail from other workers. 

Ideas in one field are more often 
sparked by work in other fields than by 
work in the same field. It seems quite cer¬ 
tain that if this war continues much 
longer, as it gives every promise of doing, 
ways must be found of obtaining dissemi¬ 
nation of information to loyal workers, 
with security from the enemy, or our 
performance will be dangerously handi¬ 
capped. 
Our enemies are excellent organizers 

in bringing all their abilities into well-
focussed use. We must learn to do the 
same. The Board of Directors is making 
effort to find a way to assist. 

I would like to report to you at this 
time on another war activity in which the 
Institute is participating. This is the 
standardization of radio material for the 
armed services. Radio designs for the 
Army and the Navy have been developed 
independently under different specifica¬ 
tions and requirements, over past years 
in which their service conditions were 
different. 

Now. however, radio technique and 
communication practices are so similar 
in the two armed services that a high de¬ 
gree of standardization between the two 
is possible. Such standardization is of 
course highly desirable from every stand¬ 
point. and the Government agencies con¬ 
cerned have initiated the coordina! ion 
and simplification work involved. 
The work has been in progress for sev¬ 

eral months, under the guidance of the 
American Standards Association and the 
sponsorship of the Institute of Radio En¬ 
gineers. I lie work of the American Stand¬ 
ards Association is of greater importance 
than is recognized generally in peacetime. 
In wartime, when advantage to produc¬ 
tion is urgently needed, such work comes 
into more prominent relief and is more 
readily accepted. This is obviously a 
work of great value to the war effort, but 
it involves much hard work without re¬ 
ward except that to the common good. 
It is being accomplished without fanfare 
ami publicity, and will be reported through 
appropriate channels in due course. — 
Arthur J'an Dyck. 

WE M 1ST marshall real fighting ideas 
and turn our work and our habits of 

working into the groove that will best aid 
in ourcountry winning the war. Those who 
have not negotiated this mental bottle¬ 

neck haven't, as yet. made the proper 
adjustment to the point where they can 
make their very best war effort. 

Engineers too often are inclined to view 
their jobs narrowly. The engineer too 
often prefers to resolve his problem within 
well defined limits and within a field whose 
structure is clearly defined. The engineer 
is too prone to want plenty of time to 
conclude a project with finality in the 
prescribed fashion. 
That is out. positively, for the duration 

of this war. Your problems will never be 
finished. You will be constantly called 
upon to explore new horizons in the radio 
and electronic field. You will be called 
upon for better and quicker answers. 
Courageous enterprise on the part of the 
engineer will be a major contribution to 
our winning the war. 

The text of this and the preceding page 
was taken from Arthur Van Dyck’s ad¬ 
dress of welcome at the I. R.E, Convention 
at Cleveland, and from Paul Galvin’s 
address during the symposium on war¬ 
time engineering, held during the Con¬ 
vention. 

Ideas expressed by these men are of 
such significance to all those engaged in 
the development, design, and production 
of communications equipment for our 
Armed Forces that these excerpts are 
published here for the benefit of those 
who were not able to make the trip to 
Cleveland. 

Because of restrictions on transporta¬ 
tion, this Convention, marking the 30th 
anniversary of the Institute may be the 
last until the War is over. However, activ¬ 
ities of the local Chapters will continue 
without interruption. 

Information about meetings of the 
I. R.E. Sections and membership can be 
obtained by writing to Harold P. West¬ 
man, Secretary, Institute of Radio Engi¬ 
neers, 330 West 42nd Street, New York 
City. 

I might go so far as to say that without 
courageous enterprise on the part of our 
engineers, we might lose the war. We must 
have new and better models of every¬ 
thing. planes, tanks, boats, gunsand radio 
equipment. If we don't, our smart enemy 
will have belter equipment and apparatus 
and we shall be outclassed. 
You are being called upon and will 

continue to be called upon throughout this 
entire war to strain to the breaking point 
to deliver energy, effort and brains, the 
like of which you have never done before. 
A ou may have thought you were very 
busy many times before, but this war 
effort calls for a personal ami social 
readjustment and sacrifice of all engineers 
to where they must give complete devo¬ 
tion tenaciously to their task. 
The engineers are being relied upon to 

come up with intelligent answers which 
the manufacturers can put into produc¬ 
tion in a hurry, and thus put into the 
hands of the Army and Navy large quan¬ 
tities of material for greater and more 
effective striking power. 

In the war effort, radio engineers have 
to be ready and willing at all times to 
tackle the problem of substitution of ma¬ 
terials when it comes up. regardless of 
how annoying it may be. It is part of the 
game. 
One way to keep clear of the critical 

material problem as best .von can is to 
design away from it. And in your design 
activity I caution you to watch this criti¬ 
cal material problem very carefully. It 
will save you. your manufacturer, and the 
Army and Navy many headaches. 

1’he mechanical engineer and the elec¬ 
trical engineer in this effort, more than 
ever before, must have a greater spirit of 
cooperation, one unto the other, in quickly 
working out design problems. The design 
engineer should be more conscious of the 
manufacturing and tooling problems. These 
can be serious bottlenecks in getting ap¬ 
paratus through the plant in quant it ies. 
ami on time. 
Today the radio development and de¬ 

sign engineer has to be more cognizant of 
the other fellow's problems than ever be¬ 
fore. The effectiveness of our industry’s 
war effort depends upon the proper inte¬ 
gration of all of our efforts — and those 
efforts can be so much more fruitful all 
along the line when broad thinking is ap¬ 
plied to the development and design of the 
apparatus when it is still in the hands of 
the engineer. 

Radio men are up against some clever 
engineers in the radio and electronic field 
in both Germany ami Japan. An exami¬ 
nation of the technical literature will 
show you that — and the Nazis have 
turned out apparatus which will com¬ 
mand and challenge your attention. 

I wonder sometimes, if you fellows 
thoroughly realize the importance radio 
is destined to play in the winning of this 
war. The whole pattern of war tactics and 
strategy has been altered by the use of 
radio communication and radio direction 
finders. The coordination of land, air and 
sea forces is accomplished by radio. Pro¬ 
tection from the enemy and firing accu¬ 
racy is accomplished by Radar. It has been 
said that in the aerial battle for Britain in 
the Fall of 1940. radio direction finding 
apparatus which we, in this country, call 
Radar, was a prime contributing factor 
in enabling the R.A.F. to maintain supe¬ 
riority in the air over the Nazis, with a 
much smaller aggregation of flying equip¬ 
ment. 

A Ou are alive. I am sure, to your war 
effort responsibilities but I implore you to 
do more. A Ou must do more. We all must 
do more if we arc to win this war. •— Paul 
Galvin. 

In Preparation: A forthcoming issue of 
Radio-Electronic Engineering will presold 
a comprehensive article on the application 
and use of constant-voltage transformers, 
giving complete data on characteristics 
and mechanical design of standard types 
available for use in radio equipment. 
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FIG. 1, ABOVE, THE FIRST ASSEM¬ 

BLY STAGE. AT THE LEFT IS THE 

MODEL SET WITH ALL PARTS 

MOUNTED THAT ARE PUT ON BY 

THE OPERATOR AT THIS POSI¬ 

TION. MODEL SETS AT EACH 

STAGE SERVE TO MAINTAIN 

STANDARDS OF WORKMANSHIP 

FIG. 2, BELOW, SECOND STAGE OF ASSEMBLY LINE. 

PRE-WIRED SUB ASSEMBLIES ARE MOUNTED AT THIS 

STAGE, AS SHOWN BY SAMPLE SET AT LEFT. OPERA¬ 

TORS MEMORIZE THEIR WORK, USING SAMPLE ONLY 

FOR REFERENCE AND TO CHECK THEIR OPERATIONS 

WARTIME PRODUCTION METHODS 
How REL Has Stepped Up Production of 2-Way FM Emergency Equipment 

SINCE last December, a tremendous de¬ mand lias sprung up for ¿-way FM 
emergency equipment. What wasa normal 
growtli of police use for protective pur¬ 
poses suddenly expanded into a plan of 
offensive action to meet and forestall the 
development of any situation which may 
threaten the lives of our citizens, our in¬ 
dustries. or our public service installa¬ 
tions. In the latter group are power plants, 
substations, dams, reservoirs, railroads, 
bridges, and tunnels. 

All this need for radio equipment, 
added to military requirements, has called 
for new designs correlated with new. fast 
production methods. 

Correlated Planning * That is why th«' de¬ 
sign of the REL Victory model ami meth-

* Engineering Department, Radio Engineering Lab¬ 
oratories, Inc., Long Island City. N. Y. 

BY LESLIE NOZDROVICZKY * 

ods for its production were worked 
out simultaneously. 

As soon as the parts list was available 
from the first laboratory model, considera¬ 
tion was given to combining items into 
such sub-assemblies as would permit ad¬ 
vantageous pre-fabrication before bring¬ 
ing them to the production line. 

At the same time, we went into the 
matter of pre-testing parts and sub-as¬ 
semblies, both to catch defective com 
ponents before they could be wired into 
the chassis, and to simplify final inspec¬ 
tion and adjustment. 
The pre-fabricated units in this equip¬ 

ment, some of which can be seen in Fig. 
5, are: 
1. The RF power amplifier plate trans¬ 

former (not shown). 
2. Power amplifier driver transformer. 
3. Resistor strips. 

4. Meter jack assemblies. 
5. Dynamotor filters and terminal boards. 
6. Cable harness. 
7. In addition, all solid bus wires were 

laid out to be cut and bent in advance, 
and all coil leads were cut to length 
and stripped, ready for soldering. 

Among the more important pre-assem-
bly tests are: 
1. Alignment of all low intermediate fre¬ 

quency transformers to approximate 
resonance. 

2. Checking all other tuned circuits for 
frequency range and effective Q. 

3. Adjusting and locking the power am¬ 
plifier neutralizing condensers at their 
correct capacity. 

4. Testing the dynamotors at their rated 
load. 



dimensioned so that its capacitance does 
not exceed the A C available in the Q 
tuning condenser. 

5-B: Dielectric Constant ★ To determine the 
dielectric constant. «, of a sample ot in¬ 
sulating material: Prepare it as described 
above, and measure its capacitance ac¬ 
cording to the method given in section 
4-B. and call this value (’. Measure the 
area of the active dielectric contained 
between the electrodes calling this value 
.S. and measure the average thickness of 
the active dielectric calling this value t. 
When C is in micro-microfarads and .8 
and t are in inches, the dielectric con¬ 
stant is: 

When .S’ and / are measured in centi¬ 
meters. the dielectric constant is: 

5C: Power Factor and Q ★ To determine the 

power factor or Q ot a sample of insulat¬ 
ing material, the sample should be pre¬ 
pared as described above, and then 
measured as a small condenser as de¬ 
scribed in section 4-1). For convenience, 
the formulas are repeated here: 

If C, and Qi are the capacitance and Q 
of the Q circuit at resonance with the 
sample not connected, anil Ct and Qj are 
the capacitance and Q of the circuit 
with the sample connected, then the Q 
of the insulating material is: 

(Cl - G) Q1Q1 
C> (Q, -

(39) 

The power factor in per cent (for values 
less than about 10' < ) is: 

Power Factor = 
100 

Q 
^(40) 

(C, CJ QQ: 

LARGE CONDENSERS 

6-A: General * A large condenser can be 
measured by connecting it in series with 
a coil and connecting this combination 
to the coil terminals of the Q-Meter with 

the test condenser connected to the low 
potential side of the coil. 

For this measurement a coil is required 
having an inductance which will resonate 
to the desired test frequency with the Q 
tuning condenser set to a high capacitance 
value, so that connecting and discon¬ 
necting the test condenser will produce a 
measurable change in the ( and Q of the 
measuring circuit. 
A resistor having a resistance of not 

over 10 megohms is also required which 
must be connected across the test con¬ 
denser when it is in the Q circuit to pro¬ 
vide a DC path for the grid bias of the 
vacuum tube voltmeter. 

It is important when measuring large 
condensers to observe the precaution of 
including as little inductance as possible 
in the condenser leads during the meas¬ 
urements. as the internal inductance of 
the condenser will usually lie small and 
even an inch or two of lead may cause a 
serious error. It is generally desirable to 
leave the condenser in the circuit and 
short it out at the condenser terminals 

4 
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CIRCUIT CONSTANTS OF 
TYPE 160-A 

Rl Fixed resistor. 1.000 ohms 
R2 Fixed resistor . 200 ohms 
R3 Fixed resistor . 40,000 ohms 
R4 Fixed resistor . 3,000 ohms 
R5 Fixed resistor . 750 ohms 
R6 Fixed resistor . 200 ohms 
R7 Potentiometer . 8.000 ohms 
RS Potentiometer . 200 ohms 
R9 Fixed resistor . 25,000 ohms 

I p R10 Fixed resistor ( 1 %) 25,000 ohms 
1 Rll Fixed resistor. 100 meg. 

R12, R12A Fixed resistor 
(1 unit) . 04 ohm 

R13 Fixed resistor . 50,000 ohms 
R14 Fixed resistor . 1.000 ohms 
R15 Fixed resistor . 3 ohm 
R16 Thermocouple calibrating resistor 
R17 Fixed resistor . 100 ohms 
Cl Ose. tuning condenser (small) 
C2 Ose. tuning condenser (large) 
C3 Fixed condenser. 100 mini. 
C4 Fixed condenser . 3.000 mmf. 
05 Fixed condenser . 5,000 mmf. 
Cti Q tuning condenser (main) 
07 (J tuning condenser (vernier) 

08 Power filter condenser 8 mfd. 
09 Fixed condenser . 1 mfd. 
Ll Oscillator grid coil 
L2 Oscillator plate coil 
L3 Oscillator coupling coil 
L4 IWer filter choke 
1.5 Power transformer 
T1 Mazda 41. 2.5 volts 
T2 Oscillator tube . 102-A 
T3 Q voltmeter tube . 101-A 
T4 Rectifier tube . 5W4 
Ml Oscillator output voltmeter 
M2 Q voltmeter 
TO Thermocouple 



FIG. 1, ABOVE, THE FIRST ASSEM¬ 

BLY STAGE. AT THE LEFT IS THE 

MODEL SET WITH ALL PARTS 

MOUNTED THAT ARE PUT ON BY 

THE OPERATOR AT THIS POSI¬ 

TION. MODEL SETS AT EACH 

STAGE SERVE TO MAINTAIN 

STANDARDS OF WORKMANSHIP 

FIG. 2 BELOW, SECOND STAGE OF ASSEMBLY LINE. 

PRE-WIRED SUB ASSEMBLIES ARE MOUNTED AT THIS 

STAGE, AS SHOWN BY SAMPLE SET AT LEFT. OPERA¬ 

TORS MEMORIZE THEIR WORK, USING SAMPLE ONLY 

FOR REFERENCE AND TO CHECK THEIR OPERATIONS 

WARTIME PRODUCTION METHODS 
How REL Has Stepped Up Production of 2-Way EM Emergency Equipment 

BY LESLIE NOZDROVICZKY * 

SIXC E last December, a tremendous de¬ mand lias sprung up for 2-way FM 
emergency equipment . What was a norma I 
growtli of police use for protective pur¬ 
poses suddenly expanded into a plan of 
offensive action to meet and forestall the 
development of any situation which may 
threaten the lives of our citizens, our in¬ 
dustries. or our public service installa¬ 
tions. In I he latter group are power plant s. 
substations, dams, reservoirs, railroads, 
bridges, and t unnels. 

All this need for radio equipment, 
added to military requirements, has called 
for new designs correlated with new. fast 
production methods. 

Correlated Planning * That is why the de¬ 
sign of the REI. \ ictory model and meth-

* Engineering Department, Ra<ii • Engineering Lab¬ 
oratories, Inc., Long Island City, N Y. 

ods for its production were worked 
out simultaneously. 
As soon as the parts list was available 

from the first laboratory model, considera¬ 
tion was given to combining items into 
such sub-assemblies as would permit ad¬ 
vantageous pre-fabrication before bring¬ 
ing them to the production line. 

At the same time, we went into the 
matter of pre-testing parts and sub-as¬ 
semblies. both to catch defective com¬ 
ponents before they could be wired into 
the chassis, and to simplify final inspec¬ 
tion and adjustment. 
The pre-fabricated units in this equip¬ 

ment, some of which can be seen in Fig. 
5, are: 

1. The RF power amplifier plate trans¬ 
former (not shown). 

2. Power amplifier driver transformer. 
3. Resistor strips. 

4. Meter jack assemblies. 
5. Dynamotor filters and terminal boards. 
(>. Cable harness. 
7. In addition, all solid bus wires were 

laid out to be cut and bent in advance, 
and all coil leads were cut to length 
and stripped, ready for soldering. 

Among the more important pre-assem¬ 
bly tests are: 
1. Alignment of all low intermediate fre¬ 

quency transformers to approximate 
resonance. 

2. Checking all other tuned circuits for 
frequency range and effective Q. 

3. Adjusting and locking the power am¬ 
plifier neutralizing condensers at their 
correct capacity. 

4. I'esting the dy namotors at their rated 
load. 



FIG. 3. LEFT, 3RD AND 4TH STAGES. FIG. 4. RIGHT, PRE-FORMED WIRING HARNESS SIMPLIFIES WIRING AT THE 5TH ASSEMBLY STAGE 

The Assembly Line * The production line 
for wiring and assembling the single-unit 
transmitter and receiver were divided 
into 10 stages or positions. Each stage re¬ 
quires approximately one hour at our 
present rate of production. 
The training of the men on the line 

required two to three weeks before they 
had mastered their operations completely . 
From the start, each man had before him 
a chassis finished up to the point required 
at his position. 

Eor example. Eig. 1 shows the operator 
at the first stage, with his sample chassis 
on which are mounted all the parts he is 
required to install. Similarly, the second 
stage is shown in Fig. "2, and the third 
and fourth stages in Fig. 3. 

Fig. 4 illustrates the fifth stage. Some 
of the finished sets can be seen in the 
background of this picture. I'he ninth 
stage, and the corresponding sample, are 
shown in Fig. 5. 
The men memorized their work during 

the training period, so that the samples 
are now used only for reference, and to 
maintain the original standard methods 
and practices. Wiring or assembly ms-
takes are rarely found, for the men on 
the production line have become highly 
skilled. 

However, to bring the errors to a still 
lower minimum, each man checks the 
work done at the preceding stage. Also, he 
inspects every part and sub assembly he 
handles for mechanical defects. 

( fur man. train's! to do every operation 
required at each stage, works outside the 
production line, lie is able to step in at any 
position in case one of the operators is 
absent . 
Another man supplies parts to the line, 

removes finished sets, ami keeps the sol¬ 
dering iron tips clean. 
The production supervisor inspects tin 

tools, and checks the sets on the line at 
random intervals, so that the men know 
that their work is subject to inspection at 
all times. 

(iood light, the first requisite of favor¬ 
able working conditions, is supplied by 
fluorescent illumination. To relieve mo 
notony. which can be so detrimental to 
working efficiency. music is supplied by 
high-fidelity FM reception. It is interest 
ing to note that the nun show a decided 
preference for jtopular selections played 
by well-known orchestras and for light 
symphonic music. 
A bonus system was established shortly 

after production was started. This pro¬ 
vides the ad vantages of piecework, with¬ 

out attendant evils. Each man working on 
the Victory model receives a bonus every 
payday. I hc amount for cat h man is com¬ 
puted from his salary and the number of 
sets finisheil during the pay week. 

