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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 mcre 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.
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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.

If vou use forced air against the bottom
of the tube, kecp the blower on for a few
minutes after shutting filaments down,
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Do not allow the cathode voltage

measured at the pins) to deviate more
than five per cent from the rated value.
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Generol Electric ond its employess
are proud of the Navy oward of
! o Exiellonce made fo ifs Erie Works for

the manutfactvre of novel ordnonce.

Keep condensed mercury temperature
within limits recommended by tube manu-
facturer.

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

Don’t overload tubes, even for short
periods. Maintain full cathode voltage

during standby operation when tube is
operated without load.

Be sure cathode base, not the ancde end,
is coolest part of tube. Don’t let drafts
blow on tubes. Never allow the mercury
to condense at the anode end.

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

GENERAL ¢ ELECTRIC

163 -38-8860




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-
INGare 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 who can

only write what 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
CXCCULIVES . v v e s vveenennnnnnns 1,308

Laboratories. patent lawyers, for-

eign purchasing commissions,

and miscellaneous............ 144
Radiotrade.................... 295
Others. .. oveiiniiiiiininenenn. 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
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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,
i 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
. .l UTC, fast service can be given.

llustrated 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?

UNTEDETRANSIROE

150 VARICK STREET
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| ENCINEERING & DESIGN  This photograph, taken in

A/ the REL factory, symbolizes
the part which skillful. in-
genious young men are tak-
ing in the production of the
superior radio apparatus
with which our Armed
Forces are being equipped.
Theirs is a great responsibil-
ity, for the failure of a single
part or connection during an
cengagement with the enemy
might spell death to men
whose lives  depend  upon
T T L 'naintaining communication
LRI TR RN arRl  \~ith coGperating units.

[}

LIMITED EDITION

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 $5.00 each, postpaid.

FM COMPANY

112 EAST 36th STREET, NEW YORK CITY 3



MODEL 670

ELECTRONIC LIMIT BRIDGE FOR PRECISION RESISTANCE TESTING

For rapid, precision r . Direct reod-

RADIO CITY PRODUCTS New line 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 wider-latitude applica-
tions. Several typical instruments in the
Radio City Products’ line are illustrated.

ing, accurate to 0.i oi i.%, in *% dewviaiions irom prede-
termined stondards, internal standards o specifications.
Instrument olso provides for external standords. External and
internal stondards can be used in combination. Battery

operaled, self-contoined with 42" gawonomeler 150

A

VOLT — OHM — MILLIAMMETER
Meter sensitivity 2,500 ohms per volf.
+2% accurate. 5 DC ranges 0-1,000
volts. 4 AC ranges 0-1,000 volis. 4
DC mo. ranges 0-1,000. 4 Ohmmeter
ranges 0-10 meg. db ronge
from —10 to +55. Complete 23.50
in portable cose with leads, as il
lustrated $25.95.

MODEL 423

RCP Instruments are available

&,
through local distributors. Don’t accept £ o
substitutes. If unable to obtain from LS
regular sources of supply order direct. 95
RCP'sengineering and production staffs g,"(:
ore active in the design and manufac- %{y'
ture of instruments to specifications. -

Your inquiries are cordially invited. ¥

RADIO CITY PRODUCTS COMPANY

INCORPORATED

127 WEST 26th STREET NEW YORK CITY

e

ELECTRONIC AC-DC VOLTMETER
— OHMMETER — CAPACITYMETER

Vacuum tube voltmeter with 6 AC
ranges and 7 DC ronges, 0-4000 V.—
input resistance 16 and 160 meg-
ohms. Seven range direct reading
vacuum lube ohmmeter to 1,000 megs.
Seven range vocuum tube copocity
meter to 2,000 mtd. In rugged
welded crystaliine finish case,

/
4750

MODEL 662
VACUUM TUBE VOLTMETER

A peok voltmeter d d for ements

covering the entire oudio ronge, Meter 44"
0-200 microammeter. Operates on 60 cycle 105-
130 volt power supply. Provisions for

botitery operation. Complete .. 35 50

MODEL 666

Write today for Bulletin No. 126 describing
7+ the complete RCP line of dependable precision
,7 instruments. Use convenient conpon helow.
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/ RADIO CITY PRODUCTS COMPANY, INC.

127 WEST 26TH STREET, NEW YORK CITY

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

NAME.......cooiiiiiaeiennnae Geeetitecsnitesiaainenes .

ADDRESS.................... 50000000000a00A0AB0AC00300

cry..

teessurensenene

.STATE...... o
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RADIO ENGINEERING PROBLEMS

As Reviewed at the Cleveland Gonvention of the Institute of Radio Engineers
BY ARTHUR VAN DYCK * and PAUL GALVIN **

ACH individual can learn from others
something useful to his own war work
coneerning materials, precision manufac-
ture, measurements, governmental pro-
cedure, or other things of vital interest at
the moment.

The radio industry is doing a tremen-
dons job in the war effort, It has become a
billion dollar industry. It has converted
from peace time production 1o war pro
duction rapidly.

In so domg it has changed from designs
mvolving tolerances <o crude that dials
were arranged particularly to prevent the
discovery thereof. 1o designs of high pre-
cision, both mechanically and cleetrieally.
From apparatus required to meet only
the variable conditions between parlor
and Kitehen, it has turned to making ap-
paratus to work refiably from the strato-
sphere to the equatorial desert.

The burden of this accomplishment Las

President. Institute of
Monager, ROCAD License
Menue, New York Chiy,

B President, Radio Mamfaerirers Assozintion and
Pre~udent. Galvin Mfg. Corgporat on, Chieago, T,

Racao Engne i«
Luborato v 711 Fifil

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

P'erhaps the training received by radio
nien during the past decade, in turning
ont a new line of forty-nine madels every

adequate  sleep.

three months, has stood them in good
stead, Even a war has perhaps been no
worse than some of the past convulsions
at new-maodel 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,

The new maobility of attack. on land.
~cit and in the air, is possible only by use
of radio communication. The companion
mobility of successiul defens: is dependent
likewise upon radio communication,

In addition to these. we have the ap-

phications of radio techniques to new

instruments and weapons, thereby broad-
ening the field of radio to limits not vet
clearly seen,

The world s in an age of miracles, and
we 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 information. I might tell you at
this time that the Board of Directors
views with some concern the present situa-
tion in distribution of new techunical in-
formation. While recognizing fully the
need for the right kind and degree of
seereey, it is recognized also that under
today™s conditions of rapid advance in
numerons new fields, too mueh seercey is
reashly possible,

Complete olation of workers, and 1oo
confined compartmentalization of knowl-
edge. in radio science today, means dupli-
cation of work. and loss of contribution to
work in cach compartment from work in
the others. Each and every laboratory
thinks of itself as self-<uflicient and wholly
competent, and while all may he so for
short periods of time, they cannot he so
for longer periods, We do not realize,

THIS GENERAL ELECTRIC FACTORY, RECENTLY COMPLETED, IS AN EXAMPLE OF RADIO ENGINEERING GEARED TO ALL-OUT WAR EFFORT



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, cach lab-
oratory is limited in new knowledge to its
own contributions. Mere coisrdination
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 scems quite cer-
tain that if this war continnes much
longer, as it gives every promise of doing,
ways must be found of obtaining dissemi-
nation of information to loval workers.
with security from the enemy, or our
performance will be dangerously handi-
apped.

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.

[ 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 techanique and
communication practices are so similar
in the two armed serviees 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 coirdination
and simplification work involved,

The work has been in progress for sev-
eral months, nnder the guidance of the
American Standards Association and the
sponsorship of the Institute of Radio En-
gincers, The work of the American Stand-
ards Association is of greater importance
than is recognized generally in peacetime.
In wartime, when advantage to produe-
tion is urgently needed. such work comes
imto more prominent relief and s more
readily accepted. This is obviously a
work of great value to the war effort, but
it involves much hard work without re-
ward exceept that to the common good.
It is being accomplished without fanfare
and publicity. and will he reported through
appropriate channels in due course,
Arthur Van Dyek.

- MUST marshall real fighting ideas
and turn our work and our habits of
working into the groove that will best aid
inour country winning the war. Those who
have not negotiated this mental bottle-

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

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
conelude 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 eleetronice 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 |.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, guns and radio
cquipment. If we don’t. onr smart enemy
will have better equipment and apparatus
and we shall be outelassed.

You are being called upon and will
continue to be called upon throughout this
entire war to strain to the hreaking point
to deliver energy, effort and brains, the
like of which you have never done before,
You may have thought you were very
busy many times before, but this war
effort calls for a personal and 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 ean 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
cffective 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 eritical
material problem as best you can is to
design away from it. And in yvour design
activity I caution vou to watch this eriti-
al material problem very carefully. It
will save you, yourmanufacturer, and the
Army and Navy many headaches,

The mechanical engineer and the elee-
trical engincer in this effort. more than
ever hefore, must have a greater spirit of
coiiperation, one unto the other, in quickly
working out design problems, The design
engineer should be more conscious of the
manufacturing and tooling problems. These
an be serious bottlenecks in getting ap-
paratus through the plant in quantities,
and on time,

Today the radio development and de-
sign engineer has to be more cognizant of
the other fellow’s problems than ever he-
fore. The effectiveness of our industry's
war cffort depends upon the proper inte-
gration of all of our efforts — andthose
efforts can be so much more friitful 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 electronice field
in both Germany and 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 yvou 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 coiirdination of land. air and
sea forees is accomplished by radio. Pro-
tection from the enemy and firing accu-
racy is accomplished by Radar. It has heen
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
m enabling the RALF. to maintain supe-
riority in the air over the Nazis, with a
much smaller aggregation of flying equip-
ment,

You are alive. I am sure, to your war
effort responsibilities but 1 implore you to
do more. You must do more. We all must
do more if we are to win this war, — Paul
Galvin,

In Preparation: A forthcoming issue of
Radio-Electronie Engineering will present
a comprehensive article on the application
and use of constant-voltage transformers,
giving complete data on characteristies
and mechanical design of standard types
available for use in radio equipment.
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FI1G. 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

INCE last December, a tremendous de-
mand has sprung up for 2-way FM

cemergeney equipment. What was a normal
growth 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 serviee 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 i~ why the de-
sign of the REL Victory model and meth-

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

BY LESLIE NOZDROVICZKY *

ods for its production were worked
out simultanconsly.

As soon as the parts list was available
from the first laboratory maodel, considera-
tion wuas 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 cateh defective com-
ponents before they conld be wired into
the chassis, and to simplify final inspee
tion and adjustment.

The pre-fabricated units in this equip
ment, some of which can be seen in Fig.
3, are:

1. The RF power amplitier plate trans-
former (not shown).
2. Power amplifier driver transformer.

3. Resistor strips.

4. Meter jack assemblies.

3. Dynamotar filters and terminal boards.
G. Cable harness.

In addition, all solid bus wires were
laid out to be cut and bent in advance.
and all coll 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-
queney transformers to approximate
resonanee.

2. Checking all other tuned circuits for
frequeney 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.



dinmensioned so that its capacitance does
not exceed the A (" available in the Q
tuning condenser.

5-8: Dielectric Constant « T'o determine the
dicleetrie constant, e, of a sample of in-
sulating material: Prepare it as desceribed
above, and measure its capacitance ac-
cording to the method given in section
$-B. and call this value €. Mcasure the
area of the active dieleetric contained
hetween the clectrodes calling this value
N. and measure the average thickness of
the active dielectric calling this value f.
When € s in micro-microfarads and S
and ¢ are in inches, the dicleetrie con-
stant is:

145 Ct

»)
N S

€

When S and ¢ are measured in centi-
meters. the dieleetrie constant is:

11.3 't
=

5-C: Power Factor and Q « To determine the

(+3)

€

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-
seribed in section 4-1). For convenience,
the formulas are repeated here:

If (', and @, are the capacitance and Q
of the @ cireuit at resonance with the
sample not connected. and €y and @, are
the capacitance and @ of the circuit
with the sample connected, then the @
of the insulating material 1s:

0. - (C, — CHQ:

CoQ — @
The power factor in per cent (for values

less than about 109 is:

1o 1000,(Q, —Q.)