Testing Methods * As the sets reach the end 
of the production line, the inspector 
checks them carefully for mechanical 
faults before they are moved on to filial 
testing. 

I'he testing operations are divided into 
three stages, as follows: 

1. Preliminary test. 
■2. Receiver, modulator, and driver per¬ 

formance tests. 

3. Final measurements of overall per¬ 
formance. 

When the sets reach final inspection, 
they have reached the stage where: 

1. They are completely assembled, they 
have been mechanically inspected, and 
they are all wired except for 

'2. The dynamotors which are mounted 
but not connected, and 

3. The power amplifier screen grid wiring 
which has not been put on. 



FIG. 5, THE 9TH STAGE BRINGS THE SETS ALMOST TO COMPLETION. DESPITE COM PLICATED CIRCUITS, WIRING ERRORS ARE VERY RARE 

4. The low intermediate frequency am¬ 
plifiers are roughly tuned to resonance. 

One man carries out the first stage of 
final testing, while another handles the 
second and third stages. The first test 
position is shown in the foreground of 
Fig. 6. with the second in the background. 
Fig. 7 illustrates the third and last posi¬ 
tion. 

First Test Stage * The first tester, putting 
the sets through stage one. inserts all the 
tubes and the transmitter and receiving 
crystals, ami connects the metering equip¬ 
ment. Current for the filaments and con¬ 
trol circuits is obtained from a storage 
battery. High voltage is furnished by an 
AC-operated I >C power supply. 

At the right of the first test position is a 
sloping-top control box. at which the 
tester can turn the high voltage on or off. 
independently of the filament current. 

First, the tester tunes all circuits not 
previously adjusted to approximate reso¬ 
nance by setting the slots of the trimmer 
condensers at their working positions. 
'1'his is possible because large numbers of 
sets are aligned at the same frequency. 

After this is done, if the set is good, the 
tester will have about 50' ¡ drive in the 

transmitter, and enough sensitivity in 
the receiver to proceed with the alignment 
from a frequency standard. 
The following circuits are metered at 

the first test position : 

I. Current and voltage output of the high-
voltage power supply. 

2. Receiver first limiter grid current. 

3. Receiver detector current. 

4. Transmitter oscillator plate current. 

5. Transmitter power amplifier grid cur¬ 
rent. 

With the set aligned roughly, the fre¬ 
quency standard is turned on. This radi¬ 
ates enough power at the working fre¬ 
quency of the receiver to enable the tester 
to adjust the discriminator to zero de¬ 
tector current. This fixes the resonant fre¬ 
quency of the receiver within 1.000 cycles. 
The frequency standard is then turned 

off. and a signal generator is used for the 
complete alignment process. 
A specially designed signal generator 

is connected to the second mixer grid, and 
its frequency is adjusted for zero detector 
current. The low intermediate frequency 
amplifiers are peaked accurately. 

The signal generator frequency can be 
shifted by a switch to the limits of the 
amplifier band-pass, to check the band 
width of the receiver. 
The final operation is to peak the trans¬ 

mitter multipliers accurately for maxi¬ 
mum drive. Then the set is passed on to 
the second position. 

Second Test Stage * Again, primary power is 
furnished by a storage battery and ar. A( -
o|MTated DC supply, wired through a 
control box. At this stage, meters are con¬ 
nected to the set to show: 

3. Receiver audio output voltage. 
(This is measured across the s[X'aker voice 
coil. The output meter also measures the 
noise-suppressing ability of the set.) 
4. Transmitter oscillator plate current. 
5. Transmitter power amplifier grid cur¬ 

rent. at no load. 

In addition, by the use of a special re¬ 
ceiver. oscilloscope, ami a beat frequency 
oscillator, the Armstrong phase-shift mod¬ 
ulator in the transmitter is aligned. 

Tile tester at the second position starts 

1. Receiver first limiter grid current. 
2. Receiver detector current. 



FIG. 6, RIGHT, 1ST POSITION AND, LEFT, 2ND POSITION OF FINAL TEST, WHERE Cl RCUITS ARE CHECKED AND CONDENSERS ARE ALIGNED 

out by connecting a signal generator to 
the antenna jack of the set. adjusts the 
generator for zero detector current, and 
jx-aks the high-frequency receiver circuits 
accurately. 
He checks the receiver sensitivity and 

noise suppression by noting the zero signa! 
first limiter current, and noise voltage 
across the speaker when I microvolt input 
to the receiver. The 1 microvolt signal 
level is established from a General Radio 
type 804-B '■igual generator. 
Audio output of the receiver is meas¬ 

ured by applying a strong phase-modu-
latc signal to the set. The frequency swing 
corresponds to 100% modulation of the 
associated transmitter. The voltage' meas¬ 
ured across the receiver voice coil shows 
if the audio output of the set is up to the 
rated value. The final test is to check the 
Armstrong phase-shift modulator. A 
known voltage is applied to the modu¬ 
lator. and a receiver whose audio output 
is proportional to the frequency swing is 
used to pick up the radiated signal. 

Output voltage from the receiver is ap¬ 
plied to the vertical deflecting plates of an 
oscilloscope. The transmitter phasing net¬ 
work is adjusted to the proper wave shape, 
as indicated on the oscilloscope. Both 
wave shape- and amplitude must be cor¬ 
rect in order for a set to pass this test. 

( pon completion of these tests, both 
the transmitter and receiver are known to 
be working properly, except for the trans¬ 
mitter RF power amplifier. At this point, 
the dynamotors ¡ire connected to their 
respective terminal boards, and the trans¬ 
mitter power amplifier screen grid is con¬ 
nected to its high-voltage source. Then 
it is moved to the last position, shown in 
Fig. 7. 

Third Test Stage * At the third test stage, 
the set is clamped on a shake-table, all 
meters are connected, and the circuits are 
switched to the “receive" position. The 
following circuits are metered. 

1. Low-voltage dynamotor current. 

2. High-voltage dynamotor current. 
3. Receiver first limiter current. 
4. Receiver detector current. 
5. Receiver audio output. 
ti. Transmitter oscillator plate current. 
7. Transmitter power amplifier grid cur¬ 

rent. (The power amplifier plate cur¬ 
rent on this set is the high-voltage 
dynamotor current.) 

8. High-voltage dynamotor output volt¬ 
age. 

9. RF power output. 

A dummy antenna is used to absorb 
the transmitter output. It consists of a 
non-inductive resistance, across which a 
diode vacuum tube voltmeter is connected. 
The diode current was established at 
several power levels by a photometric 
method of direct power measurement. 
This dummy antenna and the control box 
can be seen in the foreground of Fig. 7. 

While observations are being made on 
the meter readings, the set is being vi-



FIG. 7, CHIEF ENGINEER FRANK GUNTHER, LEFT, AND AUTHOR LESLIE NOZDROVICZKY SPOT CHECK FINISHED SET ON SHAKE-TABLE 

bratcd on the shake-table. \o variation of 
any of (he readings is tolerated during the 
vibration test, anil during actual opera¬ 
tion of the transmitter and receiver the 
performance must be the same as if the 
set were at rest. Furthermore, the circuit 
measurements must be the same as during 
the second stage tests. 

During this final check under vibra¬ 
tion, which lasts about three minutes, 
the set is operated from a 6-volt DC sup¬ 
ply. as it would be under service condi¬ 
tions. 

Causes of Rejections * It is remarkable to 
see how uniformly these single-unit trans¬ 
mitters and receivers perform under test. 
Most of the rejections occur during the 
second and third test stages. Sets are rarely 
rejected for wiring errors. The recurring 
faults are chiefly: 

1. Defective tubes. 

2. Defective transmitter or receiver crys¬ 
tals. 

3. Defective dynamotors. 

4. Defective relays. 

5. Failure of sockets when tubes are in¬ 
serted. 

About once in two weeks, a transmitter 
or receiver turns up that refuses to behave 
properly. These are given special atten¬ 
tion by our engineering department. In 
every case so far. defective operation was 
caused by such simple faults as poor con¬ 
nections to the tulle sockets, high re¬ 
sistance ground, or a coil opened up under 
vibration or mechanical strain. 

For all tests, cióse limits of minimum 
performance have been set. The standards 
have been made high to allow a large fac¬ 
tor of safety under service conditions. 
A set rejected at any one of the test 

stages is turned over to a trained trouble¬ 
shooter. After correction, the set is re¬ 
turned to the test stage where it was re¬ 
jected. and it is checked just as if it came 
right off the line. 

Rate of Production * Iregularities in the 
flow of materials and components are still 
something of a limitation on the weekly 
average of production. At present, a four-
teen-man line, including two testers, turns 
out one complete unit per hour. It is 
estimated, however, that we shall be able 
to double this rate of production as time 
goes on. 

Editor’s Note: Complete data amt circuits 
of th( REL sinqle-unit emergency equipment were 
published in the March and April, issues. 

FABRICATING MYCALEX 
Mycalex is a non-critical material which can 

be substituted for ceramics in a very large num¬ 
ber of applications. Although Mycalex is now 
used extensively, lack of knowledge concerning 
its fabrication is responsible for the failure of 
radio designers to specify it in place of ceramic 
materials, particularly for KF insulation. A 
comprehensive article on cutting, drilling, ma¬ 
chining, and engraving Mycalex is now in prep¬ 
aration, and will appear in an early issue of 
B A DIO-E LE< TK< ) NIC E NG IN E E RING. 



12 

SPOT NEWS NOTES 
Items and comments, personal and other¬ 

wise, about manufacturing, broadcasting, 

communications, and television activities 

“FM' ; will probably be the nickname of 
Frank Madden Gunther. born June Kith. 
Uis father is Frank A. Gunther, vice 
president in charge of engineering at 
BEL, and squadron leader in the Civil 
Air Patrol. Mrs. Gunther is also a CAP 
pilot, anil both have commercial Hying 
tickets. Before Pearl Harbor, they oper¬ 
ated W2FQD. 

Hotels Stevens & Congress: Break all radio con¬ 
vention records, and will continue to do 
so for the duration of the War. They have 
been taken over by the Xavy as radio 
school barracks. 

Expansion: Benwood- 1 .inze Company, of 
St. Louis, engineers and manufacturers of 
rectifiers and associated equipment, have 
bought the Fore Electric Company, in¬ 
cluding their equipment, inventory, as¬ 
sets. and name. Fore Electric, founded in 
1917. produced battery chargers, mag¬ 
net izers. transformers, and electric meters. 
Albert Wehmeier. Fore president, will re¬ 
tire. Benwood-Linze will continue to pro-
doce Fore products and replacement 
parts. 

Benay Venula: Is more succinct than Chair¬ 
man Fly. In “By Jupiter." starring as 
Queen of the Amazons, she cries out at her 
opposition: "Your attitude stinks." 

Soldering Irons: Complete series for all kinds 
of radio production work is shown in new 
catalog from Hexacon Electric Company. 
Roselle Park. X. J. 

Television: construction permit has been 
issued to Balaban & Katz for a new com¬ 
mercial stat ion on channel 3 ( (>(> to 72 me. ) 
to be completed August 15. 1942. 

David Grimes: Yeteran of World War I. 
radio pioneer, and chief engineer at 
Philco since 1939 has been elected a vice-
president of the Philco Corporation. 

Concentric Cable: Xow approved for war 
equipment, Copolene cable is demon¬ 
strating advantages over stranded-wire-
and-bead construction, chiefly because it 
uses a continuous tube of insulation which 
does not introduce increase of electrical 
loss. It is manufactured by Amphenol and 
Simplex W ire. 

New FM Station: W49BX. Rochester. X. Y.. 
is now on the air with a 3-kw. REL trans¬ 
mitter bought BF. Single vertical coaxial 
antenna is carried by a 107-ft. wooden 
mast erected on a hill 1.700 ft. above sea 
level. An important gap in the FM net¬ 
work is filled by W49BX. since it is 120 
miles from Alpine and the same distance 
from W51R. at Rochester. X. Y. 

Leo Freed: One of the 
busiest representa¬ 
tives in the radio in¬ 
dustry looked like 
this back in the 
days when the busi¬ 
ness was like what 
it isn’t going to be 
for quite a long time 
to come. 

James Lawrence Fly: His nomination to the 
FCC has been approved by the Senate. 
This will be his first full term of 7 years. 
He was first sworn in as a member of the 
Commission on September 4. 1939. to 
finish the uncompleted term of Frank R. 
MeXinch. who retired because of illness. 

Ignition Noise Suppression: Army's problem of 
.suppressing ignition interference may 
lead to compulsory suppressor equipment 
on all cars after the War. DehnarG. Roos, 
chief engineer of Willys-Overland, direct¬ 
ing interference research project in coop¬ 
eration with the Signal Corps, announces 
that standard devices have now been 
developed for all motorized units. Test 
booths now in use make it possible to in¬ 
stall and check suppressor equipment in 3 
minutes. 

Microphones: Of all types for communica¬ 
tions and broadcast studio use are shown 
in a new catalog issued by Shure Brothers. 
225 West Huron Street. Chicago. Also il¬ 
lustrated are stands, fittings, pickups, and 
recon ling heads. 

Amateur Transmitters: All must be registered 
with the FCC by August 25th. Forms can 
be obtained from the Commission's head¬ 
quarters at Washington, or from FCC 
field offices. This action has been taken at 
request of the Board of War Communica¬ 
tions. Order applies not only to holders of 
amateur licenses but to any person or 
organization in possession of an amateur 
transmitter. In addition. FCC requests 
every licensed amateur who neither owns 
nor possesses a transmitter to notify the 
Commission of the fact, ami to give his 
present address, as well as any subsequent 
change of address within five days. 

In the Armed Forces: Check up shows t hat 894 
men ami one woman have left XBC and 
85 outlets to go into the Service. From 
XBC headquarters alone, 22G employees 
have gone since December 7th. The one 
woman, from WROL. was probably the 
first in radio to enlist in the WAAC. 

Norman Guimond: Resigned as radio engineer 
of Massachusetts State Police to become 
chief engineer of WOCB. West Yarmouth. 
Mass. 

Suspicion Confirmed: Ever since the advent 
of all-wave receivers, short-wave tuning 
has been an important point-of-sale factor 
in broadcast sets. I nknown factor was 
actual use of the short-wave bands by 
radio listeners in the ISA. An investiga¬ 
tion made recently shows that, while one-
third of sets in use can tune in foreign 
broadcasts, less than one per cent of listen¬ 
ers ever listen on the short-wave bands. 
Most of these are probably foreign-
language speaking residents in the 1 SA 
who prefer to hear their native tongues. 

Harry Houck : Xow vice president and general 
manager of Measurements Corporation. 
Booton. X. J. 

Spokane: Morris H. 
Willis, president of 
Spokane Radio 
Company. Ine.. <vle-
brated the 15th an¬ 
niversary of his con¬ 
cern by holding open 
house at the new 
quarters on West 
Sprague Street where 

his jobbing and manufacturing activities 
are combined under one roof. This com¬ 
pany. serving broadcast stations. Govern¬ 
ment agencies and industrial laboratories 
from California to Alaska, has now spread 
out into the electronic field to a consider¬ 
able extent. 

Dynamotors: Among the additions to the 
Radio-Electronic Products Directory in 
this issue is a complete list of companies 
manufacturing dynamotors for mobile 
ami aircraft radio equipment. Some of the 
names, including three vacuum cleaner 
concerns, are entirely new among radio 
manufacturers. 

FM Reception: Carl H. Wesser, chief engineer 
of W45D. reports that on June 10th he 
logged FM stations on 19 channels, in¬ 
cluding Xew ork and Xew England 
transmitters, between 7:00 P.M. and 8:45 
P.M. On that day. W47XY came in stead¬ 
ily from noon until evening. His station 
was snowed under with calls from local 
listeners who wanted to know why they 
werehea ri ng st at ions out side the local area. 

Tube Data: A very comprehensive technical 
manual on radio receiving tubes has been 
issued by General Electric Company, and 
is now available through the Renewal 
Tube Sales Section at Bridgeport. Conn, 
t wenty-four pages of illustrations and 
data are planned to assist engineers and 
experimenters engaged in the design of 
vacuum tube circuits. At first glance, the 
number of tube types seems bewildering, 
but the arrangement is clear and easy to 
umh rstand. 



NEWS PICTURE 
Men in Training: In cities and towns through¬ 
out the nation, more and more radio and 

service shops are displaying signs which 
read: "Closed for Duration of War.” 
Still, if every radio dealer, serviceman, and 
amateur volunteered and was accepted, 
the needs of our Armed Forces would not 
be met entirely. 
Our Army, Navy. Marine Corps, Coast 

Guard, and Merchant Marine are operat¬ 
ing splendid radio schools, staffed by able 

instructors. This training will be of great 
advantage and will lend much prestige 
when peace comes, for the men who take 
advantage of this opportunity will be pre¬ 
pared to take part in radio and television 
activities which will dwarf the growth of 
the industry after the last War, — Photo 
above was taken at one of the I. S. Signal 1 O 

Corps Radio Schools. A O 
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TYPE 160-A BOONTON Q METER HAS 8 RANGES, COVERING 50 KC. TO 75 MC. 

THE FACTOR 0 
Part 2: Additional Data on Q Measurements, and 
Details of the Types 160-A and 170-A Q Meters* 

SMALL CONDENSERS 

4-A : Genera! ★ Measurements of the capaci¬ 
tance and Q. or power factor, of small 
condensers can be made with the Q-Meter 
if the capacitance of the test condenser 
is within the A C range of the Q tuning 
condenser of the Q-Meter. The accuracy 
with which such measurements can be 
made is dependent on the capacitance, 
inductance, and Q of the test condenser, 
the frequency of measurement, and the 
technique employed. In general, the ac¬ 
curacy of capacitance measurements is 
within ± 2%, and the accuracy of Q 
measurements is within ± 10%. Inder 
certain conditions greater accuracies can 
be obtained. In the higher frequency re¬ 
gion (above 30 40 me. with the type 
160-A) the accuracy of the Q ami C 
measurement will decrease. 
Above a few megacycles, the induc¬ 

tance and resistance of leads connecting 
the condenser posts of the Q-Meter and 
the test condenser proper become in¬ 
creasingly important and accordingly 
should be made of short, wide conducting 
strip. 

If the capacitance of the condenser is 
small, i.e., a few micro-microfarads, the 
capacitance of the leads may become 
comparable to that of the test condenser, 
and may require correction. 
The internal inductance of condensers 
♦ Part 1 of this article appeared in Radio-Elec¬ 

tronic Engineering for May, 1942. This data was 
prepared by the Engineering Department of the 
Boonton Radio Corporation, Boonton. N. J. 

and their leads becomes more and more 
important with increasing frequency. This 
is indicated by an increase in the apparent 
capacitance of the condenser. A 1,000 

condenser will resonate at 50 me. with 
an inductance of .01 ^hy. a 100 ^f con¬ 
denser will resonate at 160 me. with .01 
juhy. The increase in apparent capacitance 
of the condenser will be evident at fre¬ 
quencies considerably below the resonant 
frequency. 
The accuracy of measuring the Q of a 

component such as a condenser when it is 
connected in parallel with the Q circuit 
is also related to its effect on the Q of the 
Q circuit. A consideration of the equations 
from which the Q or resistance of the 
component is calculated indicates that 
the accuracy of this measurement will 
increase as the A Q (i.e., Qi Qi) in¬ 
creases. However, since the accuracy of 
the () Voltmeter calibration is a function 
of full scale reading, it is obvious that 
very low Q, readings may be inaccurately 
indicated ami that an optimum operating 
region will exist which is determined by 
the values involved. From a practical 
viewpoint, it will be found that most con¬ 
densers can be measured with greater 
accuracy when they are closely coupled 
to the measuring circuit, i.e., when their 
capacitance is a large percentage of the 
total circuit capacitance. Condensers with 
very poor dielectric are the exception and 
the measuring technique must be modi¬ 
fied to fit the conditions. With such con¬ 
densers, the C2 setting of the Q condenser 

should be increased until the Qi value can 
be read accurately. 