Q. T ) QQ

(39

(+0)

Power Factor=

TRNIN)
LARGE CONDENSERS

6-A: Gemeral * A large condenser can be

measured by connecting it in series with

a coil and conneeting this combination
to the coil terminals of the ¢-Meter with

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

For this memsurement 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 (' and @ 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 @ cireuit 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 nsually he small and
even an inch or two of lead may cause a
serious error, It is generally desirable to
leave the condenser in the cireuit and
short it out at the condenser terminals
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CIRCUIT CONSTANTS OF

TYPE 160-A
R1  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
R8 Potentiometer. ... ... ... 200 ohms
RY9  Fixed resistor. ..... ... 25,000 ohms

R10 Fixed resistor (167) . . .
R11 Fixed resistor

25,000 ohms
100 meg.

R12, R12A Fixed resistor

Tumt). .............. .04 ohm
R13 Fixed resistor. . ... . ... 50,000 ohms
R14 Fixed resistor. ... .. .. .. 1.000 ohms
R15 Fixed resistor. ... .. ... .. .8 ohm
R16 Thermocouple calibrating resistor
R17 Fixed resistor. .. ... ... .. 100 ohms

C1  Osc. tuning condenser (small)

€2 Osc. tuning condenser (large)

(3  Fixed condenser. .. .. ... . 100 mmf,
C4  Fixed condenser. ... .. 3.000 mmf.
C5 Fixed condenser . ... ... 5,000 mmf,
C6  Q tuning condenser (main)

C7  Q tuning condenser (vernier)

8 Power filter condenser . . .8 mfd.
9 Fixed condenser. . .. 1 mfd.
L1 Oscillator grid coil

L2 Oscillator plate coil

L3 Oscillator coupling coil

L4 Power filter choke

1.5 Power transformer

T1  Mazda 41, 2.5 volts

T2 Oscillatortube. .. ... ... . .. .. 102-A
T3 Q voltmeter tube. ... ... .. 101-A
T4 Rectifier tube. .. . SW4
M1 Oscillator output voltmeter

M2 Q voltmeter

TC Thermocouple



F1G. 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 POSt-
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

INCE last December, a tremendons de

mand has sprung up for 2-way FM
emergeney equipment. What wasa normal
growth of police use for protective pur
poses suddenly expanded into a plan of
offensive action to meet and forestall the
developneent 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.

Al this need for radio  cquipment,
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 REL Victory model snd meth-

* Engincecing Department, Radio Engineering Lab-
oratories, Ine., Long Island City, N Y

BY LESLIE NOZDROVICZKY *

ods for it 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 cateh defective com-
ponents before they could be wired into
the chassis. and to simplify final inspee-
tion and adjustment.

The pre-fabricated units in this equip-
ment, some of which can be seen in Fig,
S, are:

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

<

2, Power amplifier driver transformer.

3. Resistor strips.

4. Meter jack assemblies,
3. Dyvnamotor filters and terminal boards

Cable harness.

In addition. all solid bus wires were
lud out to be eut and bent in advanee,
and all coll leads were cut to length
and stripped. ready for soldering.

Amiong the more important pre-assem
bly tests are:

1. Alignment of all low intermediate fre
quencey transformers to approximate
resonance.

2. Checking all other tuned cirenits for
frequeney range and effective Q.

3. Adjusting and locking the power am-
plifier neutralizing condensers at their
correet capacity.

4. Testing the dynamotors at their rated
load.

7



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
trunsmitter and receiver were  divided
into 10 stages or positions. Bach stage re-
qaires 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, cach man had hefore him
a chassis finished up to the point required
at his position.

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

Fig. 4 illustrates the fifth stage. Some
of the fimshed sets can be seen in the
background of this picture. The mnth
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 m’s-
takes are rarely found. for the men on
the production line have become highly

skilled.

However, to hring the errors to a stll
lower minimum, cach man cheeks the
work done at the preceding stage. Also, he
inspects every part and sub-assembly he
handles for mechanical defeets,

One man. trained to do every operation
required at cach stage. works outside the
production line, Heis able to step inat any
position in case one of the operators is
absent.

Another man supplies parts to the line,
removes finished sets. and keeps the sol
dering iron tips elean.

The production supervisor inspeets the
tools. and checks the sets on the line at
random intervals, so that the men know
that thetr work is subject to inspection at
all times.

Good light, the first requisite of favor-
able working conditions, is supplied by
flnorescent illumination. To relieve mo
notony. which can bhe so detrimental to
working cfficieney, musice 15 supphed by
high-fidelity FM reception. It is interest
ing to note that the men show a decided
preference for popular selections played
by well-known orehestras and for light
svmphonic music.

A bonus system was estabiished shortly
after production was started. This pro-
vides the advantages of piecework. with-

out attendant evils, Each man working on
the Vietory madel reecives a bonus every
pavday. The amount for each man s com-
puted from his salary and the number of
sets finished during the pay week.

Testing Methods « A« the scts reach the end
of the production line, the inspector
checks them  carefully for  mechanical
faults hefore they are moved on to final
testing

The 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 sereen grid wiring
which has not been put on.

L e ey
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FIG.5 THE9TH STAGE BRINGS THE SETS ALMOST TO COMPLETION. DESPITE COMPLICATED CIRCUITS, WIRING ERRORS AREVERY RARE

t. The low intermediate frequeney 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 s 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 &« I'he first tester. putting
the sets through stage one, inserts all the
tubes and the transmitter and receiving
eryvstals, and connects the metering equip-
ment. Current for the filaments and con
trol circuits is obtained from a storage
battery. High voltage is furmished by an
AC-operated DC power supply.

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

First, the tester tunes all cireuits not
previously adjusted to approximate reso-
nance by setting the slots of the trimmer
condensers at  their working  positions.
This 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 307 drive in the

transmitter. and enough  sensitivity in
the recciver to proceed with the alignment
from a frequeney standard.

The following circuits are metered at
the first test position:

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

2. Receiver first limiter grid eurrent.
3. Receiver detector current.

4. Transmitter oscillator plate current.

3. Transmitter power amplifier grid cur-
rent.

With the set aligned roughly, the fre-
quency standard is turned on. This radi-
ates enongh power at the working fre-
quency of the receiver to enable the tester
to adjust the diseriminator to zero de-
tector current. This fixes the resonant fre-
queney of the receiver within 1,000 eyeles,

The frequeney 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 frequencey is adjusted for zero detector
current. The low intermediate frequency
amplifiers are peaked acenrately.

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 « .\gain. primary power is
furnished by a storage battery and an AC-
oprrated DC supply. wired through a
control box. At this stage. meters are con
nected to the set to show:

1. Receiver first limiter grid current.

2. Receiver detector current.

3. Receiver audio output voltage.

('This is measured across the speaker voice
corl. The output meter aiso measures the
noise-suppressing ability of the set.)

4. Transmitter oscillator plate current.

5. Transmitter power amplifier gridd cur
rent, at no load.

In addition, by the use of a special re-
cetver, oscilloscope. and a heat frequeney
oseillator, the Armstrong phase-shift mod-
ulator in the transmitter is aligned.

The tester at the second position starts



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

out by conneeting a signal generator to
the antenna jack of the set, adjusts the
generator for zero detector enrrent. and
peaks the high-frequeney receiver circuits
acceurately,

He cheeks the receiver sensitivity and
noise suppression by noting the zero signa!
first limiter current. and noise voltage
across the speaker when 1 mivrovolt input
to the receiver. The T microvolt signal
level is established from a General Radio
type 804-B signal generator.

Audio output of the receiver is meas-
ured by applying a strong phase-modu-
late signal to the set. The frequency swing
corresponds to 1000, modulation of the
associated transmitter. The voltage meas-
ured across the receiver voice coil shows
if the andio output of the set is up to the
rated value. The final test is to cheek the
Armstrong  phase-shift  modulator. A
known voltage is applied to the modu-
lator, and a receiver whose audio output
is proportional to the frequeney 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 s adjusted to the proper wave shape,
as indicated on the oscilloscope. Both
wave shape and amplitunde must be cor-
rect in order for a set to pass this test,

Upon completion of these tests. both
the transmitter and receiver are known to
he working properly. except for the trans-
mitter RF power amplifier. At this point,
the dynamotors are connected to their
respective terminal boards, and the trans-
mitter power amplifier sereen 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 eireuits are
switched to the “receive™ position. The
following cireuits are metered.

1. Low-voltage dxnamotor current.

2. Thgh-voltage dynamotor current.

3. Receiver first limiter current.

t. Reccver detector current,

3. Reeeiver audio output,

6. Transmitter oscillator plate current.

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

8. High-voltage dyvnamotor output volt
age.

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

brated on the shake-table. No variation of
any of the readings is tolerated during the
vibration test, and during actual opera-
tion of the transmitter and receiver the
performance must be the same as if the
set were at rest. Furthermore, the eircuit
measurements must be the same as during
the second stage tests.

During this final cleck under vibra-
tion, which lasts about three minutes.
the set is operated from a 6-volt DC sup-
plv. 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
sceond and third test stages. Sets are rarely
rejected for wiring errors. The recurring
faults are chicfly:

1. Defective tubes.

2. Defective transmitter or receiver erys-
tals.

3. Defective dynamotors.,
+. Defective relays.

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

Abont onee in two weeks, a transmitter
or receiver turns up that refuses to behave
properiy. These are given special atten-
tion by our engincering department. In
every case so far. defective operation was
raused by such simple faults as poor con-
nections to the tube sockets, high re-
sistanee ground. or a coil opened up under
vibration or mechameal strain.

For all tests, ciose limits of minimum
perfarmance 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 hine.

Rate of Production » Irrcgularitics 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 s
estimated, however, that we shall he able
to double this rate of production as time
goes on,

Eoronr's Noric: !
of the REL single-wunit emergeney equipnent were

hee n the { . , 1052, issues

Complete  dat 1l eircu

FABRICATING MYCALEX

Mycalex is a non-rritical material which ean
be substituted for ceramics in a very large num-
her of applications. Although Myealex i3 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 RF insulation. A
comprehensive article on cutting, drilling, ma-
chining, and engraving Myecalex is now in prep-
aration, and will appear in an carly issue of
Rapio-ELECTRONIC KNGINEERING,

11
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SPOT NEWS

“FM”; will probably be the nickname of
Frank Madden Guather, born June 16th.
His father is Frank . Gunther. viee
president in - charge of engineering  at
REL. and squadron leader in the Civil
Air Patrol. Mrs, Gunther is also a CAP
pilot. and both have commercial flying
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 Navy as radio
school barracks.

Expansion; Benwood-Linze Company, of
St. Louis, engineers and manufacturers of
rectifiers and associated equipment. have
bought the Fore Eleetrie Company., in-
cluding their equipment. inventory, as-
sets, and name. Fore Eleetrie, founded in
1917, produced battery chargers, mag-
netizers. transformers, and electrie meters.
Albert Wehmeier, Fore president. will re-
tire. Benwood-Linze will continue to pro-
duce replacement
parts.

Fore produets and

Benay Venuta: Is more succinet than Chair-
man Fly. In By Jupiter.” starring as
Queen of the Amazons, she eries out at her
opposition:  Your attitude stinks.”

Soldering lrons: Complete series for all kinds
of radio production work is shown in new
catalog from Hexacon Eleetrie Company.

Roselle Park, N. I,

Television: Construction permit has been
issied to Baluban & Katz for a new com-
mercial station on channel 8 (66 to 72 me.)
to be completed August 15, 1942,

David Grimes: Veteran of World War 1.
radio pioneer, and  chief  engineer  at
Philco since 1939 has been elected a viee-
president of the Philco Corporation.

Concentric Cable: Now approved for war
ecquipment, Copolene  cable is demon-
strating advantages over stranded-wire-
and-bead construction, chiefly beeause it
uses a4 continuous tube of insulation which
does not introduce increase of eleetrical
loss, It is manufactured by Amphenol and
Simplex Wire,

New FM Station: W49BN, Rochester. N. 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 WH9BN,| since it is 120
miles from Alpine and the same distance
from W31R. at Rochester, N. Y.