Measuring Technique ★ Experience has shown 
that, in general, the most accurate method 
of determining the capacitance, the Q. 
the series and the parallel resistance of a 
condenser is as follows: 

1. Connect the test condenser to the 
Q-Meter observing the precautions 
previously mentioned. 

2. Set the Q tuning condenser to some 
convenient low capacitance value, 
such as 30 g/xf. Record this as C... 

3. Select a coil which will resonate with 
the capacitance of the test condenser, 
plus the capacitance setting of the Q 
tuning condenser to the desired fre¬ 
quency of measurement. 

4. Adjust the oscillator frequency to 
resonate the Q circuit. Fine adjust¬ 
ment may be made with the vernier 
Q condenser, changing this by perhaps 
a few tenths of a micro-microfarad. 

5. Record the circuit Q reading as Q.. 
6. Remove the test condenser. 
7. Retime the Q circuit, noting the cir¬ 

cuit Q at resonance. Record the Q 
condenser setting as Ci and the cir¬ 
cuit Q reading as An average curve 
drawn through a number of measure¬ 
ments, especially if fairly closely 
spaced over a frequency range will 
further increase the accuracy of this 
measurement . 

4-8: Capacitance * The capacitance of the 
test condenser is: 

Cp = Ct - Ci (26b) 
The value of Cp thus obtained is the 

effective parallel capacitance of the test 
condenser. The difference between this 
value and effective series capacitance is 
negligible for condensers having a Q 
greater than about 10, which will be the 
case for most small condensers used in 
radio circuits. When the Q of a condenser 
or an impedance is 10 or less, the effective 
series capacitance may be determined as 
described in section 1-B, Part 1. 

It is important, especially when meas¬ 
uring very small capacitances, that the 
measurement excludes the capacitance of 
leads to the test condenser. This may 
readily be accomplished by connecting 
suitable leads to the Q-Meter before 
making the initial resonance setting of 
the Q circuit, and connecting the test 
condenser at the end of the leads, taking 
care not to change the position of the 
leads during the measurement. 
One very useful feature of the above 

method is that it provides a relative indi¬ 
cation of losses in the test condenser 
simultaneously with the capacitance meas¬ 
urement, as indicated by the drop in 
of the Q circuit when the test condenser 
is connected. 

For capacitance measurements of greater 
accuracy than this method provides, the 
following method should be used. 



4-C: Accurate Capacitance Measurements Using 
External Condenser * By the use of a <ali-
brated standard precision condenser in 
conjunction with the Q-Meter. the capaci¬ 
tance of small condensers can be meas¬ 
ured with a high degree of accuracy which 
is limited generally only by the accuracy 
of calibration of the standard condenser, 
since the accuracy of sett ing the condenser 
is generally greater than the accuracy of 
calibration. 
To measure capacitances using an ex¬ 

ternal condenser, this condenser should 
be connected to the condenser terminals 
of the Q-Meter. and the same general 
procedure described above in section 4-B 
should be followed except that all capaci¬ 
tance settings and observations should be 
made with the external condenser instead 
of the tuning condenser. The following 
additional precautions should be taken: 
The length of leads required to connect 

a large condenser to the Q-Meter, to¬ 
gether with the internal inductance of 
such a condenser, limit the maximum 
frequency of accurate measurement to 
the region of 500 kc. It is advisable to set 
the frequency of measurement in the 
neighborhood of 200 kc. to permit using 
leads up to about a foot in length. This 
frequency requires a coil for use in the 
Q circuit having an inductance in the 
region of 1 or 2 millihenries (see section 
2-A, Part 1). 

All leads used should be fairly rigid 
and well supported to avoid accidental 
changes in circuit capacitance, especially 
when measuring small capacitances. Con¬ 
nections to the test condenser shouhl be 
made at the condenser terminals to ex¬ 
clude lead capacitances from the measure¬ 
ment. The test condenser shouhl be con¬ 
nected directly to the standard condenser. 

4-D: Power Factor and Q ★ The power factor. 
<A and resistance of small condensers hav¬ 
ing Q’s of less than about 2.(MIO to 6,000 
(power factors greater than about 0.015 
to 0.05 per cent) can be measured with 
the Q-Meter. 

Flic maximum that can be measured 
depends on the capacitance of the test 
condenser ami the Q of the Q circuit. The 
measurement of () requires measuring 
the drop in of the () circuit when the 
condenser is connected across the circuit 
and this decrease in (/ becomes smaller 
as the Q of the test condenser (recomes 
large compareri to the Q of the circuit 
and also as the capacitance of the test 
condenser becomes smaller. It is apparent, 
therefore, that when the () of the test 
condenser is high enough it will not pro-
duce a measurable difference in the Q of 
the Q circuit and therefore its Q or re¬ 
sistance cannot be measured. 

In general, the Q of commonly used 
mica or other solid dielectric condensers, 
air dielectric condensers with poor insula¬ 
tion. etc., may be measured. However, 
good air dielectric condensers usually 
have a Q too high to be measured. 

The general precautions described in 
sections 4-A and 4-B should be observed 
in measuring power factor or Q. The Q 
of the test condenser. Qr, is 

(G G) QQ 
(\ Q:> 

(391 

The power factor of the test condenser 
in per cent (for values less than about 
10%) is: 

Power Eactor = 
10(1 _ 100 C,^,-^) 
Q, “ (G ( J (¿(A 

(40) 

4 E: Resistance ★ The resistance of a small 
condenser having a (/ of less than about 
2.000 to 6.000 may be determined by 
following the procedure described in the 
preceding section 4-1). i.e.. obtaining the 
values of Q circuit tuning capacitance and 
(A (’i and (A without the test condenser 
connected, and G and (A with the test 
condenser connected and the frequency 
of measurement./. 
The effective parallel resistance. /(,„ of 

the test condenser is: 

1.59 X KP (A^ 
"" " W <A) (4 M

Phis formula is accurate for condensers 
or impedances having any (A 
The effective series resistance. II.. for 

condensers having a Q of more than about 
10 is: 

1.39 X 10' C, (Q, - Q.) 

The effective series or parallel resist¬ 
ance of condensers or impedances having 
a Q of 10 or less may be determined by 
the method described in section 1. Part 1. 

If the effective series capacitance. C„ 
and the (A Qf <>f the test condenser are 
known the effective series resistance. 
II.. is: 

„ 1.59 X 10» 
(41) 

INSULATING MATERIALS 

5 A: General ★ 'I’he fundamental properties 
of interest in connection with insulating 
materials are the dielectric constant t 
and the losses as expressed by or power 
factor. These quantities may he deter¬ 
mined for most insulating materials by 
making a condenser out of a sample of 
the material and measuring this con¬ 
denser as described in the preceding sec¬ 
tion 4. 
Thin sheets of insulating material are 

most convenient for this purpose and may 
be provided with tin foil conducting sur¬ 
faces by applying a thin film of vaseline 
(or similar material having low losses) 
to the sample of insulating material 
and pressing and rubbing the tin foil 
into close contact with the sample, ex¬ 
cluding all air pockets. Connections to 
the tin foil surfaces may be made by 
means of two copper or brass strips or 
heavy wires attached to the Q-Meter 
condenser terminals, and shaped so that 
they make contact with the tin foil 
when the prepared sample is placed be¬ 
tween these connecting leads. The con¬ 
tact surfaces should be kept clean. 

Mercury electrodes can lie used by 
means of the conventional method of 
floating the sample on the surface of 
mercury contained in a suitable dish, 
placing a metal ring (or rectangle) on 
top of the sample and filling inside the 
ring with mercury. Suitable leads should 
be provided for connecting the mercury 
electrodes to the Q-Meter. 

Oils or other fluids require a cell or 
container with suitable electrodes be¬ 
tween which the fluid to be measured can 
be placed. 

In any case, in order to reduce e<Ige 
effects, the area of the active dielectric 
between the electrodes should be large 
compared to the thickness of the dielec¬ 
tric. The sample condenser shouhl lie 
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dimensioned so that its capacitance docs 
not exceed the A C available in the (/ 
I lining condenser. 

5B: Dielectric Constant ★ To determine the 
dielectric constant. «. of a sample of in¬ 
sulating material: Prepare it as described 
above, and measure its capacitance ac¬ 
cording to the method given in section 
4-B. and call this value ( ’. Measure the 
area of the active dielectric contained 
between the electrodes calling this value 
X, and measure the average thickness of 
the active dielectric calling this value I. 

When C is in micro-microfarads and .S 
and / are in inches, the dielectric con¬ 
stant is: 

When X and I are measured in centi¬ 
meters. the dielectric constant is: 

5 C: Power Factor and Q ★ T<> determine the 

power factor or (/ of a sample of insulat¬ 
ing material, the sample should be pre¬ 
pared as described above, and then 
measured as a small condenser as de¬ 
scribed in section 4-1). For convenience, 
the formulas are repeated here: 

If Ci and are the capacitance and (J 
of the Q circuit at resonance with the 
sample not connected, and C: and are 
the capacitance and Q of the circuit 
with the sample connected, then the 
of the insulating material is: 

(Ci 
C, <?2) 

GM) 

The power factor in percent (for values 
less than about 10* ( ) is: 

Power Factor = 
100 tone, Q.} 

(C, C2) QiÇ. 
(40) 

LARGE CONDENSERS 

6-A: General * A large condenser can be 
measured by connecting it in series with 
a coil ami connecting this combination 
to the coil terminals of the Q-Meter with 

the test condenser connected to the low 
potential side of the coil. 

For this measurement a coil is required 
having an inductance which will resonate 
to the desired test frequency with the 
tuning condenser set to a high capacitance 
value, so that connecting and discon¬ 
necting the test condenser will produce a 
measurable change in the C and Q of the 
measuring circuit. 
A resistor having a resistance of not 

over 10 megohms is also required which 
must be connected across the test con¬ 
denser when it is in the circuit to pro¬ 
vide a DC path for the grid bias of the 
vacuum tube voltmeter. 

It is important when measuring large 
condensers to observe the precaution of 
including as little inductance as possible 
in the condenser leads during the meas¬ 
urements. as the internal inductance of 
the condenser will usually be small and 
even an inch or two of lead may cause a 
serious error. It is generally desirable to 
leave the condenser in the circuit and 
short it out at the condenser terminals 

CIRCUIT CONSTANTS OF 
TYPE 160-A 

Rl Fixed resistor . 1.000 ohms 
R2 Fixed resistor . 200 ohms 
R3 Fixed resistor . 40.000 ohms 
1(4 Fixed resistor . 3.000 ohms 
R5 Fixed resistor . 750 ohms 
R6 Fixed resistor . 200 ohms 
R7 Potentiometer . 8.000 ohms 
R8 Potentiometer . 200 ohms 
1(0 F'ixed resistor . 25.000 ohms 

I p RIO Fixed resistor ( 1%) . 25.000 ohms 
I Q Rll Fixed resistor . 100 meg. 

R12. R12A F'ixed resistor 
(1 unit) . 04 ohm 

R13 Fixed resistor . 50.000 ohms 
R14 F'ixed resistor . . 1.000 ohms 
R15 Fixed resistor . .3 ohm 
R16 Thermocouple calibrating resistor 
R17 Fixed resistor . 100 ohms 
Cl Osc. tuning condenser (small) 
C2 Osc. tuning condenser (large) 
C3 Fixed condenser. 100 mmf. 
C4 Fixed condenser . 3.000 mmf. 
C5 F'ixed condenser . 5.000 mmf. 
CO () tuning condenser (main) 
C7 Q tuning condenser (vernier) 

C8 Power filter condenser 8 mfd. 
CO F'ixed condenser .1 mfd. 
Ll Oscillator grid coil 
L2 Oscillator plate coil 
L3 Oscillator coupling coil 
L4 Power filter choke 
L5 Power transformer 
T1 Mazda 41. 2.5 volts 
T2 Oscillator tube . 102-A 
T3 Q voltmeter tube . 101-A 
T4 Rectifier tube . 5W4 
Ml Oscillator output voltmeter 
M2 Q voltmeter 
TC Thermocouple 



with a heavy copper jumper without 
changing the position of any leads when 
measuring the circuit without the con¬ 
denser. This will reduce errors due to 
lead inductance to a minimum. 

6B: Capacitance and Inductance * The effec¬ 
tive capacitance of condensers up to 
about 0.1 or 0.¿ ^f can be measured by 
resonating the circuit by means of the 

tuning condenser, first without the 
test condenser (or with the test con-
denser shorted out), then with the test 
condenser in scries with the low potential 
side of the coil. Small changes in timing 
capacitance may be read on the vernier 
condenser dial. The two readings of 
tuning capacitance of the Q circuit should 
be recorded. 

Let (\ represent the tuning capacitance 
setting without the test condenser, and 
G the tuning capacitance with the test 
condenser connected in series with the 
coil. Then the effective series capacitance. 

C„ of the test condenser is: 

C 
GG 

(G - G) 
(¿6a) 

If Ci is larger than ( _. the effective 
reactance of the test condenser is in¬ 
ductive and its effective series inductance, 
I.,, is 

, ¿.53 X H> 10 (G - G) , 
L- ■ 7 cE w“ 

or if the effective inductance. I,,, of the 
coil used in the Q circuit is known, the 
effective series inductance. 1. . of the 
test condenser is : 

/. = A, 
(G 

C. 
(44) 

At the resonant frequency of the con¬ 
denser Ci = G and the condenser is 
effectively a non-reactive resistance. The 
effective resistance can lie determined as 
described below. 

6C: Resistance, Power Factor and Q * The ef¬ 
fective resistance, power factor and Q of a 
limited range of large condensers can be 
measured with the Q-Meter by connect¬ 
ing the condensers in scries in the 
circuit when such condensers have losses 
great enough to lower the Q of the Q cir¬ 
cuit appreciably. For example, the Í/ of a 
test condenser having a capacitance of 
about 400 aal may be measured when the 
(J of the test condenser is less than about 
¿.000. If the test condenser capacitance is 
about 4.000 mmL its <2 may be measured 
when it is not over about 300, ami for 
larger condensers the maximum Q that 
can be measured is correspondingly lower. 

fhe (/ of the test condenser, Q,. is: 

(G Cl) GG 
GG GG 

(¿¿a) 

The power factor of the test condenser 
in per cent for values less than about 10 
|XT cent is the reciprocal of Q times 100. 
or: 

CIRCUIT CONSTANTS OF 
TYPE 170-A 

lit Fixed resistor, ¿ watts 5.000 ohms 
R¿ Fixed resistor. G watt. . 1.000 ohms 
11.3 Fixed resistor. G watt. 1.000 ohms 
R4 Fixed resistor. G watt 1.000 ohms 
l{5 Fixed resistor. watt . 3 meg. 
R6 Potentiometer. 3 watts .7,500 ohms 
R7 Potentiometer. 3 watts. ¿00 ohms 
US Potentiometer. 3 watts 1.000 ohms 
lift Potentiometer. 50 watts 8.000 ohms 
R10 Potentiometer. 3 watts ¿00 ohms 
Rll Fixed resistor. G watt ¿5.000 ohms 
Rl¿ Fixed resistor, ' ¿ watt . ¿5.000 ohms 
R13 Fixed resistor. G watt . ¿5.000 ohms 

R14 Fixed resistor. 10 watts 40.000 ohms 
R15 Fixed resistor. G watt I.¿00 ohms 
RIO Fixed resistor. 10 watts 15.000 ohms 
R17 Fixed resistor, 10 watts 1.500 ohms 
R18 Fixed resistor. ¿ watts. .8 ohm 
Cl Fixed mica condenser ¿50 mini. 
C¿ Fixed mica condenser ¿50 mmf. 
C3 Fixed mica condenser. . 1.000 mmf. 
C4 Fixed mica condenser .1,000 mmf. 
C5 Fixed mica condenser . ¿50 mmf. 
Cti Fixed mica condenser. ¿50 mmf. 
C7 Fixed mica condenser. 500 mmf. 
C8 Fixed mica condenser. 500 mmf. 
CO Fixed mica condenser. ¿50 mmf. 
C10 Q tuning condenser 

Cll. Cl¿, C13 Electrolytic, each 
section . 4 mfd. 

C14 Oscillator tuning condenser 
T1 Oscillator tube (calibrated) HA -015 
T¿ Q unit tube (calibrated) . 955 
T3 unit tube (calibrated) . 955 
T4 Voltage regulator tube VR-105 30 
T5 Voltage regulator tube \ R-105 30 
T6 Rcct ifier tube . 5Wt 
T7 Mazda 46, 6 volts 
1,1 Oscillator grid coil 
L¿ Oscillator coupling coil 
1,3 Oscillator plate coil 
1,4 Power filter choke 
1,5 Power transformer 17 



Power Factor = 

loo = loo (C.Q. -C^QJ 
Q, (C, - G) Q& 

The effective series resistance, II „ of 
the test condenser is: 

u.x»(g«-«) (aa) 

fC\ 

6-D: Impedance * To determine the impé¬ 
dance of a large condenser, first measure 
its effective series resistance. G, as de¬ 
scribed in the preceding section 6-C. Then 
calculate the effective series reactance, 
A’„ of the test condenser from the values 
of Ci, G, and/ obtained in the resistance 
measurement, as follows: 

.V, _ 1.3» X 1<H (C, - c,) (44a)

f tit 2 

If the reactance of the condenser is in¬ 
ductive use Ci — G in place of C> — Ct. 
If the effective series capacitance, G. or 
inductance. L.. of the test condenser has 
already been determined, its reactance 
can be calculated by means of one of the 
following formulas: 

= 6.28 X IO"3 fL. (47) 

The impedance. Zx, of the test con¬ 
denser may then be calculated from the 
values of resistance, R„ and reactance 
A„ just determined as follows: 

Z, = x/IiX+A? (48) 

6-E: Bypass Condensers * Bypass condensers 
having capacitances not too high can be 
measured according to the preceding sec¬ 
tions 6-A to 6-1). In many cases, however, 
it may be unnecessary to measure the 
constants of a condenser. When a bypass 
condenser is used in series in a tuned cir¬ 
cuit. the effect of its resistance on the Q 
of the circuit and its reactance on the 
tuning of the circuit can be observed di¬ 
rectly by connecting an equivalent circuit 
to the Q-Meter with the bypass con-
denser in series with the coil, and observ¬ 
ing the change in circuit Q and tuning 
capacitance when the bypass condenser is 
shorted out. The bypass condenser should 
be shunted by a resistance of not over 10 
megohms for this test. 
The difference in Q tuning condenser 

settings indicates the relative reactance of 
the test condenser and whether its re¬ 
actance is capacitive or inductive. (See 
section 6-B.) The change in circuit Q 
shows directly the tossing effect of the 
bypass condenser on the circuit. 
The same general precautions for meas¬ 

uring large condensers described in the 
preceding sections 6-A and 6-B should be 
observed . 