NOTES

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 bhe
for quite a long time
to come.

\(} e

James Lawrence Fly: I1is 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. 19349, to
finish the uncompleted term of Frank R.
McNineh, who retired beeause of illuess,

Ignition Noise Suppression: A rmy's problem of
suppressing ignition interference  may
lead to compulsory suppressor eguipment
on all cars after the War. Delmar G. Roos,
chief engineer of Willys-Overland, direet-
ing interference research project in coip-
eration with the Signal Corps. announces
that standard deviees have now been
developed for all motorized units, Test
hooths now in use make it possible to in-
stall and check suppressor equipment in 3
minutes.

Microphones: Of all types for communica-
tions and broadeast 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
recording 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. and to give his
present address, as well as any subsequent
change of address within five days.

Inthe Armed Forces: Check-up shows that 894
men and one woman have left NBC and
85 outlets to go into the Service. From
NBC headqguarters alone, 226 employees
have gone sinee 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.

Items and comments, personal and other-
wise, about manufacturing, broadcasting,
communications, and television activities

Suspicion Confirmed: Ever since the advent
of all-wave receivers, short-wave tuning
has been an important point-of-sale factor
in broadeast sets. Unknown factor was
actual use of the short-wave bands by
radio histeners in the USAL An investiga-
tion made recently shows that. while one-
third of sets in use can tune in foreign
broadeasts, less than one per cent of listen-
ers ever histen on the short-wave bands.
Maost of these are probably  foreign
language speaking residents in the USA
who prefer to hear their native tongues.

Harry Houck: Now vice president and general
manager of Measurements Corporation,
Booton. N J.

Spokane: Morris H.
Willis, president of
Spokane Radio
Company. Inc.. cele
brated the 15th an.
niversary of his con.
cern by holding open
at the new
quarters on  West
Spragne Street where
his jobbing and manufacturing activities
are combined under one roof. This com.
pany. serving broadeast stations, Govern-
ment agencies and industrial laboratories
from California to Alaska, has now spread
ont into the electronice fickl to a consider-
able extent.

house

Dynamotors: Among the additions to the
Radio-Electronic Products Directory in
this issue is a complete list of companies
manufacturing  dynamotors for mobile
and 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 W43, reports that on June 10th he
logged FM stations on 19 channels, in-
cluding New York and New England
transmitters, between 7:00 e and 8:45
e On that day, W47NV came in stead-
ily from noon until evening. His station
wits snowed under with calls from loeal
listeners who wanted to know why they
were hearing stationsoutside the local area.

Tube Data: A very comprehensive technical
manual on radio receiving tubes has heen
issned by General Eleetrie Company. and
is now available through the Renewal
Tube Sales Section at Bridgeport. Conn.
Twenty-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 scems bewildering,
but the arrangement is clear and casy to
understand.
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Menin Training: In cities and towns through-
out the nation, more and more radio and

-

2 s

service shops are displaying signs which
read: “Closed for Duration of War.”
Still. if every radio dealer, servieeman. and
amateur volunteered and was accepted,
the needs of our Armed Forces would not
bhe met entirely.

Our Army. Navy, Marine Corps, Coast
Guard, and Merchant Marine are operal-
ing splendid radio schools, staffed hy able

-
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PHOTY BY U, 8. ARMY SIGNAL CORPS

structors. This traming will be of great
advantage and will lend much prestige
when peace comes, for the men who take
advantage of this opportumity 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 U. S. Signal
Corps Radio Schools.
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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  Measurements, and
Details of the Types 160-A and 170-A Q Meters*

SMALL CONDENSERS

4-A: General » Mecasurements of the capaci-
tance and @, or power factor, of small
condensers can be made with the @-Meter
if the capacitance of the test condenser
is within the A €' range of the @ tuning
condenser of the @-Meter. The accuracy
with which such measurements can be
made is dependent on the capacitance,
inductance, and @ 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
measurements 1s within + 10, Under
certain conditions greater accuracies can
be obtained. In the higher frequency re-
gion (above 3040 me. with the type
160-A) the accuracy of the § and ¢
measurement will decrease.

Above a few megacyeles, the indue-
tance and resistance of leads eonnecting
the condenser posts of the @-Meter and
the test condenser proper become in-

creasingly  important  and  accordingly
should he made of short, wide conducting
strip.

If the capacitance of the condenser is
small, i.e.. a few micro-microfarads, the
capacitance of the lkads may become
comparable to that of the test condenser,
and may require correction.

P .

Fhe internal inductance of condensers

* Part 1 of this article appeared in Raoio-ErLkc-
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 frequencey. This
is indicated by an increase in the apparent
capacitance of the condenser. A 1,000
uuf condenser will resonate at 50 me. with
an inductance of .01 ghy, a 100 guf con-
denser will resonate at 160 me. with .01
phy. The increase in apparent capacitance
of the condenser will be evident at fre-
quencies considerably below the resonant
frequency,

The accuracy of measuring the @ of a
component such as a condenser when it is
connected in parallel with the @ circuit
1s also related to its effect on the @ of the
Q circuit. A consideration of the equations
from which the @ or resistance of the
component is calculated indicates that
the accuracy of this measurement will
increase as the A Q@ (e, @ — Q) 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 and 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 dielectrie are the exception and
the measuring technique must be modi-
fied to fit the conditions. With such con-
densers, the ('; setting of the @ condenser

should be inereased until the @, value can
be read aceurately.

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

2, Set the @ tuning condenser to some
convenient  low  capacitance  value,
such as 30 guf. Record this as Oy,

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

+. Adjust  the oscillator  frequency  to
resonate the @ circuit. Fine adjust-
ment may be made with the vernier
Q@ condenser, changing this by perhaps
a few tenths of a micro-microfarad.
Record the circuit @ reading as Q..
Remove the test condenser.
Retune the @ circuit, noting the cir-
cuit @ at resonance. Record the
condenser setting as ('; and the cir-
cuit @ 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.

f=

~3

4-B; Capacitance » ‘I'he capacitance of the
test condenser is:
Cpo =0 —C, (26b)

The value of (', thus obtained is the
effective parallel capacitance of the test
condenser. The difference between this
value and effective series eapacitance is
negligible for condensers having a @
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 @ 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
simultancously with the capacitance meas-
urement, as indicated by the drop in @
of the @ 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 cali-
brated standard precision condenser in
conjunction with the @-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,
sinee the accuraey of setting 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 deseribed above in seetion 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 preeautions should be taken:

The length of leads required to connect
a large condenser to the @-Meter, to-
gether with the internal inductance of
such a condenser, limit the maximum
frequeney of accurate measurement  to
the region of 300 ke, It is advisable to set
the frequeney of measurement in the
neighborhood of 200 ke, to permit using
leads up to about a foot in length. This
frequeney 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 cireuit capacitance, especially
when measuring small capacitances. Con-
nections to the test condenser should he
made at the condenser terminals to ex-
clude lead eapacitances from the measure-
ment. The test condenser should be con-
nected direetly to the standard condenser.

4-D: Power Factor and Q » The power factor,
Q. and resistance of small condensers hav-
ing Qs of less than about 2,000 to 6,000
(power factors greater than about 0L015
to 0,05 per cent) can be measured with
the Q-Meter.

The maximum @ that can be measured
depends on the eapacitance of the test
condenser and the @ of the @ circuit. The
measurement  of ) requires measuring
the drop i @ of the @ circuit when the
condenser is conneeted across the cirenit
and this decrease in @ becomes smaller
as the Q of the test condenser becomes
large compared to the @ of the @ cireuit
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 @ of
the @ circuit and therefore its @ or re-
sistance cannot be measured.

In general, the @ of commonly used
mica or other solid dielectric condensers,
air dieleetrie condensers with poor insula-
tion, ete., may be measured. However,
good air diclectric  condensers  usually
have a @ too high to be measured.

The general precautions deseribed in
sections 4-A and 4-B should be observed
in measuring power factor or Q. The @
of the test condenser, Q. is
0. = (€0 — (') Q.Q:

T O — Qo
The power factor of the test condenser

in per cent (for values less than about
109) is:

(39)

ey hoe 100 |()()('|((}.—(1._._)
Power Factor 0. = 0.0- +0)
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 deseribed in the
preceding section 4-D, i.e.. obtaining the
values of @ eircuit tuning capacitance and
Q. €, and Q. without the test condenser
connected, and C; and @, with the test
condenser connected and the frequeney
of measurement. f.

The effective parallel resistance, R, of
the test condenser is:

p o 139 X100 Qs
’ fC (Q— @)

This formula is aceurate for condensers
or impedances having any Q.

The effective series resistance, K, for
condensers having a @ of more than about
10 1s:

(23h)

LAY X0 (0 — Q)
T = Qs

The effective series or parallel resist-
ance of condensers or impedances having
a @ of 10 or less may be determined by
the method deseribed in section 1, Part 1.

If the effective series capacitance, (',
and the Q. Q.. of the test condenser are
known the effective

R.. is:

R,

(27h)

series  resistance,

1.59 X 10%
1C. Q.

R, = (41)

TYPE 170-A BOONTON METER MEASURES

INSULATING MATERIALS

5-A: General % The fundamental properties
of interest in connection with insulating
materials are the dielectric constant ¢
and the losses as expressed by @ or power
factor. These quantities may be deter-
mined for most insulating materials by
making a condenser out of a sample of
the material and measuring this con-
denser as deseribed in the preceding see-
tion 4,

Thin sheets of isulating 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 baving 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 clectrodes can bhe 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
cleetrodes to the @-Meter.

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

In any case. in order to reduce edge
effects, the area of the active dicleetrie
between the electrodes should be large
compared to the thickness of the dielec-
tric. The sample condenser should be

Q OF 80 TO 1,200 AT 30 MC. TO 200 MC.

13
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dimensioned so that its capacitance does
not exceed the A € available in the
tuning condenser,

3-B: Dielectric Constant « 'I'o determine the
dielectric constant, e of a sample of in-
sulating material: Prepare it as deseribed
above. and measure its capacitance ac-
cording to the method given in section
+-B. and call this value . Measure the
arca of the active dielectrie contained
hetween the eleetrodes ealling this value
Noand measure the average thickness of
the active dicleetric calling this value 1,
When €' is in micro-microfarads and N
and 7 are in inches, the dieleetrie con-
stant is:

+.45 ('t

D
N <

€

When 8 and ¢ are measured in centi-
meters, the dieleetrie constant is:
L3 (1
N

5-C: Power Factor and Q « T'o determine the

(43)

€

power factor or @ of a sample of insulat-
ing material. the sample should be pre-
pared as deseribed  above. and  then
measured as a small condenser as de-
seribed in seetion $-D. For convenience,
the formulas are repeated here:

If €, and @, are the capacitance and
of the @ circuit at resonance with the
sample not connected, and €, and . are
the capacitance and @ of the cirenit
with the sample connected, then the @
of the insulating material is:

o = (=04

(39)
The power factor in per cent (for values
less than about 10€,) is:
100 100, (Q, — Q)
Q-
0. (=) Q-

Power Factor=

LARGE CONDENSERS

6-A: Genmeral # A large condenser can be
measared by conneeting it in series with
a coil and conneeting this combination
to the coil terminals of the @-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 frequeney 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 € and @ 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 @ ¢ireult 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
mcliding as hittle inductanee 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 ecircuit and
short it out at the condenser terminals

e
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CIRCUIT CONSTANTS OF R12, Rl(*f.\ l'jiﬁml resistor o ol E't: :"fn\'clr ﬁltvlr condenser. ... .. .8 m::<:.
umt). ..o 04 ohm * “ixed condenser. .. 1 mfd.
TYPE 160-A R13 Fixed resistor. ... .. .. 30,000 ohms LT Oscillator grid coil
Rl Fixed resistor. .. ... ... 1.000 ohms  R14 Fixed resistor. ... ... .. 1.000 ohms 1.2 Oscillator plate coil
R2  Fixed resistor .. ... .., 200 ohms  R15 Fixed resistor. . . . . -8 ohm L3 Oscillator coupling coil
R3  Fixed resistor. ... .. ... 40.000 ohms  R16 Thermocouple calibrating resistor L.+  Power filter choke
R4 Fixed resistor. ... .. .. .. 3,000 ohms  R17 Fixed resistor. ..., ... 100 ohms L5 Power transformer
R5  Fixed resistor. ... ... 750 ohms  C1  Osc. tuning condenser (small) T1  Mazda 41, 2.5 volts
R6 Fixed resistor. .. ... 200 ohms (2 Osc. tuning condenser (large) T2 Oscillatortube. ... ... .. .. 102-A
R7 Potentiometer ....8.000 ohms (€8 Fixed condenser. ... ... .. 100 mmf. T3 Q voltmeter tube . . .. 101-A
R8 Potentiometer. ... ... ... 200 ohms  C4  Fixed condenser. . .. .. 8.000 mmf. T4 Rectifier tube. ... . ... ... 5W4
R9  Fixed resistor. .. ... ... 25.000 ohms €5 Fixed condenser .. ... .. 5,000 mmf. M1 Oscillator output voltmeter
R10 Fixed resistor (19) ... .25.000 ohms  C6  Q tuning condenser (main) M2 Q voltmeter
R11 Fixed resistor. ... ... ... 100 meg. €7 Q tuning condenser (vernier) 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.