RESISTORS 

7 A: General * The effective resistance of re¬ 
sistors that are comparable to either the 

series or the anti-resonant resistance of a 
tuned circuit resonated to the frequency 
of measurement, may be measured with 
the Q-Meter at frequencies up to about 
80-40 me. by connecting the resistors in 
series or parallel with the Q circuit of the 
GMeter. In general, two ranges of re¬ 
sistance can be measured; a range of low-
values comparable to the series resistance 
of the tuned circuit and a range of high 
values comparable to the anti-resonant 
resistance of the circuit. Both ranges de¬ 
crease in value with increasing frequency. 

For example, at 1,000 kc„ a resonant 
circuit having a Q of about 200 and C of 
about 100 mmÍ, has a series resistance of 
about 8 ohms, and an anti-resonant resist¬ 
ance of about 300.000 ohms. Using this cir¬ 
cuit, resistors connected in series w ith the 
tuned circuit having values from about I 
to 30 ohms, and resistors connected in 
parallel with the circuit having values 
from about 100.000 ohms to 3 megohms 
may be measured. 
At 10 me., a similar circuit would have 

1/10 these values of resistance ami the 
corresponding ranges of resistances that 
can be measured are about 0.1 to 3 ohms 
and 10.000 to 300,000 ohms. 

Within these limitations the effective 
resistance of resistors can be determined 
as follows: 

7-B: Low Resistance in Series with Q Cir¬ 
cuit ★ (Connect to the coil terminals of the 
Q-Meter a suitable coil having an in¬ 
ductance that will resonate to the desired 
frequency of measurement with a con¬ 
venient tuning capacitance. (See section 
2-A, Part 1.) Set the oscillator frequency 
to the desired value and the oscillator 
output to the 250 line on the Q range 
meter, and resonate the Q circuit by 
means of the Q tuning condenser. Call the 
condenser setting Ct and the circuit Q, 
indicated on the Q voltmeter, Qt. Call the 
oscillator frequency/. 
Connect the resistor to be measured in 

series with the coil in the Q circuit at the 
low potential coil terminal, and re-reso-
nate the Q circuit, calling the new Q read¬ 
ing Q. and the condenser reading Cl 
The effective series resistance. R„ of 

the resistor is : 

1.5Í) X 10“ 
R 

fCi 
If Ci is greater than C. the effective 

reactance of the resistor is inductive and 
its effective series inductance. L„ is: 

. 2.53 X 10'» (G - G) . 
L‘ =—p- c^T (ioa)

or if the inductance. Lt. of the coil used 
in the Q circuit is known, the effective 
series inductance of the resistor may be 
calculated from: 

If C2 is greater than G, the effective 

reactance of the resistor is capacitive and 
its effective series capacitance, G. is: 

» 1C 2 

(G - G) 
(26a) 

When the effective reactance of a re¬ 
sistor is capacitive, it may often be more 
accurate to represent the resistor as a 
shunt or parallel combination of resist¬ 
ance and capacitance. If the effective 
parallel values of resistance and capaci¬ 
tance are desired, the Q of the resistor. 
Q,. may be calculated from: 

n (G -C^QtQ. 
CiQi - C^ 

(22a) 

and the effective series resistance and 
capacitance calculated from formulas 
(23a) and (26a) above, and these values 
used in formulas (18b) and (21b), Part I, 
to determine the effective parallel re¬ 
sistance, Rp, and capacitance. Cp. The 
general relations between series and 
parallel values are discussed in section 1, 
Part 1. 

7-C: High Resistance in Parallel with Q Circuit * 
The same general procedure described in 
the preceding section 7-B should be fol¬ 
lowed when measuring resistors having a 
resistance value high enough to connect 
across the Q circuit, except that the re¬ 
sistor being measured should be con¬ 
nected to the condenser terminals of the 
GMeter instead of in series with the coil. 

If Qt and Ci are the Q and condenser 
readings at resonance without the re¬ 
sistor. and G and G the readings with the 
resistor connected across the Q circuit, 
the effective parallel resistance. Rp. of the 
resistor is: 

1.5!) X 10“ GG 
/G (G - G) 

(23b) 

If the reactance of the resistor is capaci¬ 
tive. Ct will be larger than C2 and the 
effective parallel capacitance. Cp, of the 
resistor is : 

Cp = Ci - G (261.) 

If G is larger than G the reactance is 
inductive and the effective parallel in¬ 
ductance. Lp, may be calculated from: 

r 2.53 X 10'» 
P ~ f^C-i -C¿ 

(25b) 

When the effective reactance of a re¬ 
sistor is inductive, it is sometimes more 
convenient to represent the resistor as a 
series combination of inductance and re¬ 
sistance, in which case the values of effec¬ 
tive series resistance and inductance may¬ 
be desired instead of the parallel values 
obtained from formulas (23b), (25b). and 
(26b) above. 

If values of effective series resistance, 
inductance, or capacitance are desired, 
the corresponding parallel values can be 
measured as described above, ami the Q 
of the resistor. G> can calculated 
from : 

(CONTINUED ON PAGE 30) 



SPECIAL SERVICE 2-WAY FM UNIT IS PROTECTED FROM DUST AND DAMPNESS 

FM FOR NEW SERVICES 

Current drain, at 6 volts, is 6.5 amperes 
for the receiver and 2.25 amperes for the 
transmitter in the standby position, with 
the filaments heated and ready for instant 
use. This is a total battery drain of 8.75 
amperes or 52.5 watts. The 25-watt trans¬ 
mitter. while in use. draws 23 amperes at 
138 watts, or 30 amperes at 180 watts for 
the 35-watt transmitter. 

l ubes in the receiver are: 
6AC7 or 6SII7 KF amplifier 
6K8 1st detector 
6\ 6 Crystal oscillator, multi¬ 

plier 
6SH7 or 6SG7 IF amplifier 
6K8 2nd detector, crystal os¬ 

cillator 
(¡S.I7 or 6AC7 1st limiter 
6AC7 2nd limiter 
6116 
6116 
6SL7GT 
6K6GT 
Tubes in 

I >iscriminator 
A VC, squelch filter 
1st audio squelch 
Audio output 

tli<- 25- anil 35-watt trans¬ 
mitters are: 

2-Way Design for Use Wherever 6-Volt Supply is Available 
BY DONALD G. BEACHLER* 

ONE after another come new uses for 
2-way FM communication. In many 

instances, types of equipment already in 
production can be used, lint others require 
new designs or special features. 

For example, the need has developed 
in recent months for a compact communi¬ 
cations unit of very rugged construction 
that can be set up quickly, anywhere on 
land, on small boats or large vessels, or 
in airplanes, if necessary. 
Such a unit, illustrated in the accom¬ 

panying photographs, is now being pro¬ 
duced by FM Link. Except for the 6-volt 
supply, it is entirely self-contained, even 
to the handset and standby speaker, and 
a vertical rod antenna mounted rigidly 
or with a spring fixture on the side of the 
metal case. 

I'he case measures 20 ins. long. 16 
ins. wide, and stands 8} j ins. high. Heavy 
handles are provided at the ends. The 
weight is approximately 100 lbs. 

Looking at the illustration below, the 
receiver is mounted at the left, the trans¬ 
mitter. of 25 or 35 watts output, is at the 
right, and the vibrator power supply for 
the receiver is at the right, dose to the 
front of the case. Standard controls and 
pilot lights are provided on the front panel, 
with louvres for the standby speaker just 
below. 
When not in use, the handset is clipped 

inside the cover. During operation, the 
handset can be plugged in at the front, 
and the cover put in place so as to protect 
the equipment from dust or dampness. 
It is not necessary to raise the cover 
while the unit is in use. 

*F. M. Link, 125 W. 17th St.. New York City. 

If a fixed antenna is available, its use is 
generally recommended instead of the 
vertical roil, if extra transmitting range 
is required. A concentric connector is 
located directly below the antenna roti 
mounting. 
The connector for the battery cable 

is also mounted under the antenna fittings. 
Four prongs are used on the plug, with two 
connected to each of the 6-volt leads, in 
order to handle the current drawn during 
transmission. 
The transmit-receive switch is relay-

operated, controlled by a button on the 
handset. 

7C7 Crystal oscillator 
2-7A8 Balanced modulators 
7C7 1st Frequency quadrupler 
7C7 2nd Frequency quadrupler 
7C5 Frequency doubler 
8()7 Power amplifier 
Crystal control is provided for both 

the transmitter and receiver. The nominal 
operating frequency is within the 30-40 
me. band. Since this equipment is in¬ 
tended for speech only, the frequency 
deviation is ±15 kc., and the audio range 
is 300 3.000 cycles with high-frequency 
pre-emphasis. 

Although 6 volts is the standard oper¬ 
ating voltage for this unit, it can be sup¬ 
plied for use on 12, 24, or other common 
DC voltages. The transmitter output 
values given above are nominal ratings. 
Actual output of the two transmitters are 

(CONTINUED ON PAGE 27) 
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VACUUM TUBE REVIEW 
In future issues, the Vacuum Tube Review 

will carry a Reference Index of tubes listed 

previously in FM Radio-Electronic Engineering 

1635 
Class B 

Twin Amplifier 

1635 is a class B twin amplifier of GT con¬ 
struction. and a heater rating of 6.3 volts. 
0.6 amp. It is designed with a variable-mu 
grid so as to reduce distortion in the out¬ 
put at low signal levels. It has been given 
two ratings, i.e.. one for use on sustained 
signals, and the other on variable signals 
only. In applications involving sustained 
signals, the 1635 is operated with not 

more than 300 volts on the plate. At that 
voltage, it can handle a power output 
of about 1<> watts. When it is not used on 
sustained signals, it can be operated 
with a plate voltage as high as 400 volts, 
and at this voltage it will handle a power 
output of about 17 watts. 

Heater voltage. AC or DC 6.3 volts 
Heater current 0.6 amps. 
Plate volts1

300 max.2 400 max.3 volts 
Peak plate current per plate 

90 max. 90 max. milamp. 
Average plate dissipation per plate 

3 max. 4.5 max. watts 

Following values are for the two units, 
unless otherwise specified 

Plate supply impedance 
0 1000' 0 ohms 

Effective grid circuit impedance per unit 
0 516s 0 ohms 

Plate voltage 300 300 400 volts 
DC grid voltage 

0 0 0 volts 
Peak A F grid-to-grid voltage 

70 108« 76 volts 

Zero-signal DC plate current 
6.6 6.6 10 milamp. 

Maximum-signal DC plate current 
54 54 63 milanip. 

Peak grid current per unit 
38 39 41 milamp. 

Eff. load resistance plate to plate 
12000 12000 14000 ohms 

Total distortion 4 5 — % 
Maximum signal power output 

10.4 10.4 17 watts 
Maximum overall length 3 5 16 ins. 
Maximum seated height 234 ins. 
Maximum diameter I 5 16 ins. 
Bulb T-9 
Base Intermediate shell octal 8-pin 
Mounting position Any 

1 Maximum ratings an* based on a line voltage de¬ 
sign center of 117 volts. 

’ For sustained signal operation as. for example, on 
key-down operation . 
3 For other than sustained operation as. for example, 

on broadcast operation. 
4 Practical design value. 
5 At 400 cycles for class B stage in which the effec¬ 

tive resistance per grid circuit is 500 ohms, and the 
leakage reactance of the coupling transformer is 
50 millihenries. The driver stage should be capable of 
supplying the grids of the class B stage with the speci¬ 
fied values at low distortion. 

* Includes peak voltage drop through tin* grid circuit 
impedance. 

1642 
Twin Triode 

Amplifier 

1. Heater 
2. Cathode, T 
3. Plate, T 
4. Grid, T 
5. Plate, T1
6. Cathode, L 
7. Heater 
Cap Grid, T 

BOTTOM OF SOCKET 

1642 is a multi-unit tube containing iu 
one envelope two medium-mu triodes 
with a mu of 10.4. Each triode unit has 
separate terminais for all electrodes except 
the heater which is common to both units. 
Therefore, each unit operates independ¬ 
ently of the other. This tube has a small 
shell 7-pin micanol base. 
Heater voltage. AC or DC 6.3 volts 
Heater current .0.6 amp. 
Direct Interelectrode capacitances: 1

Triotie T1 Triode ’1” 
Grid to plate. 2.4 1.8 mmf. 
Grid to cathode . 2.6 1.6 mmf. 
Plate to cathode. 1.4 2.0 mmf. 

Amplifier each unit 2
Plate voltage . 250 max. volts 
Plate dissipation. 2.1 max. watts 

Class A, amplifier characteristics: 

Plate voltage 
Grid voltage. 
Amplification factor 
Plate resistance 
Transconductance 
Plate current 

250 volts 
- 16.5 volts 

10.4 
7600 ohms 

1375 micromhos 
8.3 milamp. 

Maximum overall length. 4 17 32 ins. 
Maximum seated height 3 29 .32 ins. 
Maximum diameter I 9 16 ins. 
Bulb ST-12 
Cap Small metal 
Base . Small shell 7-pin Micanol 
Mounting position . kny 

1 With no external shield. 
• Maximum ratings are bast'd on a line voltage 

design center of 117 volts. 

9JP1/1809P1 
High Vacuum 

Cathode Ray Tube 

20 

9JP1 1809-P1 is a high-vacuum cathode-rav 
tube having a viewing screen 9 ins. in di¬ 
ameter. The tube uses a combination of 
magnet ic and electrostatic fields for de¬ 
flection of the electron beam. It features 
short overall length and close-spaced elec¬ 
trostatic electrodes to provide good de¬ 

flection sensitivity. With this close spac¬ 
ing. the maximum spot travel caused by 
these electrodes is approximately 2 ins. 
The 9.IP1 1869 Pl produces a luminous 
spot having a greenish hue, and is suitable 
for the observation and photography of 
transient and recurrent phenomena. 
The indirectly-heated cathode, the con¬ 

trol electrode (grid), the first anode, ami 
the second anode constitute an electron 
gun for projecting a beam of electrons 
upon the fluorescent screen. The resultant 
luminous spot can lie regulated as to spot 
size and intensity by suitable choice of 
electrode voltages. 

Deflection of the electron beam is ordi¬ 
narily accomplished by the use of an elec¬ 
tromagnetic field ami an electrostatic 
field. The elect romagnet ic field is usually 
placed so that its axis coincides with that 
of the electrostatic field in order that the 
deflection produced by one field will be 
at right angles to that produced by the 
other field. One field is controlled by the 
voltage under observation: the other is 
used for the time sweep. 
The 9.IP1 1809 Pl is recommended for 

use in oscillographic applications where 
the inertialess characteristic of the elec¬ 
tron beam, the provision for two methods 



1. No connection 
2 Anode 1 
3. No connection 
4. No connection 
5. Control Electrode 
6. Cathode 
7. Heater 
8. Heater 
DJi . Def. Electrode 
DJ Def. Electrode 
P> Anode 2 

BOTTOM OF SOCKET 

of beam control, the brilliant image, ami 
the short overall length all contribute to 
the general utility of this type. 

CHARACTERISTICS AND RATINGS 

Heater voltage. AC or DC 2.5 volts 
Heater current . ¿.1 amp. 
Focusing method Electrostatic 
Deflection method Magnetic and Electro¬ 

static: Electnxle DJ, is on same side of 
tube as base pin 2. 
Electnxle D.J is on same side of tube 
as base pin 6. 

Phosphor No.l 
Fluorescence. Green 
Persistence. Medium 
Direct interelect rode capacitances: 
Control electnxle to all other electrodes 

8 mmf. 
Deflecting electrode DJ, to DJ. 1 mmf. 
Either DJ, or DJ. to all other elec¬ 
trodes . 3.6 mmf. 
Cathode to all other electrodes. 8 mmf. 

Overall length .15 11 Hü3# ins. 
Greatest bulb diam. Diz's ¡ns-
Minimum diam of screen . 8 ins. 
Bulb side terminals Snap connectors 
Base Small wafer octal 8-pin. sleeve 
Deflection yoke: 

Position on tube neck: Lip Hush with 
bulb reference line (see drawing) 
Working length for 55° angle deflection 

2 ins. max. 

MAXIMUM RATINGS AND TYPICAL OPER¬ 
ATING CONDITIONS 1

Anode No. 2 (high voltage electrode) 
5(100 max. volts 

Anode No. 1 (focusing electrode) 
2000 max. volts 

Grid (control electrode) Never positive 
Peak voltage between No. ¿and either de¬ 

flecting electnxle . 3000 max. volts 
DC heater to cathode. . . 125 max. volts 
Grid circuit resistance. 1.5 max. meg. 
Typical operation: 
Anode No. ¿C 2500 5000 volts 
Amale No. 1 for focus at 75% of grid 
voltage for cutoff1. 785 1570 volts 
Grid voltage for cutoff1

-45 -90 volts 
Deflection sensit ivity. DJ, & DJ. 

.272 .136 mm v DC 
Deflection factor. DJ, & DJ. 

93.8 187 v. DC in. 
1 Maximum ratings are based on a line voltage de¬ 

sign center of 117 volts. 
• Brilliance and definition iecrease with decreasing 

voltage on anode No. 2. In general, anode No 2 voltage* 
should not be less than 2500 volts. 

INSTALLATION 

The base pins of the 9.JP1 Ht the stand¬ 
ard octal socket which may be installed 
to hold the tube in any position. The 
socket should be made of good insulating 
material; a type having insulating baffles 
between contacts provides an additional 
factor of safety. 

The bulb of this type, except for the 
screen surface, should be enclosed in a 
grounded metal case. If an iron or steel 
case is used to minimize the effect of 
extraneous fields on tube operation, care 
should be taken in its construction to in¬ 
sure that the case is completely demagne¬ 
tized. 
The heater is designed to operate at 2.5 

volts. The transformer winding supplying 
the heater power should be designed to 
operate the heater at the rated voltage 
under average line voltage conditions. 
If the circuit design is such as to cause a 
high voltage between the heater winding 
and ground. I he heater t ransformer should 
be adequately insulated to withstand the 
high voltage. 

The cathode is connected to base pin 
No. 6. to which the grid anil anode returns 
should be made. 

3 Supply should be adjustable to *20' , of this value. 
4 Cutoff is visual extinction of a stationary focused 

spot. Supply should be adjustable to *50'¿ of this 
value. 

The DC supply voltages for the elec¬ 
trodes may be obtained conveniently 
from a high-voltage, vacuum tube recti¬ 
fier. Since a cathode-ray tube requires 
very little current, the rectifier system 
can be of either the half-wave or the volt¬ 
age doubler type. For the same reason, 
the filter requirements are simple. A 0.5 
to 2 mid. condenser will ordinarily pro¬ 
vide sufficient filtering. If this is inade¬ 
quate. a two-section filter is recommended. 

Iwo electrodes, located in the bulb 
neck, provide for electrostatic deflection 
of the electron beam. These two electrodes 
are capable of producing a deflection of 
approximately 2 ins. The deflection so 
produced is parallel to the lines of the 
electrostatic field. The DC potential of 
each deflecting electnxle must be main¬ 
tained essentially equivalent to that of 
anode No. 2 in order to avoid building a 
charge on the deflecting electrodes. A 
charge on the deflecting electrodes causes 
a permanent deflection of the beam. The 
DC potential of the deflect ing electrodes 
may be kept essentially the same as that 
of amale No. 2 by connecting resistor' 
having values not greater than 10 meg¬ 
ohms between each deflecting electnxle 
and anode No. 2. This arrangement by 
suitable choice of resistor values mini¬ 
mizes pattern distortion and pattern drift 
resulting from unbalanced potentials on 

SCREEN 

L_ 

'8 

MAX 

REFERENCE LINE 

10 

J^MlN IV* 

21 bottom view of tube 

104 
MIN 

through top lip 
OF DEFLECTING yoke 
YOKE HOLDER SHOULD 
PROVIDE FOR SPECIFIED 
MOVEMENT ALONG TUBE 
Axis. 