6-B: Capacitance and Inductance * The effec-
tive capacitance of condensers up  to
about 0.1 or 0.2 u4f 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 series with the low potential
side of the coil. Small changes in tuning
capacitance may be read on the vernier
condenser dial. The two readings  of
tuning capacitance of the @ ¢ircuit should
be recorded.

Let € represent the tuning capacitance
setting without the test condenser, and
(', the tuning capacitance with the test
condenser conmected in series with the
coil. Then the effective series capacitance,

.. of the test condenser is:
.0,

¢, =
(Cy — ()

(26a)
If €, is larger than .. the effective
reactance of the test condenser is in-
ductive and its effective series inductance,
L. is
- 253 X 1010 (') (")
S €,
or if the effective inductance. L. of the
coil used in the @ ¢ircuit is known, the
effective mductance, .. of the
test condenser is:

b (R5a)

Series

() — )
L.=1L, ’(,M

(44)

At the resonant frequeney of the con-
denser ('), = €, and the condenser is
effectively a non-reactive resistance. The
effective resistance can be determined as
deseribed helow,

6-C: Resistance, Power Factor and Q » The of-
fective resistance, power factor and @ of a
limited range of large condensers can be
measured with the Q-Meter by connect-
mg the condensers in series in the @
circuit when such condensers have losses
great enongh to lower the @ of the @ cir-
cuit appreciably. For example, the @ of a
test condenser having a capacitance of
about 400 yuf may he measured when the
@} of the test condenser is less than about
2,000, If the test condenser capacitance is
abont 000 guf, its @ may be measured
when it is not over about 300, and for
larger condensers the maximum @ that
can be measured is correspondingly fower.

The @ of the test condenser, QL is:

0. = (C; — C) QQ,
: Q0 — Q.

The power factor of the test condenser
i per cent for values less than about 10
per cent s the reciprocal of @ times 100,
or:

(22a)
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CIRCUIT CONSTANTS OF
TYPE 170-A

R1  Fixed resistor, 2 watts. . 5,000 ohms
R2  Fixed resistor, 19 watt. . 1,000 ohms
R3  Fixed resistor, 1y watt. . 1,000 ohms
R4 Fixed resistor, Y9 watt. . 1,000 ohms
R5  Fixed resistor, Ly watt. ... ... 3 meg.
R6  Potentiometer. 3 watts. 7.500 ohms
R7  Potentiometer, 3 watts. . 200 ohms
R8 [Potentiometer, 3 watts. 1,000 ohms
RY  Potentiometer, 50 watts 8.000 ohms
R10 Potentiometer, 3 watts . . 200 ohms
R11 Fixed resistor. Y9 watt . 25.000 ohms
R12 Fixed resistor, 19 watt . 25,000 ohms
R13 Fixed resistor, 19 watt 25,000 ohms

Fixed resistor, 10 watts. 40,000 ohms

R15 Fixed resistor, Y9 watt . . 1.200 ohms
R16 Fixed resistor, 10 watts 15,000 ohms
R17 Fixed resistor, 10 watts. 1,300 ohms
R18 Fixed resistor, 2 watts. .. ... .8 ohm
C1  Fixed mica condenser. .. .. 250 mnf.
C2  Fixed mica condenser. . .. 230 mmf.
C3  Fixed miea condenser. . . 1,000 mmf.
C+  Fixed mica condenser. . . 1,000 mmf,
C5  Fixed mica condenser. . ... 250 mmf.
C6  Fixed mica condenser. ... 250 minf.

7 Fixed mica condenser. . . .. 500 mmf,
C8 Fixed mica condenser. .. .. 300 mmf.
C9  Fixed mica condenser. . . .. 250 mmf.

C10 Q tuning condenser

C11, C12, C13 Eleetrolytie, cach
seetion, ...
C14 Oscillator tuning condenser

-4 mfd.

T1  Oseillator tube (calibrated) HY-615
T2 Q unit tube (calibrated) . ... .. .. 935
T3 Qunit tube (calibrated) . .. ... .. 955
T4  Voltage regulator tube.  VR-105 30
T5 Voltage regulator tube. . VR-1035 30
T6 Rectifier tube. ... ... .. Wi
T7 Mazda 46, 6 volts

1.1 Oscillator grid coil

1.2 Oscillator coupling coil

L3 Oscillator plate coil

1.4 Power filter choke

L5 Tower transformer

17



18

Power Factor =
100100 (W@ — CQ:)
Q (=) QE:
The effective series resistance, R,. of
the test condenseris:

(+3)

. G
1.59 X 108 (C, O — Q,) (28a)
fe Q,

6-D: Impedance & T'o determine the impe-
dance of a large condenser, first measure
its effective series resistance, R, as de-
scribed in the preceding section 6-C. Then
calculate the effective series reactance,
.. of the test condenser from the values
of (', (5, and f obtained in the resistance
measurement, as follows:
_ 159 X108 (¢, — ()
B f A
If the reactance of the condenser is in-
ductive use (' — 'z in place of Cy — C,.
If the effective series capacitance, (', or
inductance, L,. of the test condenser has
already been determined. its reactance
can be caleulated by means of one of the
following formulas:

1.39 X 108
R 16
1c, (46)

X, =6.28 X 107 fL, (47)

The impedance, Z., of the test con-
denser may then be calculated from the
values of resistance, R,. and reactance
X.. just determined as follows:

Zz = \/I{.2 + A\'s2

R, =

A (24a)

X, =

(48)

6-E: Bypass Condensers » Bypass condensers
having capacitances not too high can be
measured according to the preceding sec-
tions 6-\ to 6-D. In many cases, however,
it may be unnccessary 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 @
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 @ 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 @ 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
shows directly the lossing effect of the
bypass condenser on the circuit.

The same general precautions for meas-
uring large condensers deseribed in the
preceding sections 6-\ and 6-B should be
observed.

RESISTORS

1-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 @-Meter at frequencies up to about
80-40 mc. by connecting the resistors in
series or parallel with the @ circuit of the
@-Meter. 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 ke., a resonant
circuit having a @ of about 200 and C of
about 100 wuf, has a series resistance of
about 8 ohms, and an anti-resonant resist-
ance of about 360,000 ohms. Using this cir-
cuit, resistors connected in series with the
tuned circuit having values from about 1
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 eircuit would have
1/10 these values of resistance and 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:

1-B: Low Resistance in Series with Q Cir-
clit # 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 @ range
meter, and resonate the @ circuit by
means of the @ tuning condenser. Call the
condenser setting C; and the circuit @,
indicated on the @ voltmeter, Q.. Call the
oscillator frequency f.

Connect the resistor to be measured in
series with the coil in the @ circuit at the
low potential coil terminal, and re-reso-
nate the @ circuit, calling the new @ read-
ing @; and the condenser reading (.

The effective series resistance. R,. of
the resistor is:

1.59 X 108 (Q 0 — Q._,)
¢,
fC, Q-

If () is greater than . the effective
reactance of the resistor is inductive and
its effective series inductance, L, is:

R, = (23a)

I“ - 2..)-; X 100 ((1 _— ( -_v) (‘2.'){1)
f .,
or if the inductance. L. of the coil used
in the @ circuit is known, the effective
series inductance of the resistor may be
calculated from:

L= L, (‘—_—()

If (. is greater than (), the effective

(49)

reactance of the resistor is capacitive and

its effective series capacitance, (', is:
.0,

(C: -- (7))

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 @ of the resistor,
Q:. may be calculated from:

(Ci = C2) Qi)
Cx(‘)l - (".‘(1:

C, = (26a)

Q: = (22a)
and the effective series resistance and
-apacitance  calculated  from  formulas
(23a) and (26a) above, and these values
used in formulas (18b) and (21b), Part 1,
to determine the effective parallel re-
sistance, R,. and capacitance. ,. 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 @ circuit, except that the re-
sistor being measured should be con-
nected to the condenser terminals of the
Q-Meter instead of in series with the coil.

If @, and C, are the @ and condenser
readings at resonance without the re-
sistor, and @, and (s the readings with the
resistor connected across the @ circuit,
the effective parallel resistance, R, of the
resistor is:

g = 139 X 10°QQ;

PO (@ — @)

If the reactance of the resistor is capaci-
tive, ('; will be larger than ', and the
effective parallel capacitance, ('p, of the
resistor is:

(23b)

C,=0 -0 (26h)

If 'y is larger than (') the reactance is
inductive and the effective parallel in-
ductance., L,, may be caleulated from:

238 X 1o
=)

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 (23h). (25h). and
(26b) above.

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

L, (23h)

(CONTINUED ON PAGE 30)



SPECIAL SERVICE 2-WAY FM UNIT

1S PROTECTED FROM DUST AND DAMPNESS

FM FOR NEW SERVICES

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

NE after another come new uses for

2-way FM communication. In many
instances, types of equipment already in
production can be used, but others require
new designs or speeial 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 hoats or large vessels, or
in airplanes, if necessary.

Such a unit, ustrated in the accom-
panying photographs, is now being pro-
duced by FM Link. Exeept 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 tixture on the side of the
metal case.

The case measures 20 ins. long, 16
ins. wide, and stands 815 ins. high. Heavy
handles are provided at the ends. The
weight is approximately 100 ths,

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 rnight, close 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 elipped
inside the cover. During operation, the
handset can be plugged m at the front,
and the cover put in place so as to proteet
the equipment from dust or dampness.
It i3 not necessary to raise the cover
while the unit is in use.

*F. M. Link, 125 W. 17th 8t., New York City.

If a fixed antenna is available, its use is
generally recommended instead of the
vertical rod, if extra transmitting range
is required. .\ concentric connector is
located dircetly below the antenna rod
mounting.

The conreetor 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 G-volt leads, in
order to handle the current drawn during
transmission.

The transmit-receive switeh is relay-
operated, controlled by a button on the
handset.

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 28 amperes at
138 watts, or 30 amperes at 180 watts for
the 85-watl transmitter.