113 
i 003 
DIA 

'32 
min Dia 

small wafer octal 
8-Pin BASE 
th sleeve 
N9 T254 

zl6 
3," 
zi6 

SNAP TERMINALS 
A, B AND C 

l5/. « 
zi6 H

3,“ 
Í6 

* 3/ô 

TOP OF 
DEFLECTING 2 4 MIN. 
ELECTRODES' 

> |Q * MAX 
z32 Dia 

ANODE N? 2 

080 
£ 005 
DIA 



"JIMMY" DOOLITTLE’S WIRE TO G-E RADIO EMPLOYEES TELLS YOU 

WHAT HAPPENED. READ IT- IT’S A HONEY! 

"Now it can he told officially: Radios you helped to build aided ns 
to bomb Tokyo and half a dozen other Japanese cities. Through 
those radios we issued commands between planes that sent our 
bombers on their marks; through those radios ire cheered each other 
on. as our bombs crashed into vital Japanese naval and military in¬ 
stallations. Perhaps best of all, through those radios we heard the 
hysterical Japanese broadcasters, too excited to lie, screaming about 
the damage we had done. We who made the flight deeply appreciate 
the assistance given by you who made the radios.” 

What kind of G-E Radio 

equipment was it? That’s a 

military secret now. But we 

can say this: it was made pos¬ 

sible by G-E Electronic Re¬ 

search. And electronic tubes 

probably helped to build those 

very bombers themselves! 

GENERAL ELECTRIC 



noiv 

Genera » 
Tottto^01* 

OUT OF the first world war—and G-E electronic re¬ 
search—came radio as we know it today! And now, in 

perfecting new radio and television instruments for Ameri¬ 
ca's fighting forces, G-E electronic engineers are discovering 
new secrets which promise to make radio and television 
receivers of the future as advanced over present-day sets, 
as modern radio is over the crystal sets of 1920. 

Today—and increasingly in the future—electronic tithes, 
much like the tubes in a radio receiver, will perform hun¬ 
dreds of new jobs. They’ll open doors, operate drinking foun¬ 
tains, control welding machines, level elevators, count auto¬ 
mobiles—not some place else but right in your city_your 
neighborhood. The radio service man of today will become 

There’s a G-E Tube for Every Electronic Device. 
Over 550 Tube Types in the G-E Electronic Tube Line. 

the Electronic equipment maintenance man of tomorrow. 

THE FASTEST GROWING NEWS PROGRAM ON THE AIR! 

"IT’S GENERAL ELECTRIC NEWS TIME" 

— with Frazier Hunt 

All the important news of the 
day plus one of his famous 
"one-minute stories about the 
science of electronics.” Every 
Tuesday, Thursday and Satur¬ 
day. Columbia and American 
FM Networks. See your news¬ 
paper for time and station. FRAZIER HUNT 

WORLD LEADER IN 
RADIO, TELEVISION AND ELECTRONIC RESEARCH 



C = FILTER CONDENSER. 0.5 to 2 gf 
C, = ISOLATING CONDENSERS, SEE NOTE BELOW 
r},R, = O.u MEGOHM 
Rt = '1.2 MEGOHMS 
R' = 0.5 MEGOHM POTENTIOMETER 
Re = 0.5 MEGOHM 
r’ = 0.15 MEGOHM potentiometer 
R, = 1.5 MEGOHM (EACH SECTION^ DUAL POTENTIOMETER FOR 

BEAM CENTERING 
R = POTENTIAL EQUALIZING RESISTORS. SEE NOTE 

Note: When the cathode or the negative end of the 
cathode-ray high-voltage supply is grounded, blocking 
condensers (\ should have a high voltage rating. \\ hen 
anode No. 2 is grounded, condensers Ci may be low-
voltage condensers. 

For DC amplifier service, the deflecting elect rodes 
should be coupled direct to the output of the amplifier 
by omitting the blocking condensers. In addition, it 

will usuallx be preferable to remove the associated 
deflecting electrode resistor in order to minimize tIn-
loading effect of the resistor on the DC amplifier. 
With the resistor removed, it is essential, in order to 
minimize the spot defocusing, that anode No. 2 
be returned to some point in the DC’ amplifier circuit 
such that the potential difference between anode 
No. 2 and the average voltage across the deflecting 
elect roiles will be as low as possible. 

the deflecting electrodes. The smaller the 
resistor values, the less distortion for a 
given beam current. The beam current 
should ordinarily be kept low. At times 
when it is necessary to use a high value 
of beam current, as when photographs 
are to be taken, the value of the resistor 
should be reduced so that the zero-axis 
shift will be minimized. The resistor of 
one or both deflecting electrodes may be 
connected to a DC bias voltage to obtain 
(■entering of the beam. 
A second method for deflecting the 

beam is provided by an electromagnetic 
system which consists of one or more 
pairs of coils. Each coil of a pair is ar¬ 
ranged diametrically opposite its mate 
in such a manner that the magnetic field 
is at right angles to the axis of the tube. 
The deflection of the beam is at right 
angles to the direction of the magnetic 
field. The yoke, placed around the bulb 
neck dose to the bulb flare, should be 
designed so that the deflection of the 
beam is accomplished within the space 
of not more than 2 ins., parallel to the 
tube axis, measured from the reference 
line shown on the outline drawing. 

Because of the short bulb of the 9JP1, 
the beam must be deflected through the 
relatively wide angle of 55° to cover the 
entire screen width. Although this tube 
requires but one pair of coils, one pair 
may be used in conjunction with the 
electrostatic electrodes of the tube, or 
both pairs of coils may be used to obtain 
fidl magnetic deflection. In the latter 
ease, the electrostatic electrodes may also 
be used to introduce an additional voltage 
for deflection of the beam. The yoke 

should be placed as close as possible to 
the junction of the bulb cone and the 
cylindrical neck. This arrangement is 
necessary to prevent the beam striking the 
neck when the deflection is sufficient to 
reach the edge of the screen. 
The high voltages at which the tfjl’l 

is operated are very dangerous. Great 
care should be taken in the design of 
apparatus to prevent the operator from 
coming in contact with these voltages. 
Precautions must include safeguards 
which definitely eliminate all hazards to 
personnel. All circuit parts which may be 
at high potential should always be en¬ 
closed and interlock switches should be 
used to break the primary circuit when 
access to the equipment is required. 

In the use of cathode-ray tubes, it 
should always be remembered that high 
voltages may appear at normally low-
potential points in the circuit because of 
condenser breakdown or incorrect circuit 
connections. Therefore, before any part 
of the circuit is touched, the power-supply 
switch should be turned off and both 
terminals of any charged condensers 
grounded. 

APPLICATION 

A diagram illustrating the essential 
circuit for the use of the !>J Pl in an oscillo¬ 
graph is shown. 1'he electrode voltages 
are obtained from a bleeder circuit con¬ 
nected across the high-voltage supply. 
A bleeder current of 1 or 2 milliamperes is 
usually satisfactory; considerably larger 
values may require the use of more filter¬ 
ing than can be provided conveniently 
by a single condenser shunted across the 

DC supply. With small bleeder currents, 
a single condenser filter usually is ade¬ 
quate. A variable DC voltage for the 
control electrode and one for anode No. 1 
can be obtained from potentiometers in 
the bleeder circuit. 

Focusing of the fluorescent spot pro¬ 
duced by the beam is controlled by adjust¬ 
ment of the ratio of anode No. 1 voltage to 
anode No. 2 voltage. Ordinarily, the ratio 
is varied by adjustment of anode No. I. 

Regulation of spot size and intensity 
can be accomplished by varying anode 
No. 2 current and or voltage. The current 
to anode No. 2 may be increased by de¬ 
creasing the bias applied to the control 
electrode (grid). An increase in anode 
No. 2 current increases the size and the 
intensity of the spot. An increase in the 
voltage applied to anode No. 2 increases 
the speed of the electrons and. therefore, 
increases intensity and decreases spot 
size. The maximum anode No. 2 voltage 
shown under MAXIM I M RA 1 IXGS is 
based on a line-voltage design center of 
117 volts. The 9,11’1 will operate satisfac¬ 
torily at lower anode Xo. 2 voltages, but 
brilliance and definition decreases with 
decreasing anode Xo. 2 voltages. In gen¬ 
eral. anode Xo. 2 voltage should not be 
less than 2500 volts. When any of these 
adjustments are made, consideration 
should be given to the limiting voltage 
ratings shown under MAXIMl M RAT¬ 
INGS and TYPICAL OPERATING 
CONDITIONS. 

Photographs of the phenomena appear¬ 
ing on the screen of the 9.JP1 can be made 
with an ordinary camera. Photographing 
is done preferably in a subdued light in 
order to obtain as much contrast as possi¬ 
ble between the fluorescent pattern and 
the screen. The time of exposure will de¬ 
pend on the type of film or plate emulsion 
used, the magnification of the pattern and 
the brightness of the pattern. When tran¬ 
sients are to be photographed, patterns 
having low brightness can easily be com¬ 
pensated for by longer exposure. The use 
of film having high green sensitivity is 
recommended. \ erichrome-type film has 
been found to give excellent results. 

For high-speed photographic work in¬ 
volving non-recurrent phenomena, it is 
permissible to increase the screen input 
power per sq. cm. for the short time inter¬ 
val required to make the exposure, above 
that required for visual observation. The 
extent to which the anode No. 2 current 
may be increased without harming the 
fluorescent screen is a function of the rate 
of beam travel and pattern size, and an 
inverse function of duration. Short-inter¬ 
val operation at increased input can be 
obtained by means of a temporary de¬ 
crease in the control-electrode voltage. A 
switching arrangement should be pro¬ 
vided to switch the control-electrode 
voltage rapidly between a negative and a 
less negative value. The exposure is made 
while the control-electrode voltage is at 
the decreased (less negative) value. 
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Everlastingly seeking improvements in the performance capa¬ 
bilities of the vacuum tube. That’s the creed of the personnel 
in the Eimac shops. That’s why you find Eimac tubes in the key 
sockets of practically every new development in the field of 
electronics, why communications men throughout the world 
have come to measure results in terms of the performance 
capabilities of Eimac tubes. This high standard of excellence 
was deliberately planned at Eimac ... and is being deliberately 
maintained despite the rigors of wartime production. 

You’ve found Einiac ahead in the past . .. they’re ahead today... 

TO STAY BEST ... 
IT MUST BE EVER BETTER. J 

and you’ll find them still ahead in the future 

EITEL-McCULLOUGH, INC., SAN BRUNO, CALIFORNIA, U.S.A. 
Export Agents: Frazar & Co., Ltd., joi Clay Street, San Francisco, California, U. S. A. 



RADIO-ELECTRONIC PRODUCTS DIRECTORY 
The Radio FngineRrs’ & Purchasing Agents' Guide to Essential Materials, Components, and Equipment 

★ Indicate« that addresses and phone numbers of representatives in War Production centers are listed at the end of the Radio-Electronic Products Directory 

ANTENNAS, Transmitting 
Blaw-Knox Co.. Pittsburgh. Pa. 
Lehigh Structural Steel Co.. 17 Battery 

PL. N. Y. C. 
Lingo A Son. John E.. ( amden. N J. 
Truscon Steel Co.. Youngstown. (>. 
Wincharger Corp., Sioux City, Iowa 

BEADS, Insulating 
American Lava Corp., Chattanooga. 

Tenn. 
Dunn. Inc.. Struthers, 1321 Cherry, 

Phila , Pa 
Star Porcelain Co.. Trenton. N J. 
Steward Mfg. Co., Chattanooga. Tenn. 

BOLTS, NUTS & SCREWS, Machine 
American Screw Co.. Providence. It. 1. 
Bristol Co., The. Waterbury. Conn. 
Central Screw Co., 3519 Shields Av., 

Chicago 
chandler Prods. Corp.. Cleveland. O. 
Continental Screw Co., New Bedford. 

Mass. 
Corbin Screw Corp., New Britain. Conn. 
Harper Co.. H. M., 2609 Fletcher. Chi¬ 
cago 

International Screw Co.. Detroit 
Lamson A Sessions Co., ( 'leveland. O. 
National Screw A Mfg. Co . Cleveland 
New England Screw Co., Keene. N. II. 
Ohio Nut A Bolt Co., Berea. Ohio 
Parker Co.. ( liarles, Meriden. Conn. 
Parker-Kalon Corp.. 198 Varick. N. Y. C. 
Pawtucket Screw Co.. Pawtucket. It. I. 
Progressive Mfg. < 'o., Torrington. < 'onn. 
Republic Steel Cori»., Cleveland. O. 
Russell. Burdsall A Ward Bolt A Nut 

Co.. Port Chester, N. Y. 
Scovlll Mfg Co.. Waterbury. Conn 
Shakeproof. Inc., 2501 N. Keeler. Chi¬ 

cago 
Southington Hardware Mfg. Co., The. 

Southington. ( 'onn. 
Whitney Screw Corp., Nashua, N. II. 

CABLE, Coaxial 
American Phenolic Corp., 1830 S. 54 Av., 

( hicago 
Anaconda Wire A Cable Co.. 25 B’way, 

N. Y. C. 
Belden Mfg. Co.. 4673 W. Van Buren, 

( 'hicago 
Boston Insulated Wire A Cable Co.. 

Boston 
< 'ommunications Prods. ( 'o., Jersey < 'ity, 

N. J 
Cornish Wire Co.. 15 Park Row. N. Y. C. 
General Cable Corp.. 420 Lexington, 

x Y. C. 
Doolittle Radio. Inc., 7521 S. Loomis 

Blvd. . ('hicago 
General Insulated Wire Corp., 53 Park 

Pl . N. Y. C. 
Simplex Wire A Cable Corp., Cambridge. 

Mass. 
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CABLE, Microphone, Speaker & 
Battery 

Alden Prods. Co.. Brockton. Mass. 
Anaconda Wire A Cable Co.. 25 Broad¬ 
way N Y C. 

Belden Mfg. Co.. 4633 W. Van Buren, 
( 'hicago 

Boston Insulated Wire A Cable Co., 
Dorchester. Mass. 

Holyoke Wire A Cable Corp.. Holyoke. 
Mass. 

CASTINGS, Die 
Aluminum Co. of America. Pittsburgh, 

Pa 
American Brass Co.. Waterbury. Conn. 
Dow ( 'hemica! Co.. Dowmetal Div., 

Midland. Mich. 
CERAMICS, Bushings, Washers, 

Special Shapes 
Akron Porcelain < 'o . Akron, <>. 
Electronic Mechanics. Inc., Paterson. 

N. J. 
Isolantlte Inc . Belleville. N J 
Louthan Mfg Co.. E. Liverpool. O. 
Star Porcelain ( o.. Trenton, N J 
Steward Mfg. ( 'o . Chattanooga. Tenn. 
Victor Insulator Co.. Victor. N Y. 

CHOKES, RF 
Aladdin Radio Industries, 501 W. 35th, 

( 'hicago 
Alden Prods. Co.. Brockton. Mass. 
American Communications Corp.. 306 

B’way. N. Y. ‘ '. 
Barker A Williamson. Upj>er Darby. Pa. 
Coto-Coll Co.. Providence. R I 
D-X Radio Prods. Co.. 1575 Milwaukee. 

( 'hicago 
General Winding Co.. 254 W. 31 St., 

x Y. < 
Guthman A Co.. Edwin. 400 S. Peoria. 

( 'hicago 
Harnmarlund Mfg. Co.. 124 W. 33 St.. 

N. Y. C. 
Johnson Co.. E. F., Waseca, Minn. 
Meissner Mfg Co . Mt. Carmel. III. 
Miller Co J w C ' Angeles, < al 
Muter < o . 1255 S Michigan. Chicago 
National Co . Malden. Mass 
<dimite Mfg. Co.. 1835 W. Flourney St.. 

( 'hicago 
Radex Corp.. 1328 Elston Av.. Chicago 
Sickles Co.. F. W.. Chicopee, Mass. 
Teleradio Eng. Corp., 484 Broome St., 

N. Y. C, 
Triumph Mfg. Co., 4017 W. Lake St., 

( hicago 

CLIPS & MOUNTINGS, Fuse 
Alden Prods. Co.. Brockton. Mass. 
Dante Elec. Mfg. Co., Bantam. Conn. 
Ilsco Copper Tube A Prods., Inc., 

Station M, Cincinnati 
Jefferson Elec. Co., Bellwood. Ill. 
Jones. Howard B.. 2300 Wabansia. Chi¬ 

cago 
Littlefuse. Inc., 4753 Ravenswood. Chi¬ 

cago 
Patton MacGuyer Co . Providence. R. I. 
Sherman Mfg. Co., H. B.. Battle Creek. 

Mich. 

CLOTH, Insulating 
keme Wire < " . New Haven, < onn 
Brand A ( o.. Wm . 276 Ith Av . N. Y ( '. 
I:ndurette< <»rp. of Amer.,( Tiff wood, N.J. 
Insulation Mfgrs. Corp.. 565 W. Wash. 

Blvd., Chicago 
Irvington Varnish A Insulating Co., 

Irvington. N. J. 
Mica Insulator Co.. 196 Varick, N. Y. C. 

CONDENSERS, Fixed 
★ Aerovox Corp.. New Bedford. Mass. 

American Condenser Corp.. 2508 S. 
Michigan. Chicago 

Art Radio Corp., 115 Liberty. N. Y. C. 
Atlas Condenser Prods. Co.. 548 West¬ 

chester Av.. N. Y. C. 
Automatic Winding Co.. East Newark, 

N. J. 
Bud Radio. Inc.. Cleveland. (). 
Cardwell Mfg Corp., Allen D., Brook¬ 

lyn. N. Y. 
Centralab, Milwaukee. Wis. 
Condenser Corp, of America, South 

Plainfield. N. J. 
( 'ondenser Prods. Co., 1375 N. Branch, 

( 'hicago 
<'ornell-Dubilier Elec. Corp., S. Plain-

held. N. J 
Cosmic Radio Co.. 699 E. 135th St.. 

N. Y. C. 
Crowley A Co., Henry L.. W. Orange. 

N. J. 
Iteutschmann ('orp.,Tol>e. ( anton, Mass. 
Dumont Elec. Co.. 34 Hubert st.. 

N. Y. C. 
Electro-Mot Ive Mfg. Co.. Willimantic. 
Conn. 

Erie Resistor ( ’orp., Erle. Pa. 
Fast A Co.. John E.. 3123 N. Crawford, 

( 'hicago 
General Radio Co.. Cambridge. Mass. 
Girard-Hopkins. Oakland. Calif. 
H. R. S. Prods., 5707 W. Lake St.. 

( 'hicago 
Illinois Cond. Co.. 3252 W. North Av.. 

< 'hicago 
Industrial Cond. Corp., 1725 W. North 

Av., ( 'hicago 
Insuline Corp of America. Long Island 

City. N. Y. 
Johnson Co.. E. F.. Waseca. Minn. 
Kellogg Switchb'd A Supply Co.. 6650 

( 'Icero, Chicago 
Mallory A Co . P. R.. Indianapolis. Ind. 
Micamold Radio Corp.. Brooklyn. N. Y. 
Muter ( 'o.. 1255 S. Michigan. < hicago 
Potter Co.. 1950 Sheridan Rd.. N. 
Chicago 

RCA Mfg. Co.. Camden. N. J 
Sangamo Elec. Co.. Springfield. 111. 
Solar Mfg. Corp.. Bayonne. N. J 
Sprague Specialties Co.. N. Adams. 