Tubes in the receiver are:

GACT or 65H7 RF amplifier

6K8 Ist detector

6V Crystal oscillator, multi-
plier

IF amplifier

2nd  detector, crystal os.
cillator

Ist limiter

6SH7 or 685GT
6K8

657 or 6ACT

6ACT 2nd limiter

6l16 Diseriminator

6H6 AVC, squeleh filter
651L7GT 1st audio squelch
G6K6GT Audio output

Tubes in the 25- and 83-watt trans-

mitters are:

7CT  Crystal oscillator

2-7A8  Balanced modulators
17 5
7C7T  Ist Frequeney quadrupler
707 2nd Frequeney quadrupler
7C5  Frequeney doubler
807 Power amplifier

Crystal control is provided for both
the transmitter and receiver. The nominal
operating frequeney is within the 80-40
me. band. Since this equipment is in-
tended for speech only, the frequeney
deviation is 15 ke., and the audio range
is 300-3,000 cyeles with high-frequeney
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
vilues given above are nominal ratings.
Actual output of the two transmitters are

(CONTINUED ON PAGE 27)

VIBRATOR POWER SUPPLY FOR RECEIVER AND TRANSMITTER DYNAMOTOR ARE BUILT IN l 9
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VACUUM TUBE REVIEW

1635

Class B

Twin Amplifier
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BOTTOM OF SOCKET

1635 is & class B twin amplifier of G'I" 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, Le.. one for use on sustained
signals, and the other on variable signals
only. In applications involving sustained
signals. the 1635 is operated with not

1642

Twin Triode

Amplifier

1. Heoter
2. Cathode, T
3. Plate, T
4, Grid, T
5. Plate, T
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7. Heater
Cap Grid, T:
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9JP1/1809P1

High Vacuum
Cathode Ray Tube

9JP1/1808-P1 is a high-vacuum cathode-ray
tube having a viewing sereen 9 ins. in di-
ameter. The tube uses a combination of
magnetic and electrostatic fields for de-
flection of the electron beam. It features
short overall length and elose-spaced elec-
trostatic electrodes to provide good de-

more than 300 volts on the plate. At that
voltage, it can handle a power output
of about 10 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 abont 17 watts,

6.3 volts
0.6 amps.

Heater voltage. AC or DC
Heater current
Plate volts!

400 max.? 400 max.? volts
Peak plate current per plate
90 max. 90 max. milamp.
Average plate dissipation per plate
3 max. 4.5 max.  walts
Following values are for the two units,
unless otherwise specified

Plate supply impedance
0 10007 0 ohms
Effective grid cireuit impedance per unit

0 516 0 ohms
Plate voltage 300 300 400 volts
DC grid voltage

0 0 0 volts
Peak AF grid-to-grid voltage

70108 76 volts

1642 i~ a multi-unit tube containing in
one envelope two medium-mn triodes
with a mu of 104, Fach triode unit has
separate terminals for all electrodes exeept
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: !

Triode 1 Triode 'l

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 — cach unit *
250 max. volts

2.1 max. watts

Plate voltage.
Plate dissipation.

Hection sensitivity, With this close spac-
ing, the maximum spot travel caused by
these electrodes is approximately 2 ins,
The 9JP1 1809 1’1 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 clectrode (grid), the first anode, and
the second anode constitute an clectron
gun for projecting a beam of eclectrons
upon the fluorescent sereen. The resultant
luminous spot can be regulated as to spot
size and intensity by suitable choice of
electrode voltages.

In future issues, the Vacuum Tube Review
will carry a Reference Index of tubes listed

previously in FM Radio-Electronic Engineering

Zero-signal DC plate current

6.6 6.6 10 milamp.
Maximume-signal DC plate current

54 5+ 63 milamp.
Peak grid current per unit

48 39 41 milamp.
Eff. load resistance plate to plate

12000 12000 14000 ohms

Total distortion 4 ) — G
Maximum signal power output

0.4 10.4 17 watts

3 5 16 s,
234 Ins,

Maximum overall length
Maximum seated height

Maximum diameter 1 5 16 s,
Bulb -9
Base Intermediate shell octal 8-pin

Mounting position Any

1 Maximum ratings ave based on a line voltage e
sign center of 117 valts,

2 For sustained signal operatior
key-down aperation

For other thun sustained operation as, for example
on broadeast operatzon.

4 Practical design value,

5 At 400 eyeles for elass B stage in which the effec
tive resistanece per grid cireuit 1= 300 ohms, and the
leakage reactance of the coupling transformer ix
50 millihenries, The driver stage should be capable of
supplying the grids ¢f the elass B stage with the speci-
fied values at low distortion,

¢ [ncludes peak voltage drop through the grid cireuit
impedance.

as, for example, on

Class A, amplifier characteristios:

250 volts
16.5 volts
10,4

7600 ohms
1375 micromhos
8.3 milamp.

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

Maximum overall length.. .+ 17 82 ins.

Maximum scaterd height 3 29 32 ins.
Maximum diameter. . 1 9 16 ins.
Bulb. . .. ST-12
Cap Small metal

Base. . Small shell 7-pin Micanol
Mounting position Any

With no external shield.
2 Maximum ratings are based on a line voltage
design center of 117 volts,

Deflection of the elecetron heam is ordi-
narily accomplished by the use of an elee-
tromagnetic field and an clectrostatic
ficld. The eleetromagnetic field is usually
placed so that its axis coineides with that
of the electrostatie 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 9IP1/1809--11 is recommended for
use in oscillographic applications where
the inertialess characteristic of the clec-
tron beam, the provision for two methods
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of beam control, the brilliant image, and
the short overall length all contribute to
the general utility of this type.

CHARACTERISTICS AND RATINGS

Heater voltage, AC or DC ..
Heater current. ... 2.1 amp.
Focusing method | leetrostatic
Defleetion method Magnetic and Electro-
static: Electrode 1DJ,) is on same side of
tube as base pin 2,
Electrode DJ
as base pin 6,

2.5 volts

is on same side of tube

Phosphor. ... No.l
Fluorescenee . . ... . ... Green
PPersistence Medium

Direet interclec trmlv apacitances:
Control electrode to all other electrodes
8 mmf.
Deflecting electrode DJ, to D, 1 mmf.
Either DJ, or DI, to all other elee-
trodes . . 3.6 manf.
Cathode to all other electrodes. .8 mmf.
Overall length 5 11163 ¢ ins,
Greatest bulb diam.. .. ... 943 ins.
Minimum diam of sereen. .. 8 inx.
Bulb side terminals. .. Snap connectors
Base. ... Small wafer octal 8-pin, sleeve
Deflection yoke:
Position on tube neck: Lip flush with
bulb reference line (see drawing)
Working length for 3537 angle deflection
2 ins. max.

MAXIMUM RATINGS AND TYPICAL OPER-
ATING CONDITIONS'!
Anode No. 2 (high voltage electrode)
S000 max. volts
Anode No. 1 (focusing eleetrode)
2000 max. volts
Grid (control electrode) . Never positive
Peak voltage between No. 2 and either de-
flecting electrode. . ... 3000 max. volts
DC heater to cathode. .. 125 max. volts
Grid cireuit resistance 1.5 max. meg.
I'vpical operation:
Anode No. 22 2500 5000 volts
Anode No. 1 for foens at 759 of grid
voltage for entoffs, 785 1570 volts
Grid voltage for entoff?
— 43 =90 volts
DJ, & DI,
JA36 mm v DC
Deflection factor, DI, & D,
9. 187 v.

Deflection sensitivity,
272

DCin

M Maximum ratings are based on a line voltage de-
~ign center of 117 volts
Hrilliance and definition {ecrease with decreasing
voltage on anode No, 2. b general, anode No 2 voltage
~hould not be less than 2500 v olts,

INSTALLATION

The base pins of the 9JP1 fit 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 bafHes
hetween 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 cffect of
extrancous fields on tube operation. care
should bhe 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 eirenit design is such as to cause a
high voltage between the heater winding
and ground, the heater transformer should
be adequately insulated to withstand the
high voltage.

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

3 Rupply should be adjustable to 2201 of this value.

4 Cutoff is visual extinetion of a stationary foensed
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 he 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 mfd. condenser will ordinarily pro-
vide sufficient filtering. If this is inade-
quate, a two-section filter is recommended.

Two electrodes, located in the bulb
neck, provide for electrostatic deflection
of the eleetron 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
clectrostatic field. The DC potential of
cach defleeting eleetrode must be main-
tained essentially equivalent to that of
anode No. 2 in order to avoid building a
charge on the deflecting eleetrodes, A
charge on the deflecting eleetrodes causes
a permanent defleetion of the beam. The
DC potential of the deflecting electrodes
may be kept essentially the same as that
of anode No. 2 hy connecting resistors
having values not greater than 10 meg-
ohms between cach deflecting clectrode
and anode No. 2. This arrangement by
suitable choice of resistor values mini-
mizes pattern distortion and pattern drift
resulting from unbalanced potentials on
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“JIMMY’ DOOLITTLE’S WIRE TO G-E RADIO EMPLOYEES TELLS YOU
WHAT HAPPENED. READ IT-IT'S A HONEY!

“Now it can be told officially: Radios you helped to build aided us
to bomb Tokyo and half a dozen other Japanese cities. Through
those radios we issued commands between planes that sent onr
bombers on their marks; through those radios we cheered each other
on, as our bombs crashed into vital Japanese naval and military in-
stallations. Perbaps best of all, through those radios we heard the
bysterical 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-
scarch. And electronic tubes
probably helped to build those

very bombers themselves!

GENERAL () ELECTRIC




There's u G-E Tube for Every Llectronic Deuvice.
Over 550 Tube Types in the G-L Llectironic Tube Line.

UT OF the first world war—and G-E electronic re-
scarch—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 discovcring
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 tubes,
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 clevators, count auto-
mobiles—not some place else but right in your city—yvour
neighborhood. The radio service man of today will become
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 clectronics.” Every
Tuesday, Thursday and Satur-
day. Columbia and American
FM Networks. See vour news-

paper for time and station. FRAZIER HUT

WORLD LEADER IN

RADIO, TELEVISION AND ELECTRONIC RESEARCH

VR
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TYPICAL OSCILLOGRAPH CIRCUIT
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C = FILTER CONDENSER, 0.5 to 2 uf

Cl = ISOLATING CONDENSERS, SEE NOTE BELOW

Rl Rz = 0.4 MEGOHM

03 =%1.2 MEGOHMS

Rn = 0.5 MEGOHNM POTENTIOMETER

RS = 0.5 MEGOHM

96 = 0.15 MEGOHM POTENTIOMETE:

R; = 1.5 MEGOHM (EACH SECT10N) DUAL POTENTIOMETER FOR
BEAM CENTERING

Rs = POTENTIAL EQUALIZING RESISTORS,

SEE NOTE

Note: When the cathode or the negative end of the
cathode-ray high-voltage supply is grounded, blocking

condensers Cyshould have a high voltage rating. When

anode No. 2 is grounded, condensers (p may be low-

voltage condensers,

For DC amplitier serviee, the deflecting eleetrodes
should be coupled direct 1o the output of the amplifier
by omitting the blocking condensers. In addition, it

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
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
centering of the beam.

A second method for defleeting the
beam is provided by an electromagnetic
svstem 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
neek elose to the bulb flare, should be
designed so that the deflection of the
heam 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 35° to cover the
entire screen width, Although this tube
requires but one pair of coils, one pair
may be used in conjunction with the
clectrostatic electrodes of the tube, or
both pairs of coils may be used to obtain
full magnetic defleetion. In the latter

-ase, the electrostatic eleetrodes may also
Iw used to introduce an additional voltage
for deflection of the beam. The yoke

resistor

will usually be prefernble to remove the associated
deflecting eleetrode resistor in order to minimize the
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 cireuit
s<uch that the potential difference between anode
No. 2 und the average voltage across the deflecting
electrodes will be as low as possible,

should be placed as close as possible to
the junction of the buib cone and the
evlindrical neck. This arrangement s
necessary to prevent the beam striking the
neck when the deflection is sufficient to
reach the edge of the sereen.

The high voltages at which the 9JP1
ix 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 cirenit parts which may be
at high potential should always be en-
closed and interlock switches should he
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 incorreet circuit
connections. Therefore, before any part
of the cireuit 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 9JP1 in an oscillo-
graph is shown. The electrode voltages
are obtained from a bleeder circuit con-
nected across the high-voltage xuppl\'
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-
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 fluoreseent 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.

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
clectrode (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 MAXIMUM RATINGS is
based on a lne-voltage design center of
117 volts. The 9JP1 will operate satisfac-
torily at lower anode No. 2 voltages. but
brilliance and definition decreases with
deereasing anode No. 2 voltages. In gen-
eral. anode No. 2 voltage should not be
less than 2300 volts. When any of these
adjustments  are made,  consideration
should be given to the limiting voltage
ratings shown under MANXIMUM RAT-
INGS and TYPICAL OPERATING
CONDITIONS.

Photographs of the phenomena appear-
ing on the sereen of the 9JP1 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. Verichrome-type film has
heen found to give excellent results.

For high-speed photographic work in-
volving non-recurrent phenomena, it is
permissible to increase the sereen input
power per sq. em. 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 sereen is a function of the rate
of beam travel and pattern size. and an
inverse function of duration. Short-inter-
an be

quate.

val operation at increased input
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.



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 Eimac abead in the past. .. they're abead today. . .
and you'll find them still ahead in the future

Follow the leaders to

TUBES

EITEL-McCULLOUGH, INC., SAN BRUNO, CALIFORNIA, U.S.A.
Export Agents: Frazar & Co., Ltd., 301 Clay Street, San Francisco, California, U. 5. A.
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* Indicates that addresses and phone

ANTENNAS, Transmitting
Blaw-Knox Co., Pittshurgh. Pa
Lehigh St;ucturnl Steel Co., 17 Battery
[y

Pl N
1.ingo & Son, John E., Camden, N. J.
‘Truscon Steel Co.. Youngstown, ().
Wincharger Corp., Stoux City, Iowa

BEADS, Insulating
American Lava Corp., Chattanooga,

enn.
Dunn, Ine., 1321 Cherry,
Phila., Pa.
Star Porcelain C'o., Trenton, N. J.

Steward Mfg. Co., ‘C ‘hattanooga, Tenn,
BOLTS, NUTS & SCREWS, Machine

American Screw ('o., Providence, R. I.

Bristol Co., The, Waterbury. (‘onn.

Central Screw (o, ., 3519 Shields Av.,
Chicago

Chandler Prods. ('orp., Cleveland, O,

Continental Screw Co. . New Bedlurd

Struthers,

New Britain, Conn.

¢ orhln \crew Corp.,
609 Fleu'her. Chi-

Harper Co., H. \l..
cago
International Screw Co,
Lamson & Sesslons CCo., Cleveland, O.
National Screw & Mfg. Co., Cleveland
New England Screw Co,, Keene, N. H.
Ohio Nut & Bolt ('o., Herea, Ohio
Parker Co., Charles, Meriden, Conn.
Parker-Kalon Corp., l‘lx\aﬂck N.Y.C.
Pawtucket Screw ('o., Pa\\tucket R. 1.
Progressive Mfg. (o, Torrington, Conn.
Republie Steel Corp., Cleveland, O.
Russell, Burdsall & Ward Bolt & Nut
Co., Port Chesler, N. Y.
Scovill Mg, ‘0., Waterbury, (‘onn.

Detroit

Shakeproof, Inc., 2501 N. Keeler, Chi-
cago
Southington Hardware Mfg. Co., The,

Southington, Conn.
Whitney Screw C'orp., Nashua, N. H.
CABLE, Coaxial
American Phenolic Corp.,
Chicago
Am\mnds Wire & Cable Co.

Helden Mfg. Co., 4673 W,
Chicago

Roston Insulated Wire & Cable Co.,
Hoston

( ommuulcutlom Prods. Co., Jersey Clity,

15 Park Row, N. Y. C.
420 Lexington,

1830 5. 54 Av.,
25 B'way,

Van Buren,

Cornish Wire Co.,
(:eneral (‘nhle Corp.,

Doolittie Radto,

Bivd., Chicago

General Insulated Wire Corp., 53 Park
s

Inc., 7521 3. Loomis

smr'l'ei Wire & Cable Corp., Cambridge,
Manss.

CABLE, Microphone, Speaker &

Battery
Alden Prods. Co.,
Anacnnda w Ire & Cable Co.,

way, N. Y.
Ilelden Mg, (o 4633 W.
Chleago
Boston Insuluted Wire & Cable Co.,
Dorchester, Mass.
llol oke W Ire & Cable Corp.,
ass,

CASTINGS Die
Alumlnum Cu. of America, Pittsburgh,

Brockton, .\lass.
25 Broad-

Van Buren,

Holyoke,

Conn.
Div.,

Amerlvun Brass (‘o., Waterbury,
Dow Chemieal Co., Dowmetal
Midiland, Mich.

CERAMICS, Bushings,

Special Shapes
Akron Poreelain Co. . Akron, O
Electronic Mechanies. Ine
N.J

Relleville, N J
Liverpool, O,
Tenton, N,

‘lllumnu.u
Vietor, N. Y.

Washers,

Paterson,

Isolantite Ine..

Louthan Mfu ¢
Star Poreelain ¢ o
Steward Mg, o,
Vietor Insulator Co.,

CHOKES, RF

Aladdin Radlo Industries, 501 W. 35th,
Chicago

Alden Prods. (‘o., Brockton, Mass.

American ( ‘ommunleations Corp.,
B'way, 2 [

Barker & \\Illlummn Upper Darby,

Coto=-Coll Co,, Providence, R. 1.

D-X l(mllo Prods. Co,, Li

l enn

306

5 Milwaukee,

Chicag

(-eneral \\'lndlng Co., 254 W, 31 St.,
N,

(.uthm-m & Co., Edwin, 400 X, Peorla,

Icag:
Ilummnrlund Mig. Co., 424 W, 33 St
N.

Waseca, Minn.

Mt. Curmel, HL.
Los Angeles, Cal.

S, Michigan, Chicago
Malden, Mass,

Johnson ( 0., K
Melssner Mig. ¢
Miller ('o., J.
Muter o, 12
Natlonal Co.,

Ohmite My, ‘Co., 4835 W F lourney st.,
Chicago

Radex (‘orp. I'¥28 Elston Av., Chicago

Siekles ( ¥ ¢'hicopee, Mass.

T eleradlu I

g, (,urp 484 Broome St

Y. ¢
lrIumle \lfg Co., 4017 W, Lake St.,

¢ hicago

CLIPS & MOUNTINGS, Fuse
Alden Prods. Co., Brockton, Mass.
Dante Elec. \mz Co., Bantam, Coan.
llsco C'opper Tube & s., Inec.,
Statlon M, lmlnnntl
Jefterson Elec. C wood,
2'!00 “abansia Chi-

Jones, Howard H.‘.
cago

Littlefuse, Inc., 4753 Ravenswood, Chi-
cago

Patton MacGuyer ('o., Providence, R. I.

sherman Mfg. Co., H. B., Battle Creek,
Mieh.

CLOTH, Insulating

Acme Wire ('o., New Haven, Conn.

Brand & Co., Wm_, 276-4th Av., N. Y. C.

Endurette Corp. of Amer., Cliffwood, N.J

Insulation Mfgrs. Corp., 565 W, Wash,
Blvd., (‘hlcago

Irvington Varnish &
Irvington, N, J.

Mlea Insulator Co., 196 Varlck, N. Y. C.

CONDENSERS, Fixed
* Aerovox Corp., New Bedford, Mass.
American Condenser (orp., 2508 8.
Michigan, Chicago
Art Radlo Corp., 115 L Iherty N. Y. C,
Atlas (‘ondenser Prods. C'o., 548 West-
chester Av., \'
-\utorflmllc Winding Co., East Newurk,

Insulating Co.,

Bud Radio, Ine.
Cardwell Mfg.
lyn, N. Y.

( en!rnlah Milwaukee, Wis.

. Cleveland, O.

Corp., Allen 1., Brook-

Condenser Corp. of .America, South
Plnlmleld. N.J.
(ungfnser Prods. Co., 1375 N. Braneh,
X
« (rrn|e|l Dubiller Flec. Corp., 5. Plain-
field
699 E. 135th st,,

Cosmic Radio Co.,
N.Y. ¢

(‘r:\)'»;'lje):' & Co., Henry L., W. Orange,
Deutschmann Corp., Tobe, Canton, Mass.
Dumont Elec. Co., 34 Hupert St.,

N.Y. C.
Electro-Motive Mfg, ¢ 0.,
Conn.
krie Reslstor (orp., Erfe,
Fast & C'o., John K, ,3]2.{ \'
Chicago
(.enerul Radio Co., Cambridge, Mass.
Girard-Hopkins, ()aklsnd Callf.
ll('l;!i. . Prods., 5707 W. Lake St.,
llllnols ( ond Co., 3252 W. North Av.,

Chicag:
lndustrlul Cond. Corp., 1725 W,
“hicago
lnsullne C* urp of America, Long Island
Y.

Willimantic,

Crawtord,

North
Av.,

Johnson(o 'E. F.. Waseca, Minn,

l\ellog( Switchb’ d ‘& Supply Co., 6650
Cleero, Chicag

Mallory & C 0., P R., Indianapolls, Ind.

Micamold Radio (° orp., l!rooklyn. N.Y.

Muter (Co., 1255 S, '\Ilchhmn Chicago
Potter (‘0., 1950 Sherldan Rd., N.
Chicago

ROA Mfg. Co., Camden, N. J.
Sangamo Elec. ‘© 0., Springtield, Ill
Solar Mfg. Corp,. Iiuyonne. N.

Sprague speclalties Co., N. Adams.
Mass,
Teleradio Corp., 484

l~,nglneerlng
Broome St., N. Y.

CONDENSERS, Variable Receiver

Tuning
Alden Prods. Co., Brockton, Mass.
American Steel Package ('o., Defiance,

Ohio

Harker & Willilamson, Ardmore, Pa.

Bud Radio, Ine., Clevelund, O,

(nrdv\nll A, Corp., Allen )., Brook-
Iyn, N. Y.

Gieneral
N

Instrument Corp., FHzabeth,

Hammariund Mg, Co., 21 W 334d St
NV O

Insuline (‘;)rp. of America. Long Istand
City, NUY

Meissner Mfg. Co., Mt. Carmel, Il

Mlillen Mig. C'o., Malden, Mass.

Natlonal Co., Malden, Muss,

Radlo Condenser (‘o., Camden, N. J

Rellance Die & St'p'g Co., 1260 Cly-
bourn Av., Chicago

CONDENSERS, Variable Trans-

mitter Tuning
Barker & Willlamson, Upper Darby, Pa.
Bud Radlo, ('leveland, ¢
Cardwell \Itu Corp., Allen D, Brooklyn,

o Yo
llamn‘mrlund Mg, Co., 424 W. 33 St.,

Insullne Corp. of Amer., I.. [. City, N. Y.
Johnson, I, F., Waseca, Minn.

Millen .\"ﬂ. ('n., James, Malden, Mass,
Natlonal Co., Malden, Mass.

CONDENSERS, Variable Trimmer
* Aerovox C'orp., New Bedford, Mass,
Alden Prods. . Brockton, Mass,

Ameriean  Steel Package Co., De-
fiance, (3.
Bud Radio, Inc., Cleveland, O,
l!rooklyn.

(u{dwell \Hg (urp Allen

Centralab, Mllwaukee, Wls.

General Radio Co., Cambridge, Mass.

(‘-uthmnn. Inc., E. [, 400 S. Peoria,
Chicago

llunm\n,urlund Mig, Co., 424 W, 33 =t.,

lmullne (& ,orp of America, Long Island

S. F., Waseca, Minu.

Melssner Mtg. Co., Mt. Carmel, 111,

Millen Mg, Co., James, Malden, Mass

Miller C'o., J. W., Los Angeles, (‘al.

Muter C'o., 1255 8. Michigan Av.,
Chicago

Natlonal Co., Malden, Mass.

Puuer Co., 1950 sheridan Rd., N,

Chicago

Slekles Co, F. W

Solar Mfg. Corp.,

Telcradly  Iing.
N.Y. O

Jnh nsou ( o

. Chicopee, Mass.
'Bayoune, N.

(ulp, LYY Mroome.