Mass. 
Teleradio Engineering Corp., 484 
Broome St.. N. Y. ('. 

CONDENSERS, Variable Receiver 
Tuning 

Alden Prods. Co.. Brockton. Mass 
American Steel Package Co.. Defiance. 
Ohio 

Barker A Williamson. Ardmore. Pa. 
Bud Radio. Inc.. Cleveland. (). 
Cardwell Mfg Corp., Allen D . Brook-

15 >> N Y 
General Instrument Corp., Elizabeth. 

X .1 
Harnmarlund Mfg. Co.. 121 W. 334d St.. 
N Y. < ’. 

Insuline ('orp. of America. Long Island 
( itj X 5 

Meissner Mfg Co.. Mt. Carmel, Ill 
Millen Mfg. Co.. Malden. Mass. 
National Co., Mahlen. Mass. 
Radio Condenser Co.. Camden. N. J 
Reliance Die A St’p'g Co.. 1260 Cly-
bourn Av., Chicago 

CONDENSERS, Variable Trans¬ 
mitter Tuning 

Barker A Williamson. Upper Darby. Pa. 
Bud Radio. < 'leveland, O. 
Cardwell Mfg. Corp . Allen D. Brooklyn. 

Harnmarlund Mfg. Co., 424 W. 33 St., 
N. Y. C. 

Insuline Corp, of Amer.. L. I. City, N. Y. 
Johnson. E. F . Waseca. Minn. 
Millen Mfg. Co.. James. Malden, Mass. 
National Co.. Malden. Mass. 

CONDENSERS, Variable Trimmer 
★ Aerovox Corp.. New Bedford. Mass. 

Alden Prods. Co.. Brockton. Mass. 
American Steel Package Co.. De¬ 

fiance. O. 
Bud Radio. Inc.. Cleveland. O. 
Cardwell Mfg. Corp.. Allen. Brooklyn. 
Centralab. Milwaukee. W!s. 
General Radio Co.. Cambridge. Mass. 
Guthman. Inc., E. I . 400 S. Peoria, 

( 'hicago 
Harnmarlund Mfg. Co.. 424 W. 33 St . 

N. Y. C. 
Insuline Corp, of America. Long Island 

city. N Y 
Johnson Co.. E. F.. Waseca. Minn. 
Meissner Mfg. Co.. Mt. Carmel. III. 
Millen Mfg Co., James, Malden. Mass. 
Miller Co.. J. W.. Los Angeles. Cal. 
Muter Co.. 1255 S. Michigan Av.. 

( 'hicago 
National Co.. Malden. Mass. 
Potter ('o., 1950 Sheridan Rd.. N. 

( 'hicago 
Sickles Co.. F. W.. Chicopee, Mass. 
Solar Mfg. Corp., Bayonne. N J. 
Teleradio Eng. Corp., 484 Broome. 

CONNECTORS, Cable 
Alden PhmIs.. Brockton. Mass. 
Amer. Microphone Co.. 1915 S. Western 

Av.. Los Angeles 
Amer. Phenolic Corp., 1830 S. 54th St.. 

( 'hicago 
American Radio Hardware Co.. 476 

B’way. N. Y. C. 
Andrew. Victor J.. 6429 S. Lavergne Av., 

( 'hicago 
Atlas Sound Corp., 1442 39th St.. 

Brooklyn. N. Y. 
Bimbach Radio. 145 Hudson St.. 

N. Y. C. 
Brush Development Co.. Cleveland, O. 
Bud Radio, Cleveland. Ohio 
Cannon Elec. Development. 3209 Hum¬ 

boldt. Los Angeles 
Eby. Inc.. Hugh H.. Philadelphia 
Electro Voice Mfg. Co.. South Bend. 

Indiana 
General Radio Co., Cambridge. Mass. 
Insuline ( 'orp. of Amer., L. I. ( 'ity. N. Y. 
Jones. Howard B.. 2300 Wabansia. 

( 'hicago 
Mallory A Co.. P. R . Indianapolis, Ind. 
Radio City Products Co.. 127 W 26 St . 

CRYSTALS, Quartz 
Bausch A Lomb Optical Co.. Rochester. 
N Y. 

Bellefonte Eng. Labs.. Bellefonte. Penna. 
Bliley Elec. Co.. Erie. Penna. 
Burnett. Wm. W. I . San Diego. Cal 
Collins Radio Co , ( 'edar Rapids. Iowa 
General Electric Co.. Schenectady. N. Y. 
General Radio Co.. Cambridge. Mass 
Harvey-Wells Communications, South¬ 

bridge. Mass. 
Hipower < Tystal Co.. 2035 W. ( harles-

ton. ( 'hicago 
Hollister < Tystal Co.. Merriam. Kan. 
Hunt A Sons. G C.. Carlisle Pa 
Kaar Engineering Co.. Palo Alto, Cal. 

From month to month, new companies are enter¬ 

ing the Radio-Electronic field. Older concerns are 
adding new products. Accordingly, this Directory 
will be revised each month, so as to assure engi¬ 
neers and purchasing agents of up-to-date in¬ 
formation. We shall be pleased to receive sug¬ 
gestions as to company names which should be 
added, and hard-to-flnd items which should be 
listed in this Directory. 

Miller, August E., North Bergen. N J 
Peterson Radio, CoubcII Bluffs. Iowa 
Precision Crystal Labs.. Springfield. 
Maas 

Precision Piezo Service. Baton Rouge. 
La. 

Premier Crystal Labs.. 63 Park Row. 
N. Y C. 

RCA Mfg. Co.. Camden. N. J. 
Scientific Radio Service. Hyattsville. 
Md. 

Standard Piezo Co.. Carlisle. Pa 
Valpey Crystals. Holliston. Mass. 
Zeiss. Inc.. Carl, 485 Fifth Av.. N. Y. ( 

FELT 
American Felt Co., Inc.. Glenville, 

('onn. 
Western Felt Works, 4031 Ogden Av . 
Chicago 

FIBRE, Vulcanized 
Brandywine Fibre Prods. Co.. Wilming¬ 

ton. Del. 
Insulation Mfgrs. Corp.. 565 W. Wash. 

Blvd . ( hicago 
Mica Insulator ( 'o.. 196 Varick. N. Y. < ' 
Nat'l Vulcanized Fibre Co., Wilmington. 

Del. 
Taylor Fibre Co.. Norristown. Pa. 
Wilmington Fibre Specialty Co . Wil¬ 

mington. Del. 

FINISHES, Metal 
AI rose Chemical Co. . Providence. R. I 
Aluminum Co. of America. Pittsburgh. 

Pa . 
Ault A Wiberg Corp.. 75 Varick. 

N. Y. C. 
Hilo Varnish Corp.. Brooklyn. N Y 
Maas A Waldstein Co . Newark. N.J 
New Wrinkle. Inc.. Day ton. O. 

FUSES, Enclosed 
Dante Elec. Mfg. Co.. Bantam. Conn. 
Jefferson Elec. Co.. Bellwood. Ill 
Littlefuse. Inc.. 4753 Ravenswood Av . 

( 'hicago 

GEARS & PINIONS, Metal 
Gear Specialties. Inc.. 2650 W. Medill. 

Chicago 
Perkins Machine A Gear Co., Spring¬ 

field. Mass. 
Thompson Clock Co.. H. C.. Bristol. 

< onn 

GEARS & PINIONS, Non-Metollic 
Brandywine Fibre Prods. Co.. Wilming¬ 

ton. I tel 
Formica Insulation Co.. Cincinnati. O. 
Gear Specialties. Inc.. 2650 W. Medill. 

( 'hicago 
★ General Electric Co.. Pittsfield, Mass. 

Mica Insulator Co., 196 Varick St.. 
N. Y. C. 

National Vulcanized Fibre Co.. Wil¬ 
mington. Del. 

Perkins Machine A Gear Co.. Spring-
field. Mass. 

Richardson Co.. Melrose Park. Chicago 
Synthane Corp.. Oaks. Ba. 
Taylor Fibre Co.. Norristown. Pa 
Wilmington Fibre Specialty Co.. Wil¬ 

mington. Del. 

GENERATORS, Gas Engine Driven 
Kato Engineering Co.. Mankato. Minn. 

HEADPHONES 
Brush Development Co.. Cleveland, o. 
Conn. Tel. A Electric Co.. Meriden. 

Conn. 
Carrier Microphone < 'o.. Inglewood. < al 
Cannon Co.. C. E . Springwater. N. Y. 
Carron Mfg. Co.. 115 S. Aberdeen. 

( 'hicago 
Chicago Tel. Supply ( <>.. Elkhart. Ind 
Connecticut Tel A Elec. Co.. Meriden. 

Conn. 
Elec. Industries Mfg. Co.. Red Bank. 
N.J 

* General Electric Co.. Pittsfield. Mass 
Kellogg Switchboard A Supply Co.. 6650 

S. ('icero Av.. Chicago 
Murdock Mfg Co.. ( helsea. Mass 
Trimm Radio Mfg. Co.. 1770 W Ber-

teau. Chicago 
Universal Microphone Co.. Inglewood. 

Cal. 

HORNS, Outdoor 
University Laboratories, 195 Chrystie 

X X < 

KNOBS, Radio & Instrument 
Alden Prods. Co.. Brockton, Mass. 
American Insulator Corp., New Free-
dom. Pa. 

Chicago Molded Prods. Corp., 1025 N. 
Kolmar, ( 'hicago 

General Radio Co.. Cambridge. Mass. 
Imperial Molded Prods. Corp., 2921 W 

Harrison. Chicago 
Kurtz Kasch. Inc.. Dayton. <>. 
Millen Mfg. Co.. James. Malden. Mass. 
Nat'l Co.. Inc., Malden. Mass. 
Radio City Products Co.. 127 W. 26 St.. 

X < 
Rogan Bros., 2001 S. Michigan, Chicago 

LABORATORIES, Electronic 
Research 

★ Browning Labs.. Inc.. Winchester. Mass 



WHAT ISSUES OF FM 

MAGAZINE ARE MISS¬ 

ING FROM YOUR FILES? 

COMPLETE YOUR BACK 

NUMBERS. SEE SPECIAL 

OFFER ON PAGE 29 
JOHN L LINGO & SON, INC. 

LICENSED 

CAMDEN, NEW JERSEY 
MANUFACTURERS OF PATENTED TURNSTILE ANTENNAS 

FM FOR NEW SERVICES 
(CONTINUED FROM PAGE 19) 

25 30 and 35 40 watts respectively. 
An important feature of this unit is 

that it can be set down anywhere, the an¬ 
tenna put in place, the 6-volt supply 
plugged in, and communication estab¬ 
lished as soon as the handset is removed 
from the cover and plugged in at the 
front of the case. No further adjustments 
are required under any operating con-
dit ions. 

CIVILIAN RADIO DEFENSE UNITS 

TWO-WAY radio communication for use during air raid defense emergencies is to 
be provided by civilian technicians, under 
a new plan set in motion through the Ft C. 

It is expected that several thousand 
two-way units will be constructed from 
unused junk-box parts by broadcast sta¬ 
tion engineers and amateurs who will 
make up the civilian War Emergency 
Radio Service to be directed by the OCD. 
The transmitters will be limited in 

power to 25 watts, so that their effective 
range will be kept down to about 10 
miles. This is considered sufficient for all 
needs under emergency conditions. 

Printed manuals, planned to facilitate 
administrative operation, will be dis¬ 
tributed by the regional offices of the 
OCD. 

Special operator licenses, designated as 
War Emergency Service Operator Per¬ 
mits will be issued to those assigned to 
operate these stations. Permits of this 
class will be issued only to persons holding 
regular FCC licenses, and only after the 
applicant has satisfied the FCC as to his 

loyalty and integrity. 
Chairman Fly described this plan as a 

standby facility to be used when other 
means of communication fail. Certain 
bands above 112 me. have been set aside 
for this purpose, and provisions have been 
made for trials during blackout periods. 

ANZAC PILOTS, TRAINING IN CANADA, SPEAK TO THEIR HOMELAND FROM INGEO, 
G.E SCHENECTADY STATION WHICH PROGRAMS TWO HOURS DAILY FOR AUSTRALIA 27 



LIGHTS, Pilot or Indicator 
Alden Prods. Co.. Brockton. Ma-s. 
Dial Light Co. of America, !»0 West, 

X. Y » 
Drake Mfg. Co.. 1713 W. Hubbard. 

< 'hicago 
(¡eneral Control Co . Cambridge. Mass. 

* ceneral Elec. Co.. Lamp Dept . Xela 
Specialty Div.. Hoboken. X. J. 

Herzog Miniature Lamp Works. 12 19 
Jackson Av. Long Island City. X Y. 

Kirhiand Co.. II. k.. Morristown. X'. J 
Mallory A Co.. I’. R.. Indianapolis. Ind. 

LUGS, Copper 
Humdyr Engineering Co.. 159 E. 133rd 

Dante Elec. Mfg. Co.. Bantam. Conn. 
Ideal Commutator Dresser Co.. Syca¬ 

more. Ill. 
Ilsco Copper Tube A Prods., Inc., Sta¬ 

tion M. ( incinnati 
Krueger A Hudepohl. Third A Vine. 

< incinnati. < ». 
Patton-Mact «uyer Co.. 17 Virginia Av.. 

Providence. R. I. 
Sherman Mfg. Co.. Battle Creek. Mich. 

MACHINES, Impregnating 
Stokes Machine Co.. E. J.. Phlla., Pa. 

MACHINES, Numbering 
Atlair Machinery Corp.. 55 VanDam. 

X ï < 
Xumberall Stamp A Tool Co.. Huguenot 

Park. Staten Island. X. Y. 

MACHINES, Riveting 
( hicago Rivet A Machine < o.. Bellwood. 

Illinois 

MACHINES, Screwdriving 
Detroit Power Screwdriver < o.. Detroit. 

Mich. 
Stanley Tool Div. of the Stanley Works. 
Xew Britain. Conn. 

MAGNETS, Permanent 
(¡eneral Elec. Co.. Schenectady. X. Y. 
Mallory A Co . P. R.. Indianapolis. Ind. 

METAL, Thermostatic 
baker A Co., 113 Astor. Newark. X. J. 
( . s. Brainin Co.. 29 VanDam, X. Y. < . 
Callite Tungsten Corp . I ‘nlon city. 

X .1 
< hace Co.. W . M.. Detroit. Mich 
Metals A Controls Corp.. Attleboro 

Mass. 
Wilson Co., H. A.. 105 chestnut. 

Newark. X. J. 

METALS, Pressed Powder 
(iibson Elec. Co.. Pittsburgh. Pa. 
Mallory A Co.. P. R.. Indianapolis. Ind. 

METERS, Ammeters, Voltmeters, 
Small Panel 

Cambridge Inst. Co., (¡rand ( entrai 
Terminal. X. Y. C. 

De Jur-Amsco Corp . Shelton. Conn. 
» < ¡eneral Electric Co.. Bridgeport. Conn. 

Hickok Elec Inst Co.. < leveland. < ». 
Hoyt Elee Inst. W orks. Boston. Mass 
Readrite Meter W orks. Bluffton. < > 
Roller-Smith Co . Bethlehem. Pa 
Simpson Elec. Co.. 5218 W. Kinzie 

( 'hicago 
Triplett Elec Inst. Co . Bluffton. <». 
W estinghouse Elec. A Mfg. Co.. E. Pitts¬ 

burgh. Pa. 
Weston Elec. Inst. Corp.. Newark, X. J. 

MICA 
Brand A Co., Wm.. 276 Fourth Av., 

X. Y. C. 
Insulation Mfgrs. Corp., 565 W. Wash. 

Blvd.. ( hicago 
Macallen Co.. Boston. Mass. 
Mica Insulator Corp., 196 Varick. 

\ 'i < 
Xew England Mica Co.. Waltham. 

Mass. 
Richardson Co., Melrose Park. Chicago 

MICROPHONES 
Amer. Microphone Co.. 1015 Western 

Av.. Los Angeles 
Amperite Co.. 561 B'way. X. Y. C. 
Astatic Corp.. Youngstown. <>. 
Brush Development Co.. Cleveland. < ». 
( arrier Microphone < 'o.. Inglewood. < al. 
Elect Industries Mfg. Co . Red Bank. 

X. J. 
Electro Voice Mfg. Co.. South Bend. 

Ind. 
Kellogg Switchboard A Supply Co., 
6650 S. Cicero. Chicago 

Radio Speakers. Inc., 221 E. Cullerton. 
( 'hicago 

Philmore Mfg. Co.. 113 University Pi.. 
N. Y C. 

Permoflux Corp.. 4916 W. (¡rand Av.. 
( 'hicago 

Rowe Industries. Inc.. Toledo. (» 
♦ Shure Bros.. 225 W . Huron St., ( 'hicago 

Turner Co . ( edar Rapids, la 
Universal Microphone Co.. Inglewood, 

Cal. 
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MONITORS, Frequency 
★ Browning Labs . Inc . Winchester. Mass. 
♦ l ink I M 127 W 17 St . X < 

MOTOR-GENERATORS, Dynamo¬ 
tors, Rotary Converters 

Alliance Mfg. Co.. Alliance. (>. 
Air-Way Mfg. Co.. Toledo. O. 
Bendix. Red Bank. X J. 
Black A Decker Mfg Co.. Towson. Md 
Bodine Elec. ( 'o.. 2262 W. ( >hio, ( 'hicago 
Carter Motor Co.. 1698 Milwaukee. 

( 'hicago 
Clements Mfg. Co.. Chicago. Ill 
Continental Electric Co. Xewark. X. J 
Delco Appliance. Rochester. X. Y. 
Diehl Mfg. Co.. EIIzal»ethport, X. J 

Dormeyer ( '<>.. Chicago. III. 
Eclipse Aviation. Bendix. N. J. 
Licor. Inc . 1069 W Adams. Chicago 
Electric Motors Corp . Racine Wis. 
1 lectric Specialty Co.. Stamford. Conn. 
Electrolux • 'orp < Md (»reenwich. < 'onn 
I merson Electric Co . St Louis. Mo 
Eureka Vacuum ('leaner. Detroit. Mich. 

★ ( ¡eneral Electric Co.. Schenectady. X Y. 
Janette Mfg. Co.. 558 W. Monroe, 

( 'hicago 
KhalM»- Monarch. St Louis. Mo. 
Leland Electric Co. . Dayton.«» 
Ohio Electric Co. 74 ‘Trinity PL. 

X Y ( . 
Pioneer (¡en-E-Motor. 5841 W. Dickerts 
Av . ( 'hicago 

Redmond ( o . A. (¡ . ( »wosso. Mich. 
Russell ( o.. ( 'hicago. III. 
Webster Co . ( hicago. III. 
Wistlnghou-c Elect Mfg Co.. Lima. ( ». 
Wincharger Corp.. Sioux City. Iowa 

MOUNTINGS, Shock Absorbing 
Lord Mfg < o i rie Pa 

MYCALEX 
★ (¡eneral Electric Co.. Schenectady. X. Y 

NUTS, Self-Locking 
Elastic Stop Nut ( 'orp . Union. X. J. 
Palnut Co.. Inc.. Irvington. X. J. 
Standard Pressed Steel Co.. Jenkintown. 

Ph 

OVENS, Industrial & Laboratory 
★ (¡eneral Elec. Co.. Schenectady. X Y. 
Trent Co.. Harold E.. Philadelphia 

PHOSPHOR BRONZE 
American Brass Co Waterbury. Conn. 
Bunting Brass A Bronze Co.. ‘Toledo. O. 
Driver- Harris Co . Harrison. X. J. 
Phosphor Bronze Smelting Co.. Phila¬ 

delphia 
Revere ( 'opper A Brass. 230 Park Av.. 