CONNECTORS, Cable

Alden Prods., Brockton, Mass

Amer. Mlcrophnne Co., 1915 5. Western
Av., L.os Angeles

Amer. Phenolle Corp., 1830 3. 54th St.,
Chicago

American 476

qullo Hardware Co.,
B'way, Yia Gy

And'rew \lcer 6429 8. Lavergne Av.,

Atlas wund (orp.. 1442 39th St.,
Brooklyn

Blrnbg{ch Radlo 145 Hudson St.,
1rush Devel 0., Cleveland, O,

Bud Radio, Cleveland, Ohlo

Cannon Iulec l)evelupmem 3209 Hum-
wldt. Los Angeles

Eby, Inc., Hugh H., Phlladelphia

Electro Volce Mtg. Co., South
Indiana

General Radio Co., Cambridge, \ln.«

Insuline € orp. of Amer. LU City, NU Y.

Jones, Howard B., 2300 Wabansia,
Chicago

Mallory & Co., P. R., Indlnna nlh Ind.

ll.ullu\( l!y Produets Co., 127 26 St

Bend,

CRYSTALS, Quartz
Bauscgl & Lomb Optical ('o., Rochester,
N. Y

. Labs., Bellefonte, Penna.
[ .

Rurnett, Wm. W,
Collins Radio C'o., Cedar Raplds, lown
General Eleetrle (‘o.. Schenectady, N.
General Radlo Co., Cambridge, Mass.
Harvey-Wells C‘ommunications, South-
bridie, Mass.
Hipower ('rystal Co., 2035 W.
ton, Chicago
Hollister ¢ ‘'rystal (o,
Hunt & Rons, G ¢
Kaar Engineering (

Chiirles-

Merriam, Kan.
‘urllsle, Pa.
alo Alto, Cal.

listed in this Directory.

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-find items which should be

in War Production centers are listed of the end of the Radio-Electronic Products Directory

Milller, August k., North ergen, N. J
Peterscn Radlo, Council Bluffs, Towa
Precislon Crystal Labs., %prlngﬂeld

Preclslon Plezo Service, Baton Rouge,
Pre\ml\er (rystnl Labs., 63 Park Row,

RCA \lm _Co., Camden, N. J.

Ncl&n:mc Radio Servlce, Hyattsville,
Md,

Standard Plezo Co., C'arlisle, Pa.

Valpey C'rystaly, Holliston, Mass,

Zelss, Inc., Carl, 485 Fifth Av., N. Y. "
FELT
American Felt Co., Inc., Glenville,

onn.
Waestern Felt Works, 4031 Ogden Av.,
Chlcago

FIBRE, Vulcanized
RBra und)v\lne Fibre Prods. (‘o.,
ton, Del
Insulmluu “Murs, Corp., 565 W. Wash.
Alvd., Chlcago
Miea Insulator ('o., 196 Varick, N. Y. €.
\:}t 1 Vuleanized Fibre Co., Wilmington,

Tay \or Fibre ¢ ., Norristown, Pa.
Wlmington Fibre Speclalty Co.,
mington, Del.

FINISHES, Metal
Alrose (‘hemleal (‘o.. Providence, R. 1.
.\lumlnum Co. of Ameriea, Plttsburgh,

Ault & 75 Varick,
Y. .

Hllo \'arnLuh Corp., Brooklyn, N. Y,
Maas & Waldstein Co., Newark, N. J
New Wrinkle, Inc., Dayton, O.

FUSES, Enclosed
Dante Elec. Mfe. Co.. Bantam, (‘onn.
Jefterson Elec. ¢*o., Bellwood, Il
Littlefuse. Inc,, 4753 Ravenswood Av
Chicago

GEARS & PINIONS, Metal

Wilming-

wil-

Wiberg Corp.,

(-e(u:'l'speclaltlew Inc., 2653 W. Medill,

iicay

Perkins \Iachlne & Gear Co., Spring-
field, Mass,

Thumpsun Cloek Co., H. C., Bristol,
Conn.

GEARS & PINIONS, Non-Metallic
Brandywine Fibre Prods. Co., Wilming-
ton, Del.
Formica Insulation Co., Cincinnati, O.
Gear Specialties, Inc., 2650 W. Medill,
Chileago
* General Electric Co., Pittsfield, Mass.

Mica lnsulalor Co., 196 Varick st.,

.\ntlunal Vulcanized Fibre Co., Wi-
mington, Del.

Perkins Machine & Gear Co., Spring-

tleld, Mass.
Richardson Co.,
Synthane Corp.. Oaks, Pa.
Taylor Fibre Co., Norristown, Pa.
Wilmington Fibre Speclalty Co.,
mington, Del.

GENERATORS, Gas Engine Driven
Kato Engineering ('o., Mankato, Minno.

HEADPHONES
Hrush Development (‘o
Conn, Tel. & Electric Co.,

Conn.
Carrier Microphone (‘o,
Cannon Co,, €,

Melrose Park, Chicago

wil-

Cleveland, ©)
Meriden,

Inglewooxl, (‘al.
| \prlnkwulor N.

Carron Mfg, Co.. 415 S, Aberdeen,
Chicago
Chicago Tel. Supply C'o., Elkhart. Ind.

Connecticut Tel.
Conn

Elec. Industries Mtg. Co..
N.J

& Elec. Co.,
Red Bank,
I"ittstield, Mass,

Meriden,

* General Electrie Co,.

Kellogg Switchboard & Supply Cn., 6650
=, Cicero Av.,, Chicavo

Murdoek Mg, Co., Chelsen, Masy

Trimm Radio Mg, Co., 1770 W. Ber-
teau, Chicago

Universal Mierophone Co.. Inglewood,

Cal

HORNS, Outdoor
University Laboratories,
SN Y«

195 Chrystie

KNOBS, Radio & Instrument

Alden Prods. Co., Broekton, Mass

Amerlcan Insulator Corp,, New Free-
dom, Pa.

Chileago Molded Prods. Corp., 1025 N.
Kolmar, Chicago

Geeneral Radio ('o., Cambridge, NMass.

Imperial Molded Prods. Corp., 2921 W
Harrison, Chieago

Kurtz Kasch, Inc., Dayton, 0,

Millen Mfg. Co., James, Malden, Mass.

Nat'l Co., Inc., Malden, Mass.

lelu‘(‘l(y Products Co., 127 W,

it
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Ro.gz'm l'iro's.. 2001 S. Michigan, Chicago

LABORATORIES, Electronic

Research

# Brownlog Labs., Inc.. Winchester. Mass



Michigan's pioneer Frequency Modulation
owned and operated by The Detroit News.

A. M. Station WWJ,
Rate Cord on Request

Station,

Associate

4500 Penobscot Bldg.

DETROIT, MICHIGAN

WHAT ISSUES OF FM
MAGAZINE ARE MISS-
ING FROM YOUR FILES?
COMPLETE YOUR BACK
NUMBERS. SEE SPECIAL
OFFER ON PAGE 29

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 adjustinents
are required under any operating con-
ditions.

CIVILIAN RADIO DEFENSE UNITS

WO-WAY radio communication for use

during air raid defense emergencies is to
be provided by civilian technicians, under
w uew plan set inmotion through the FCC.

It is expected that several thousand
two-way units will he constructed from
unused junk-box parts by broadeast sta-
tton engineers and amateurs who will
make up the civilian War Emergency
Radio Service to he direeted by the OCD,

The transmitters will he limited in
power to 25 watts. so that their effective
runge will be kept down to about 10
miles. This s considered sutlicient for all
needs under emergeney conditions,

Prinled manuals, planned to facihtate
administrative operation, will be  dis-
tributed by the regional offices of the
och,

Special operator licenses, designated as
War Emergeney 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 satisficd the FCC as to his

ments,

clency frop,
actual
while uyr plar
out Viegory
tinue our
assure even
design and pe
the requiremeny
industry tomarr,

For Proven FM Efﬁciency

_Th(- Ling

o FM Turnstile
portant
dustry’

¢ Antenng
Lontribution 4
accomplish.
t have been

> form
record of off;.
bosing st of
. Even now,
s eugaged in y)).
Production, we con-
velopment efforts 1q
n;m-r efhciency jp,

rlormance o meet

sof g greater Fy[
ow,

mstatlation.

OHN E. LINGO & SON, INC.

ICENSED MANUFACTURERS OF PATENTED TURNSTILE ANTENNAS

CAMDEN, NEW JERSEY

lovalty and integrity.

Chairman Fly deseribed 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
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LIGHTS, Pilot or Indicotor
Aluen Prods. Co., Brockton, Mass,
)Ial I\Igm Co. ot America, 90 West,

1713 W,

). e Mt Co.,
Chicago
Gieneral Control Co., Cambridge, Mass,
+ General Elec. Co., Iump Dept., Nela
specialty Div., l|ulmkl-n. N.
flerzog Miniature Lamp Works, 12 {".)
J.

Hubbard,

Jaekson Av., I.unu Island f’ity,
Kirkluud Co., Ho I, Morrlstowo, N
Mallory & Co., l’ Indlumumlh ind.

LUGS, Copper
Murnd) I«nglncerlng Co.,

450 kK. 133rd

ll.mt(- Fiec. \lh: C'o,, Bantam, Conn.
Ideal Commutator idresser (., =yea-
more, 1.
Ilseo Copper Tube & Prods,,
tlon M, Cineinnati
Kruewer & Hudepohl, Third
17 Virginla Av.,

Inc., Sta-
& Vine,
Cineinnati, 0,
Patton-MacGuyer Co,
Providence. R.
Shermun Mfi. Co.

MACHINES, Impregnating

Stokes Machine Co,, I, J,, Phila., Pa.

MACHINES, Numbering
.\tl.nlr‘ \lm-hlnery Corp., 55

. Battle Creek, Mich,

VanDam,

Numberii ) Stamp & llml 0., Huguenot
Y.

Park, Staten Island,

MACHINES, Riveting
Chieago Rlvet & Machine Co,,
1iinols

MACHINES, Screwdriving
Detrolt Power Nerewdriver Co., Detroit,
Mich.
Stanley Tool DIv. of the Stanley Works,
New Hritain, Conn,

MAGNETS, Permonent
General Elec. Co., Schienectady, N. Y.
Mallory & Co , PR, lmll.m.umll~X Ind.

METAL, Thermostoatic
h.nker & Co B
=, Brainin Co.

( “allite lumuton

W, M., Detroit, Mich.
Controls  Corp.,  Attleboro

Bellwood,

i hl)xun. N.Y
S orp., Unlon ¢ Il\

( 'h‘uE'(: i'u..
Metals &
1

Mass.
Wilson Co,, H., A,
Newark, N. J.

METALS, Pressed Powder
Gibson Elee, Co,, Pittshurgh, Pa.
Alulory & Co., P2 R, Indinnapolls, Td,

METERS, Ammeters,

Small Panel
Cambridge lml ('u._ [H

‘Terminal, N. (9
e Jur-Amseco O urp Shelton, Conn,

* Cieneral Electric Co,, I!rld'.wp wrt, Conn.,
Hickok Elee. Inst. Co., € leveland, o),
Hoyt Elec. Inst. Works, Boston, Nass,
Readrite Meter Works, Bluffton, .,
Roller-smith Cao., Bethlehem, Pa.
.\lmpewn Elee. Cao,, I8 W. Kinzie

Chicago
Triplett Elee. Inst. Co., BlufTtog
Westinghouse Elee, & M, Co,
burgh, Pa.
Weston Elee.

MICA
I!m'ml\'&

105 Chestnut,

Voltmeters,

and  Centrid

O,
Pltts-

Inst. Corp., Newark, N. J.

Co,, Wm,, 276

H65 W

Fourth Av.,

Insulation Mfgrs, Corp.. Wash.
Blvd., Chieago

Macallen Co., Boston,

Mien ln«ulxnor Corp.,
<y

Micen

Mass

196 Varlek,

New glmul Co., Waltham,

Mass,
Richardson Co., Melrose Park, Chieago

MICROPHONES
Amer. Microphone o,
Av., Los Angeles
Amperite 13w
Astatle Corp.,, ungst
Brush Development Co.,
«'urrier Microphone o, 1
Elect. Industries Nfie.