X V < 
Seymour Mfg. Co.. Seymour, ('onn. 

PLASTICS, Extruded 
Blum A Co.. Inc.. Julius. 532 W. 22 St.. 

> V ( 
Brand A ( o . Wm.. 276 Fourth Av.. 

X V < 
Extruded Plastics. Inc . Norwalk. Conn. 
Irvington Varnish A Insulator Co.. 

Irvington. X. J. 
PLASTICS, Laminated or Molded 
Acadia Synthetic Prods.. 4031 Ogden 

Av.. ( 'hicago 
Alden Prods. Co.. Brockton. Mass. 
American Cyanamid Co.. 30 Rockefeller 

Plaza. X Y. < . 
American Insulator Corp.. Xew Free¬ 
dom. Pa. 

American Molded Prods. Co. 1753 N. 
Honor*. Chicago 

Auburn Button Works. Auburn. X. Y. 
Barber-Colman Co.. Rockford. III. 
Brandywine* Fibre Pnxls. Co.. Wilming¬ 

ton. Del. 
Catalin Corp.. I Park Av.. X. Y. C. 
( elanese ( ellulold ('orp.. 180 Madison 

( hicago Molded Prods Corp., 1024 N. 
Kolmar. Chicago 

Dow ('hemical Co.. Midland. Mich. 
Durez Plastics A Chemicals. Inc., N. 
Tonawanda. X. Y. 

Extruded Plastics. Inc.. Xorwalk. Conn. 
Formica Insulation Co.. Cincinnati. O. 

*( ¡eneral Electric Co.. Plastics Dept., 
Pittsfield. Mass. 

(¡eneral Industries Co.. Elyria. (>. 
Imperial Molded Prods. Co.. 2921 W. 

Harrison. ( 'hicago 
Industrial Molded Prods. Co., 2035 

( 'harleston, ( 'hicago 
Kurz-Kasch. Inc.. Dayton. (». 
Macallen ('o.. Boston, Mass. 
Mica Insulator Co.. 196 Varick, X. Y. C. 
Monsanto Chemical Co.. Springfield. 

Mass. 
Xational Vulcanized Fibre Co., Wil¬ 

mington. I >el. 
Xorthern Industrial Chemical Co., 

Boston. Mass. 
Radio Citv Products ( 'o . 127 W 26 St.. 

X Y. C. 
Richardson Co.. Melrose Park. Chicago 
Rogan Bros., 180 X. Wacker Dr.. 

( 'hicago 
Rohm A Haas Co.. Philadelphia 
Stokes RublHT Co.. Joseph. Trenton. 

X .1. 
Surprenant I lee. Ins. Co.. Boston 
Synthane Corp., oaks. Pa. 
Taylor Fibre Co.. Xorrtetown, Pa. 
Westinghouse Elec. A Mfg. Co.. E. 

Pittsburgh. Pa. 
Wilmington Fibre Specialty Co., Wil¬ 

mington. Del. 
PLUGS & JACKS, Spring Type 

Eby. Inc . Hugh IL. Phlladel|»hia. Pa. 
FciniteCo . Xewtonvllle. Mass. 

PLUGS & JACKS, Telephone 
Type 

Alden Pro<ls. Co.. Brockton. Mass. 
American Molded Prods. ( o . 1753 X. 

Honore. < hicago 
(¡uardian Elec. Mfg Co.. 1627 W. 

Walnut. ( 'hicago 
Jones. Howard B.. 2300 Wabansia Av.. 

( 'hicago 
PRESSES, Plastic Molding 
Kux Machine Co.. 3930 W. Harrison. 

< hicago 
PRESSES 

stokes Machine Co.. F. J.. Philadelphia 
Watson-Stillman Corp.. The. Roselle 

Park. X. J. 
RECTIFIERS, Current 
Benw<NMl Llnze Co.. St. Louis, Mo. 

Continental Ele*. Co.. 903 Merchandise 
Mart. ( hicago 

Electronics Labs Indianapolis. Ind 
Fansteel Metallurgical Corp . X. Chi¬ 

cago. III. 
★ ( ¡eneral Electric ( <• Bridgep >rt. < onn. 

International Tel A Radio Mfg. Corp.. 
E Newark. N. J. 

Mallory A Co . P. R.. Indianapolis. Ind. 
Nothelfer Winding Labs . ‘Trenton. 
N J 

I iihhi ( luepnotie ("orp.. Tonliigton. 
('onn. 

Westinghouse Elec. A Mfg. Co.. E 
Pittsburgh. Pa. 

REGULATORS, Temperature 
Allen-Bradley Co.. Milwaukee. Wis. 
Dunn. Inc . Struthers, 1321 Cherry. 

Philadelphia 
Fenwal Inc.. Ashland. Mass. 

★ ( ¡enera I Electric ( o.. Schenectady. X. Y 
Mercold Corp.. 4217 Belmont, ('hicago 
Minneapoli— Honeywell Regulator. 

Minneapolis. Minn. 
Spencer Thermostat Co.. Attleboro. 

Mass. 

REGULATORS, Voltage 
Acme Elec. A Mfg. Co.. Cuba. X. Y. 
Ferranti Elec.. Inc., 30 Rockefeller 

Plaza X y c. 
★ (¡eneral Elee. Co . Schenectady. X. Y. 
H-B Elec. Co.. Philadelphia 
Sola Electric Co.. 2525 Clybourn Av.. 

( hicago 
United Transformer Corp.. 15(1 Varick 

V X’ r • 

RESISTORS, Fixed 
Acme Elec. Heating Co.. Boston. Mass. 

★ Aeroynv ( nrp . Xow Bodford, Mans 
Allen-Bradley Co.. Milwaukee, Wis. 
Atlas Resistor ('o„ 423 Broome St., 

X V ( . 
Centralab. Milwaukee. Wisconsin 
Clarostat Mfg. Co., Brooklyn. X. Y. 
Confl Carbon. Ine.. Cleveland. (». 
Daven ( <».. 158 Summit St.. Xewark. 

X .1 
Dixon ( Tucible < o.. Jersey city. X J 
Erie Resistor ( orp.. Erle. Pa 
(¡lobar Div. ( arborundum Co.. Niagara 

Falls. N. Y 
Hardwick Hindle. Inc Xewark. X J. 
Instrument Resistors Co.. Little Falls. 

X. .1 
lntern'1 Resistance ( o.. Philadelphia 
(»limite Mfg. Co.. 4835 W. Flournoy. 

Chicago 
Precision Resistor Co.. Xewark. X. J. 
Sensitive Research Inst. Corp.. 4545 

Bronx Blvd.. X. Y. ( '. 
Shallcross Mfg. Co.. Collingdale. Pa. 
Sprague Specialties Co.. X. Adams. 
Mass 

Stackpole Carbon Co.. St. Marys. Pa. 
Ward Leonard Elec. Co.. Mt Vernon. 

X. Y. 
White Dental Mfg. Co.. I«) E. 4(lth St.. 

X. Y. C. 
Wirt Co., (¡ermantown. Pa. 

RESISTORS, Fixed Precision 
Instrument Resistors. Inc.. Little Falls, 

X .1 
(»limite Mfg. Co.. 4835 Flournoy St.. 

( 'hicago 

RESISTORS, Variable 
★ Aerovox Corp.. Xew Bedford. Mass. 

Allen-Bradlej Co . Milwaukee, Wte 
Amer. Instrument Co.. Silver Spring 
Md 

Atlas Resistor Co.. X. Y. ('. 
Centralab. Milwaukee. Wis. 
Cinema Eng. Co.. Burbank. Cal. 
Clarostat Mfg. Co.. Brooklyn. X. Y. 
Cutler-Hammer. Inc.. Milwaukee. Wis 
DeJur Amsco Corp.. Shelton. Conn. 
Electro Motive ^lfg. Co.. Willimantic 
Conn. 

(¡eneral Radio Co.. Cambridge. Mass. 
( ¡-M Labs.. Inc., Chicago. III. 
Hardwick. Hindle. Inc.. Xewark, X. J. 
Instrument Resistors. Inc.. Little Falls. 
X .1 

Intern ! Resistance Co.. Philadelphia 
Mallory A Co.. P. R.. Indianapolis, Ind. 
Ohio Carbon Co.. Cleveland. (Udo 
(»hmite Mfg. Co.. 4835 W. Flournoy 

St . ( 'hicago 
Precision Resistor Co.. Xewark. X. J. 
Shallcross Mfg Co.. Collingdale. Pa 
Stackpole Carbon Co.. St. Marys. Pa. 
1‘tah Radio Prods. Co.. 820 (»rleans St.. 

( 'hicago 
Ward Leonard Elec. Co.. Mt. Vernon. 

X. Y. 
Wirt Co., (¡ermantown. Pa. 

RESISTORS, Variable, Ceramic Base 
(»limite Mfg. Co.. 4835 Flournoy St.. 

( 'hicago 

RIVETS, Plain 
Central Screw Co.. 3519 Shields Av.. 

( hicago 
Progressive Mfg. Co.. ‘Torrington. ( 'onn. 
Republic Steel Corp.. Cleveland. (>. 

SCREWS, Recessed Head 
American Screw Co . Providence. R. I. 
Bristol Co.. The. Waterbury. Conn. 
Chandler Prxls. Co.. Cleveland. <» 
Continental Screw Co.. Xew Bedford, 

Mass. 
Corbin Screw Corp.. Xew Britain. Conn. 
International Screw Co.. Detroit. Mich. 
Lamson A Sessions. Cleveland. (». 
Xational Screw A Mfg. Co.. Cleveland. 

New England Screw Co.. Keene. X IE 
Parker Co.. Charles, The, Meriden. 
Conn. 

Parker-Kalon Corp.. 198 Varick. X. Y.C. 
Pawtucket Screw Co.. Pawtucket. R. I. 
Pheoll Mfg. Co.. Chicago 
Russell, Burdsall A Ward Bolt A Nut 

Co.. Port Chester. N. Y. 
Scovill Mfg. Co.. Waterbury. Conn. 

Shakeproof. Inc.. 2501 X. Keeler Av.. 
( 'hicago 

Southington Hardw. Mfg. Co.. South¬ 
ington. ( 'onn. 

Standard Pressed Steel < o , Jenkintown. 
Pa 

Whitney Screw Corp.. Xashua X H. 

SCREWS, Self-Tapping 
American Screw Co.. Providence. R I. 
Central Screw Co.. 35|9 Shields Av.. 

( ’ontinental Screw ( 'o . Xew Bedford. 
Mass 

Parker-Kalon ( ‘orp., 198 Varick. X. Y. ( '. 
Shakeproof. Inc.. 2501 X. Keeler. 

( 'hicago 

SCREWS, Set and Cap 
Allen Mfg. Co.. Hartford. < onn. 
Parker-Kalon Corp.. 198 Varick. 
X Y. ( . 

Republic Steel Corp.. Cleveland o. 
Shakeproof. Inc.. 2501 X Keeler Av.. 

( 'hicago 

SCREWS, Hollow & Socket Head 
Allen Mfg. Co.. Hartford, «'onn. 
( 'entrai Screw Co.. 3519 Shields. ‘ hicago 
Parker-Kalon. 198 Varick. X Y ( 
Standard Pressed Steel ( ' >.. Jenkintown. 

Pa 

SHEETS, Electrical 
American Rolling Mill Co.. Middle-

town. ( ». 
( arnegie-Illinols Steel ( orp . Pittsburgh. 

Pa. 
Follansbee Steel ('orp. Pittsburgh. Pa 
< ¡ranite ( ity Steel ( <> . ( ¡ranite ( ity. 111. 
Xewport Rolling Mill ( o Xewnort Kx 
Republic Steel ( orp . ( leveland. < ». 
Ryerson A Son. Inc . Jos. T . ( hicago 

SOCKETS, Tube 
Aladdin Radio Industrie-, 5ol W 35th 

st.. ( 'hicago 
Alden Prods, ("o.. Brockton. Mass. 
Amer. Phenolic Corp . 1839 S. 54th Av.. 

( hicago 
Amer. Radio Hardware Co . 176 B’way. 

X 'i ( 
Birnbach Radio Co.. 145 Hudson. 
X V < ■ 

Bud Radio. Inc., ( leveland. <» 
( inch Mfg. ( o.. 2335 W. Van Buren St . 

( hicago 
( ‘ont l-Diarnond FibreCo. Xewark. Del 
Eagle Elec Mfg Co.. Brooklyn. X Y 
Eb\ . Inc . H. II . Philadelphia 
Federal Screw l*rods. ('<».. 26 S. Jeffer¬ 

son. ( 'hicago 
Franklin Mfg Corp. 175 Varick. 
X Y. ( 

Hammarlund Mfg. Co.. I.' 1 W. 33 St . 
X ï < 

Johnson Co.. E. 1 .. Waseca. Minn. 
Jom*s. Howard B.. 2399 Wabansia. 

( 'hicago 
Micarta I abrlcators. Inc.. 1619 Ravens¬ 

wood. Chicago 
Millen Mfg. ('o.. James. Malden. Mass 
Miller Co.. J. W.. Los Angeles, ('al. 
Xat'l ( 'o. . Malden. Mass 
Remler ( 'o.. San Francisco. ( al. 
Smith Co., Maxwell, Hollywood, ('al. 

SOLDER, Self-fluxing 
(¡arden City Laboratory. 274 4 W. 37th 

PL, ( 'hicago 
★ (¡eneral Elec Co.. Bridgeport, ('onn. 

Kester Solder Co.. 4299 Wrightwood 
Av.. ( 'hicago 

Ruby ( 'hemical < o. , ( 'olumbus, ( ». 

SPEAKERS, Outdoor Type 

SPRINGS 
Accurate Spring Mfg. Co.. 3817 W. 

Lake. ( hicago 
American Spring A Mfg Corp., Holly. 

Mich. 
American Steel A Wire Co . Rockefeller 

Bldg., ( leveland. < > 
Barnes Co.. Wallace. Bristol, ( onn 
( 'uyahoga Spring ( 'o.. ( leveland. < ». 
(¡ibson Co.. Wm. D . 1899 Clybourn 

Av.. ( 'hicago 
Hubbard Spring Co., M D.. Pontiac, 

Mich. 
Hunter Pn*sse<i Steel Co Lansdale. Pa. 
Instrument Sjiecialtles Co Little Falls. 

X \ 
Muehlhausen Spring Corp . Logansport. 

Ind. 
Peck Spring Co.. Plainville. Conn. 
Raymond Mfg. Co.. Corry. Pa. 

SUPPRESSORS, Parasitic 
< »limite Mfu Co 18 ¡5 i lournoj st 

( 'hicago 

SWITCHES, Rotary Tap, Ceramic 
Base 

(»limite Mfg. Co.. 4835 Flournoy St.. 
( 'hicago 

TRANSFORMERS, IF 
Aladdin Radio Industries. 501 W. 35th 

St , ( hicago 
Amer. ‘Transformer Co . Xewark. X. J 
Automatic Windings ( o , E. Paasaic, 

X .1 
Carron Mfg. Co.. 415 S. Al»erdeen. 

( hicago 
D-X Radio Prods. Co . 1575 Milwaukee. 

( hicago 
(¡eneral Winding Co. 254 W. 31 St.. 

X Y. ( 
(¡uthman A Co., 499 S. Peoria St.. 

( 'hicago 
Hammarlund Mfg. Co.. 424 W. 33 St.. 

N. Y. C. 
Meissner Mfg. Co.. Mt ( armel. III. 
Millen Mfg ( o.. James. Malden. Mass. 
Miller Co.. J W., Los Angeles. Cal. 



Nat'l ('<».. Malden, Mass 
Sickles Co . I . W . Springfield, Mass. 
Trlrradio Eng. Corp., 484 Broome St . 

\ \ < 
Triumph Mfg. Co.. 4017 W. Lake. 

Chicago 

TRANSFORMERS, Receiver Audio 
& Power 

Acme Elec. A Mfg. Co.. Cuba. N. Y. 
Amer. Transformer Co.. Newark, N. J. 
Amplifier Co. of Amer . 17 W. 20th St.. 

N. Y. C. 
Audio Devel.Co.. N. Minneapolis. Minn. 
Clnaudagraph Speakers. Inc.. 392!» S. 

Michigan, < 'hicago 
Electronic Trans. Co.. 515 W. 29 St , 

N. Y. C. 
Ferranti Elec., Inc., 30 Rockefeller 

Plaza, N Y. c. 
Freed Traits. Co., 72 Spring St.. N. Y. C. 
Gcn'l Radio Co.. Cambridge. Mass. 
General Trans. Corp.. 1250 W Van 

Buren. < 'hicago 
Ilalldorson Co.. 4500 Ravenswood. 

( 'hicago 
Jefferson Elec. Co.. Bellwood. Ill 
Kenyon Transformer Co.. 840 Barry St.. 

N. Y C. 
Magnetic W indings Co.. Easton. Pa. 
New York Transformer Co.. 51 W. 3rd. 

\ ï ■ 
Norwalk Transformer Corp, S. Norwalk. 

( 'onn. 
Raytheon Mfg. Co.. W altham. Mass 
Skaggs Iransformer Co.. Los Angeles. 

< 'al. 
Standard Transformer Corp., 1500 N. 

Halsted. ( hicago 
Superior Elec. Co.. Bristol. Conn. 
Thord arson Elec. Mfg. Co.. 500 W. 

Huron, Chicago 
Utah Radio Prods. Co.. 820 Orleans St.. 
Chicago 

TUBES, Cathode Ray 
Dumont Labs.. Allen B.. Passaic. N J 
Farnsworth Tele. A Radio Corp., Ft. 
Wayne. Ind 

♦ General Elec. Co.. Schenectady, N. Y. 
Hygrade Sylvania < orp.. Salem. Mass 
Nat l I nion Radio Corp.. Newark. N J 
RCA Mfg. Co . Camden. N. J. 

TUBES, Current Regulating 
Amfiehte Co.. 561 Broadway. N. Y. C 
Champion Radio works, Danvers. Mass. 
Hytron Corp. A H y tronío Labs . Salem. 

Mass. 
RCA Mfg. Co.. Camden. N. J 

TUBES, Photo-Electric 
Bradley Labs.. New Haven. Conn. 
< ont'l Elec. Co.. Geneva. III. 
De Jur-Amsco Corp.. Shelton. Conn 
De Vry. Herman A.. Illi W. Center. 

< 'hicago 
Electronic Laboratory, Los Angeles, Cal. 
Emby Pt<k1s. Co.. Los Angeles. Cal. 

★ General Elec. Co., Schenectady. N. Y 
General Scientific Corp.. 4829 S. Kedzie 

Av.. Chicago 
G-.M Labs.. 1313 N. Knox Av . Chicago 
Leeds A Northrup Co.. Philadelphia 
Nat l I nion Radio Corp.. Newark. N J 
Photobell Corp.. 123 Liberty St.. 

N. Y C. 
RCA Mfg. Co.. Camden. N. J. 
Rehtron Corp., 2159 Magnolia Av., 

( hicago 
Rhamstine. J . Detroit. Mich. 
Westinghouse Lamp Div.. Bloomfield. 

N .1 
Weston Elec. Inst. Corp.. Newark. N.J. 

TUBES, Receiving 
★ < í e neral Electric < o.. Schenectady. N. Y. 

Hygrade Sylvania (.'orp.. Salem. Mass. 
Hytron Corp., Salem, Mass. 
Ken-Rad Tube A Lamp Corp., owens-

boro, Ky. 
Nat l Union Radio Corp., Newark. N. J. 
Raytheon Prod. Corp.. 420 Lexington 

Av.. N. Y. C. 
RCA Mfg Co.. Camden. N J 
Tung-Sol Lamp Works, Newark. N. J. 

TUBES, Transmitting 
Amperex Electronic Prods . Brooklyn, 

N 
Eitel-McCullough. Ine., San Bruno. Cal. 
Federal Telegraph Co . Newark. N. J. 

* General Elec. Co.. Schenectady. N. Y 
Heintz A Kaufman. S. San Francisco. 

Cal. 
Hytron Corp.. Salem. Mass 
Nat'l Union Radio Corp., Newark. N. .1 
Raytheon Prod. Corp., 420 Lexington 

Av.. N. Y. C. 
RCA Mfg. Co.. Camden, N. J 
Taylor Tubes. Inc., 2341 Wabansia. 

( 'hicago 
United Electronics ( 'o. Newark. N .1 
Westinghouse Lamp Div., Bloomfield. 

N. J. 

TUBES, Voltage-Regulating 
Amperite Co.. 561 Broadway. N. Y. C 
Hygrade Sylvania Corp.. Salem. Mass 
Hytron Corp., Salem. Mass 
RCA Mfg. Co.. Camden. N. J. 

TUBING, Laminated Phenolic 
Brandywine Fibre Prods. Co.. W ilming¬ 

ton. Del. 
Formica Insulation Co.. Cincinnati. <>. 

★ General Electric Co . Pittsfield. Mass. 
Insulation Mfgrs. Corp.. 565 W. Wash¬ 

ington Blvd., Chicago 
Mica Insulator < o.. 196 Varick, N. Y. < '. 
Nat'l Vulcanized Fibre Co.. Wilmington. 

Del. 
Richardson Co.. Melrose Park. Chicago 
Synthane Corp., Oaks. Pa. 
Westinghouse Elec A Mfg. Co. E Pitts¬ 

burgh. Pa. 
Wilmington Fibre Specialty Co . Wil¬ 

mington. Del. 

TUBING & SLEEVING, Varnished 
Cambric, Glass-Fibre, Spa¬ 
ghetti 

Bent ley- Harris Mfg. ( 'o.. ( onshohocken . 
Pa. 

Brand A Co.. Wm.. 276 Fourth Av.. 
N. Y. C 

Endurette Corp, of America. Cllffwood. 
\ .1 

★ General Elec Co.. Bridge|»ort. < <mn 
Insulation Mfgrs. Corp.. 565 W. Wash¬ 

ington Blvd., Chicago 
Mica Insulator Co.. 196 Vanek St.. 

VIBRATORS, Power Supply 
Turner Co.. ( 'edar Rapids. la 

WIRE, Bare 
American Steel A Wire Co.. Cleve¬ 

land. <>. 
Anaconda Wire A Cable Co.. 25 Broad-
waj n . \ c. 

Ansonia Elec. Co.. Ansonia. Conn 
Belden Mfg Co., 1633 w Van Buren, 

Chicago 
♦ General Elec. Co.. Bridgeport. Conn 

Phosphor Bronze Smelting Co., Phila¬ 
delphia 

Rea Magnet Wire Co.. Fort Wayne. Ind. 
Roebling's Sons Co.. John. Trenton, 

\ .1 

WIRE, Magnet 
Acme Wire Co.. New Haven, Conn. 
American Steel A Wire Co., Cleve¬ 

land. O. 
Anaconda W ire A Cable Co.. 25 Broad 

way. N. Y. C. 
Ansonia Elec. Co.. Ansonia. Conn 
Belden Mfg. Co.. 4633 W. Van Buren. 

< 'hicago 
Electric Auto-Lite Co , The. Port Huron. 

Mich. 
* General Elec. Co.. Bridgeport. Conn 
★ General Elec. Co.. Schenectady, N. Y. 

Holyoke Wire A Cable Corp . Holyoke, 
Mass. 

Rea Magnet Wire Co.. Fort Wayne. 
Indiana 

Rock best os Prods, ('orp.. New Haven. 
( 'onn. 

Roebling's Sons Co.. John. Trenton, 
N J. 

DIRECTORY OF MANUFACTURERS’ 

REPRESENTATIVES à SALES OFFICES 
IN RADIO WAR PRODUCTION AREAS 

★ These manufacturers’ names are starrer! in the Radio-Electronics 
Products Directory 

AEROVOX CORP 
Boston. 94 Portland St.. Lafayette 3484 
( hicago: 4753 B'way. Long Beach 01( 9 
« leveland: 219 Film Ex. Bldg . Prospect 

0719 
Los Angeles: 1341 S. Hope St.. Rich¬ 
mond 9121 

New York: 347 Fifth Ave . Murray Hill 
5-7090 

Pittsburgh: 918 Hill St.. Churchill 0838 

BROWNING LABORATORIES, INC. 
Address all correspondence to Winches¬ 
ter. Mass.: 755 Main St.. Win. 2121 

GENERAL ELECTRIC CO 
Boston: 140 Federal St.. Hubbard 1800 
Chicago: 840 S. Canal St . Wabash 561 I 
( leveland: 4966 Woodland Ave.. Endi¬ 

cott 4464 
New York: 570 Lexington Ave.. Wicker¬ 
sham 2-1311 

Philadelphia : 1405 Locust Ave.. Penny¬ 
packer 9000 

San Francisco: 235 Montgomery st.. 
Douglas 3740 

LINGO & SON, INC., JOHN E. 
Address all correspondence to ( 'amden. 
N.J 28 A Van Buren Ave.. ( aniden 487 

LINK, F. M. 
Address all correspondence to New 
York: 125 W 17th St.. Chelsea 3838 

SHURE BROTHERS 
Chicago: 225 W. Huron St.. Delaware 

8381 
( 'olumbus: 85 E. Gay St.. Adams 8928 
New York: 136 Lilierty St . Worth 
2-6550 

Philadelphia: 1343 Arch St.. Rittenhouse 
OTTU 

San Francisco: 
2625 

234 Ninth St.. Hemlock 

Washington: 3308 Fourteenth St . 
N W.. ( dlumbia 3938 

ARE YOU MISSING ANY 

BACK ISSUES OF FM? 

Every issue of FM contains 

data on the mechanical and 

electrical design of radio 

equipment that every engineer 

should have right on his desk. 

Check this list to see which is¬ 

sues are missing from your 

file: 

November, 1940 

Out of Print 

December 

January, 1941 

February 

Out of Print 

March 

April 

May 

June 

□ July 

August 

September 

October 

J November 

1 December 

January, 1942 

February 

March 

April 

Then send in your order at 

once. The price is 25 cents 

each, or six copies for $1.00, 

postpaid. 

If you haven't the December 

1940 and January 1941 is¬ 

sues, order them now, as only 

a few copies remain. 

This is your opportunity to get 

a wealth of technical data 

written by leading engineers, 

available from no other source. 

six si nn post
COPIES I.UU PAID 

FM Company, Publishers 
112 East 36th Street ■ New York City 

29 



(22b) 

e 162-A constant-volt -fluctuation. A type 
available for this 

resistance, R,i. of the test circuit 

1.5!» X 10‘ Q,Qi 
Rd = fC, - <W 

NOTES 

the tinned copper to avoid distorting 
strips connected to the grid and plate 

reading 
resonant 

6.28 X = 
1.5!» X 10“ Q 

anee. Rj. is : 

Rd 

in which J is 
L, C, and Q 

the resonant frequency and 
are the circuit inductance. 

SIMPLIFIED NON-DI RECTIONAL ANTENNA 
DEVELOPED BY G.E. WAS SHOWN AT I R E. 

CLEVELAND CONVENTION 

ON USING THE 170-A Q 
METER 

age transformer i 

te.ft to the frequency of measurement, f. 
as indicated by a maximum deflection of 
the Q voltmeter. The new Q voltmeter 

may be called Qi. The anti¬ purpose. 
A small amount of reaction on the 

oscillator output voltage is to be expected 
when the Q measuring circuit is brought 
into resonance. This is usually of little 
importance in the direct measurement of 
the Q of a coil. However, in the measure-

contact be made between the terminals of 
the coil under measurement and the ter¬ 
minal posts of the Q-Meter. 

Also, since the inductance of such coils 
is usually well under 1 ghenry, it is ap¬ 
parent that the terminals of the coil to be 
measured must fit the terminals of the 
(¿-Meter with sufficient accuracy to per¬ 
mit their removal anil subsequent re¬ 
placement without changing theireffective 
inductance appreciably. 

Replacing Tulles ★ In removing and replacing 
the oscillator tube, care should be taken 

As an example, a typical small molded 
mica condenser of 25 apf- nominal capac¬ 
itance when connected to the condenser 
terminals with short, ordinary wire leads 
shows a marked increase in effective 
capacitance at 200 me., «lue to the in¬ 
ductance of the condenser and its leads. 

Replacing the wire leads with copper 
ribbon reduces the lead inductance and 
the apparent capacitance. 

Coupling of Unshielded Coil ★ At high frequen¬ 
cies, a surprising number of objects such 
as sections of electric light and power 
lines, electric cords, coils, and other ob-
jects may become resonant. 

If such objects are adjacent to an un-
shielded coil which is being measured in 
the Q-Meter, they may affect the indi¬ 
cated Q of the coil, and its apparent in¬ 
ductance. in the frequency region of this 
resonance. This condition is indicated by 
a kink in an otherwise smooth curve of 
Q versus frequency. 
Under some conditions, the indicated 
Q may be affected by the hands of the op¬ 
erator when placed close to or in contact 
with the instrument case, even though 
this is grounded in the conventional man¬ 
ner. Occasionally, greater stability can be 
obtained by eliminating the ground con¬ 
nection. 

Engineers versed in I III' technique are 
acquainted with such phenomena. A sta¬ 
ble condition can be obtained usually by 
re-arranging the power line cables, or 
removing the instrument from the region 
of resonant structures. In general, this 
condition is not present when shielded 
inductors are employed. 

Stability ★ The 170-A Q-Meter has a self-
contained B voltage regulator. However, 
an external line-voltage regulator is rec¬ 
ommended if the AC voltage is subject to 

capacitance, and Q at resonance. 
The anti-resonant resistance of a tuned 

circuit can be measured with the Q-Meter 
by treating the circuit as a high resistance 
and measuring its resistance in a manner 
similar to that described for resistors in 
the preceding section 7-C. In this fase, 
however, after resonating the Q circuit 
of the Q-Meter without the circuit un¬ 
der test connected, and recording the 
values of Q circuit capacitance and Q as 
Ci and Qi, th«- circuit under test should 
be connected to the condenser terminals 
of the Q-Meter and th«- Q circuit re¬ 
resonated by resonating the circuit uniter 

ment of a condenser, it may be of impor¬ 
tance, since such measurements frequently 
involve the determination of small △ Q 
values. Under these conditions, the os¬ 
cillator output should be readjusted to 
read xl (or other multiple) when the 
measuring circuit is resonated to the 
oscillator. 

In this instrument, the oscillator output 
voltage is measured by a diode vacuum 
tube voltmeter. This is the Multiply Q 
By meter on the front panel. The level of 
the oscillator output voltage will vary 
about 3 to 1 over the total frequency 
range of the instrument. 
As a result of the variation of the output 

level, the Multiply Q By meter may be 
driven off scale. While it is desirable to 
avoid this, there is little danger of damag¬ 
ing the system since this is a vacuum tube 
voltmeter and not a thermocouple. After 
the initial warm-up period, the zero should 
be checked. Thereafter, it will be quite 
stable. 
The Q vacuum tube voltmeter is a 

small type 955 triode. This tube was 
chosen for the purpose because of its low 
input capacitance and circuit loading. 
Only selected tubes are suitable for use in 
this application. The Q voltmeter is less 
stable than the diode vacuum tube volt¬ 
meter. and its zero setting should be 
checked frequently to insure best op¬ 
eration. 

Terminal and Contad Resistance ★ The posts 
on the Q-meter have been designed to 
reduce the capacitance and internal in¬ 
ductance of the Q measuring circuit to a 
minimum. Since the series resistance of 
coils used at high frequencies is usually 
less than 1 ohm. it is necessary that good 

To remove the Q vacuum tube volt¬ 
meter tube, the Q tuning condenser should 
be rotated until the plates are fully 
meshed. 

Stock tubes should not be used in this 
instrument. Tubes specially selected for 
the Q-Meter are obtainable from the 
Boonton Radio Corporation. 

In the event of the unsatisfactory per¬ 
formance of the Ç-Meter, if the trouble is 
not corrected by replacing the tubes, the 
instrument should be returned to the fac¬ 
tory for repair. 

The values thus obtained can be used 
in formulas (18a) to (21a). l’art 1. to de¬ 
termine the effective series values desired. 

7-0: Anti-Resonant Resistance of a Tuned Circuit * 
This quantity, sometimes called “dy¬ 
namic resistance." is the resistance of a 
resonant LC circuit as measured at the 
terminals of the coil or condenser. It is of 
interest when such a circuit is used as a 
coupling element in a vacuum tube am¬ 
plifier having a high plate resistance, since 
the gain is proportional to the anti-
resonant resistance. If the Q of a circuit 
is not too small, its anti-resonant resist-

THE FACTOR Q 
(CONTINUED FROM PAGE 18) 

(C. 

Q' " C. - QJ 

The type 170-A Q Meter has an oscilla¬ 
tor frequency of 30 me. to 200 me., ac¬ 
curate to ± 1%. The Q voltmeter is 
calibrated directly in Q, from 80 to 300. 
Since the Multiply Q By meter reads from 
xl to x4, the total range is from 80 to 
1,200. 

Certain precautions are suggested here¬ 
in order to assure accurate measurements: 

Short Leads * Attention is especially called 
to the importance of using extremely short 
and wide leads (of low inductance and 
low resistance) when connecting cods, 
condensers, or other impedances to the 

A A terminals of the 170-A meter for measure-
J (J ments at high frequencies. 
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GROUP SUBSCRIPTIONS 
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Please enter the following subscriptions, for 
which remittance is enclosed: 

J Two 1-year subscriptions . $5.00 
J Three 1-year subscriptions .... $6.00 
J Four 1-year subscriptions . $7.00 
] Five 1-year subscriptions . $8.00 

NOTE: Groups of 6 subscriptions or more will be 
accepted at the rate of $1.60 each for one year. 
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Question: Why has “Radio-Electronic Engineering & Design” 
been added to the title of FM Magazine? —Answer: 
Because the editorial contents have been broadened to 
cover all phases of radio-electronic engineering and design. 



PERFECTING the operation of new radio 
or electronic equipment is only the first 
part of a development project intended for 
use bv our Armed Forces. 

Final acceptance requires conformity with 
the extremely exacting Army-Navy Speci¬ 
fications. 

The Browning Laboratories are eminently 
fitted bv long experience to handle not 
only thé initial development but the execu¬ 
tion of final electrical and mechanical de¬ 
signs to be submitted for Army or Navy 
approval. 

Precious days and weeks are sometimes 
lost in obtaining official acceptance through 
lack of information or misunderstanding 
of the complicated details of requirements 
under A-N Specifications. 

Specializing in the field of military radio-
electronic applications, engineers of the 
Browning Laboratories, under the direc¬ 
tion of Glenn H. Browning, have the 
knowledge necessary to avoid delays in 
obtaining acceptance by the Army and 
Navy. 

Available with One to Four Bands 

Priced $125 to $185 

— 

This is one of the most important wartime 
services being performed by the Browning 
Laboratories. Inquiries are invited from 
concerns undertaking radio-electronic de¬ 
velopment projects for use by our Armed 
Forces. Names of clients we are now serv¬ 
ing will be given upon request. 

Browning Laboratories, Inc. 
735 MAIN STREET WINCHESTER. MASSACHUSETTS 

The Browning Frequency Monitor, illustrated 
above, is used as standard equipment for police 
and public utility emergency radio systems through¬ 
out the USA. It provides the greater precision now 
required by the FCC for all emergency transmitters. 
Suitable for both FM and AM, the Browning Moni¬ 
tor is built with one to four bands, for any frequen¬ 
cies between 1.5 and 60 me. Prices: 

1 Band . S125 3 Bands . S165 

2 Bands. 145 4 Bands. 185 



Mobile Emergency 25-Watt Transmitter and Receiver 

FROM EVERY ANGLE 
BUILT TO MEET ALL THE NEW NEEDS 
OF WARTIME EMERGENCY SERVICE 

THE same engineering 
"know-how” that has 

made REL the largest man¬ 
ufacturer of high-power FM 
transmitters is built into 
REL mobile emergency 
equipment. 

For example, "extra per¬ 
formance” in REL trans¬ 
mitters at Paxton, Mass, 
and at Mt. Washington en¬ 
able the Yankee Network to 
blanket the entire New 
England States with strong, 
clear FM signals, despite 
the fact that this is one 
of the worst areas in the 
U. S. A. for radio com¬ 
munication. 

This kind of extra perform¬ 
ance in REL mobile and 

headquarters emergency 
equipment means that cer¬ 
tainty of communication is 
assured under the difficult 
conditions which are en¬ 
countered by patrol cars in 
the protection of lives and 
public property. 

Equally important is the 
"extra dependability” for 
which REL designs are so 
famous, as represented by 
the 3-year record ol the 
156-mc. WEOD transmitter 
in Boston, now on the air 
24 hours a day, 7 days a 
week. No other FM station 
in this country has such a 
record of continuous 
service. 

The group of long-expe¬ 

rienced experts who de¬ 
signed this equipment 
engineered the same degree 
of extra dependability into 
the REL Victory Model 
single-chassis emergency 
units, now available for all 
types of radio patrol, alarm, 
and communication net¬ 
works. Inquiries should be 
addressed to: 

RADIO ENGINEERING LABS.. Inc. 
Long Island City New York 

Sa Zes Offices: 
5334 Hollywood Blvd., Hollywood, California 

2040 Grand River Ave. W., Detroit, Michigan 

310 Fifteenth St., Denver, Colorado 

RUMFORD PHLSS 

CONCORD. N X 



LINK 2-WAY FM 
meets another emergency need 

The Empire State now joins the ever¬ 
expanding chain of Link-equipped 
State Police communications systems 
along the Atlantic Seaboard. 

This new network, extending the full 
length of Long Island, enables patrol 
cars to maintain 2-way contact with 
their headquarters stations from any 

point, at any time, to meet any emer¬ 
gency that may arise. 

Tests now completed show the per¬ 
formance of this LINK FM system to 

be substantially in excess of specified 
requirements, giving a wide margin 

of safety to assure the protection of 
lives, homes, and factories in this area. 

THESE LINK-EQUIPPED FM STATE-WIDE POLICE SYSTEMS NOW SERVE THE ATLANTIC SEABOARD 

CONNECTICUT 
DELAWARE 

MARYLAND 
MASSACHUSETTS 
NEW JERSEY 

NEW YORK 
VIRGINIA 

THE BEST-EQUIPPED MUNICIPAL POLICE SYSTEMS ALSO USE LINK EQUIPMENT EXCLUSIVELY 

Telephone: CHELSEA 2*3838 

dhe Difficult we do Immediately — 

J/ie Impossible takes a little longer" 

3red Link 125 WEST 17th ST., NEW YORK, N.Y 

Engineer • Manufacturer 