1015 Western
N. Y.,

n, O,
Cleveland, ¢
nglewood, C'al.
Co., Red Bank,

N.J.
Electro Voice Miyg,
Ind.
Kellogg Switchboard &
6650 S, Cleero, Chieago
l{utl.h{ \;n-uker\ Inc., 221 kK,
[1ly
l’hllmure \ltu Co,,

Co., South Bend,
supply  Co.,
Cullerton,
113 University Pl.,

l’('rnmnu\ Corp., 4916 W,

Chicago
Rowe Indust

Grand Av.,

. Ine,, Toledo, O,

# Shure Bros, W, Huron st., Chleago
Turner Co., Cedar Rapids, In.
Universal Microphone o., Inglewood,

al.

MONITORS, Frequency
# Browning Labs . Ine., Winchester, \luv
* Link, F. M, 127 W17 st o o Uo

MOTOR-GENERATORS, Dynnm o-

tors, Rotary Converters
Alliance Mf. Co., Alliance, O,
Alr-Way Mfg. ¢ o.. Toledo, O,
Hendix, Red Bank, N, J.
Black & Decker Mg, Co., Towson, Nd.
HRaodine Elee. Co., 2262 W, Ohio, Chicago
Carter Motor Co., 1608 Milwaukee,

Chicago
Clements My, Co., (‘hlr:uzu Ill
Cuontinental Electrie ¢ b N.J.

Deleo Appliance, Rm‘hester. b Y
Diehl Mig. Co., lllznhethporl ‘NUJ.

hurumwr( n.. Chieavo, 111,
lipee Aviation, Bendix, N, J.
cor, Inc., 1060 W. Adams, Chicago
ectric Motars Corp.. Racine, Wis.
ectric \p(-olnl(y Co., stamford, Conn.
retrolux Corp.. Old ‘Greenwieh, Conn.
nerson Flectric Co.. Xt Louls, Mo
reka Vacuumn Cleaner, Detroit, Mich
* Cieneral Flee q cl.ene('t'ul) N.Y.
Janette Mfg, Co,, 55 . Monroe,
Chicago
l\nwn-\ olaren. St ,0ll|-x \lu
Sleetrie Co., Dayt
petric Co, |

lrlnlu Pl

l'lom-er Gen-E=Maotor, 3841 W, Dickens
« m('m,n

I(mlmnml Co.. AL G, Owosso, Mich,

Russell Co.. Chieago, N

er Co.. Chieago. I11.

Westinghouse Kleet, Mfy, Co., Lima, O,

Wineharger Corp,, Sfoux City, lowa

MOUNTINGS, Shock Absorbing
Lord Mfg. Co., rie. Pa.

MYCALEX

llectrie Co.. Schenectidy. N Y
orp. of \m('r P DR B

NUTS, Self—Lo:king
Flastie Stop Nut Corp.. 1 nlnm N. J.
Palnut Co,, Ine., lr\'lm.tun N
~u;udnrd Pressed Steel Co., Jenkintown,
i

OVENS
* Lieners
Trent Co,

Indus'nul & Laboratory
enectady, N. Y.
. l'nllmlelnhl.l

PHOSPHOR BRONZE
American Brass (‘o Waterbury, (‘onn.
Bunting Brass & 13ronze Co., Toledo, 0.
Driver-Harrls ('o., arrison, N. J.
Phosplior Bronze Smelting 0., Phila-
2300 Park Av.,

. Harold

delphia
I(ewr;- Copper & Brass,
e

Heymour Mfg, Co., Seymour, Conn,

PLASTICS, Extruded
Mlum‘.\ Co., Inc., Jullus,

2 W22 Nt

Brand & Co. Wm., 276 Fourth Av..

N

l\tru(lml Plasties, Tne.. Norwalk, Conn,

Irvington Varnish & Insulator Co.,
Irvington, N. J.

PLASTICS, Laminated or Molded

Acadia *\mhetlt: Prods., 4031 Ogden
B B .lllu
C'o,, Brackton, Mass

namid Co., 30 Rockefeller
Y]

American Insulator Corp., New IFree-
dom. Pa.

Ameriean Molded Prods. Co, 17533 N
Honora, Chicazo

Auburn Button Works, Auburn, N, Y.

Barber-Colman Co,, Rockford, 111,

Brandywine Fibre Prods. Co., Wllming-

ton, Del.
atalin Corp.,
'vl.mme ¢ t‘llulnhl [ urp

Park Av., N. Y. .
“In0 Madison

1024 N,

N.

‘hh'm:n \lnhled Prods. Corp.,

Kolmar, Chicago
Duow Chemieal Co.. Midiand, Mich,
Durez Plasties & Chemieals, Ine., N.
mawanda Y.

truded Plasties, Ine.
rmdea Insulation ¢

, Norwalk, Conn.
. Clneinnati, ©

* General Eleetric  Co,, Plasties  Dept.,
Pittstield, Mass.
General Industries Co., Elyria,
Imiperinl Maolded Prods. o, "Nl w.

Harrlson, Chicago

Industrinl - Molded Prods, Co., 2035
Charleston, Chicago

Kurz-Kasch, Inc., Dayton, O.

Muacallen Co., Boston, Mass,

Miea Insuiator Co., 1496 Varlek, N, Y. C.

AMonsanto  Chemical  Co., .\prlngneld

Vuleanized Fibre Co., WII-

mington, Del.

Northern  Industrial  Chemical Co.,

Boston, Mass
I(.ulln( Il) Products Co., 127 W, 26 8t
Melrose Park, Chicago
"Is0 N. Wacker Dr.,

I{Irlmr(lsnn Co,,
Rogan Bros.,
Chicago

Rohm & Haas Co., Philadelphia

Stokes Rubber Co., Joseph, Trenton,
N.J.
surprenant Flee. Ins. (‘o., Boston

Synthane Corp., Onks, Pa.

Taylor Fibre Co., Norristown, Pa.

Westinghouse llee. & Mg, Co., E.
Pittsburgh, Pa,

Wilminuton Fibre Speclalty Co., Wil-
mington, Del.

PLUGS & JACKS, Spring Type
by, Ine.. Haeh 11, Philadelphia, Pa.
Ueinite Co., Newtonville, Mass,

PLUGS & JACKS, Telephone

Type

Alden Prads. Co., Brockton,

Ameriean Molded Prods. Co,,
Haonore, Chicago

Guardlan Flee, Mfie. Co,,
Walnut, Chicago

Jones, Howard K., 2300 Wabansia Av.,
Chicago

PRESSES, Plastic Molding

Kux Machine (o., 3930 W,

Chleago

PRESSES
Stokes Machine C'o., F. J., Philadelphia
Watson-Stiilman  Corp., The, Roselle
Park, N. J.
RECTIFIERS, Current

Benwood Linze Co., St.

Mass,
1753 N.

1627 W,

Harrison,

Louis, Mo.

Continental Eles. Co.. 903 Merchandise
Mart, Chicago
Electronies Labs., Indianapolis, 1nd.
Fansteel Metallurgical Corp., N. Chi-
eavo, 111,
# General Flectric Co., Bridgeport, Conn.
International T & Radio Mfg. Corp.,

L. Newurk,
Mallory & Co., P, l( Indianapolis, Ind
Nothelfer \\indlmx Labs.,  ‘Trenton,
N.
lllllHl Ulneptone Corp., Totlington,

onn.
\\(\Hm.ho\he Elec.
Pittsburzh, Pa,

REGULATORS, Temperature
Allen-Rradiey Co., Milwaukee, Wis,
Dunn, Ine., Struthers, 1321 Cherry,

Philadelphia
Fenwal Ine., Ashland,

w CGeneral Electric Co., Schenectady, N. Y.
Merecold Corp., 4217 Belmont, Chicago
\lInne.nmll--lIune\'“cll Regulator,

Ainneapolls, Minn.

& Mg, Co,, K.

Mass,

Spencer Thermostat C'o., Attleboro,
Mass,
REGULATORS, Voltage
Acme Elec. & Mg, Co,, Cuba, N, Y.
Ferranti Ilec.. Inc., 30  Rockefeller
Plaza, N. Y. (.
% General Flec. Co., Jchenectady, N. Y,

H-B Elec. C'u., l’hllu(k-lphln
Sola Flectrie Co., 2525 Clybourn Av.,
Chicago
United 'l'r:\mfnrmer Corp., 150 Varick
S

st N

RESISTORS, Fixed
Acme Elec, Heatlng Co., Boston, Mass,
* Aeravox Corp,, New Hodford, Nase
Allen-Hradley C'o.. Milwaukee, Wis,
Atlas \Rhl.~lor Co., 423 Broome =t

Centralab, Milwaukee, \\'N-umln
Clarostat Mg, Co., Brooklyn,
Cont’t Carbon, Ine., Cleveland, ll.
l).nen Co.. 158 summit =t., Newark,
ln\nn Cruelble Ca., J v City, N.J.
Erie Rexistor Corp. Pa
(.luhalr Div. ¢ arlmrundum Co.

Fal Y.
Hnrvlulrk “Hindle, Ine .
lnstrumem Resistors Co,,

J.

. Niagara

Newark, N J.
Little Falls,

Imern 1 Rexistance (o,
Ohmite Mg, Co., 48
Chicago
Preclsion Reststor Co.,
sensitive Research
Bronx Hivd ¥
Shalleross Mg, Co., € nlllm.dale Pa.
~pr.\zue \‘p(-(-l.ultla Co., N. Adams,
~ta(‘kpule Carbon ' Pa.
Wurd Leonard Elec ‘ernon,

!'llll.ulelmnl.l
W, Flournoy,

Newark, N. J.
] Corp., 4345

w Mte l)en(al Mg, Co.
w in ( o..
RESISTORS, Fixed Precision

lmtrumem Reststors, Ine., Little Falls,
2
4835

L 10 EL0th St

Germantown, Pa,

Hhmlw Mg, Co.,
Chicago

RESISTORS, Variable

% Aerovox Corp., New Bedford, Muass.
Allen-Bradley ('o., Milwaukee, Wis.
Amer. Instrument Co,, Siiver Spring

Md.

Atlas Resistor CCo., N, Y, ¢,

Centralab, Milwaukee, Wix,

Cinema kng. Co., Burbank, Cal,
Clarostat Mg, Co., Brooklyn, N. Y.

Cutler-Hammer, Inc., Milwaukee, Wis.

Dedur Amsco Corp., Xhelton, C‘onn.

Electro Motive Mfy, (‘u., WitHmantle
Conn,

General Radlo Co., Cambridize, NMass.

=) Labs,, Inc., Chicago, 111

Hardwick, Hindle, Ine., Newark, N. J.

lns\(’rumem Resistors, Inc., Little Fulls,

Flournoy =t.,

Intern’] Resistance (‘o,, Philadelphia
Mallory & Co., P. R, Indianapolis, Ind.
Ohio Carbon Co., Clevelund, Ohlo
(lhmlle Mfg, Co., 4535 W. Flournoy
Chicago
l’recleon Resistor C'o., Newark, N. J.
Shalleross Mg, Co,, €
stackpole Carbon €'
Utah Radio Prods. Co

N2 Orleans St

Chicago
Ward Leonard LElec, C'o,. Mt, Vernon,
Ny

Wirt Con..

RESISTORS, Variable, Ceramic Base
Ohmite Mfz. Co., 4835 Flournoy =t
Chicago

RIVETS, Plain
(‘entral Screw (‘o.,
Chicago
Progressive Mfy, (o,
Republic Steel Corp.,

SCREWS, Recessed Head
American Screw Co.. Providence, R. 1.
Briztol Co., The, Waterbury. (‘onn,
Chandler Prods, Co., Cleveland, ¢).
Continental screw Co., New HBedford,
Muass,

Corbin Serew Corp., New Britain, Conn.
International sScrew Co., Detroft, Mich.
Lamson & Sessions, Cleveland, O,
\atlnnal Screw & Mg, Co., Cleveland,

Keene, N. H.
lhe, Meriden,

LY,
R. L

Nut

Germantown, Pa.

3519 Shields Av.,

Torrington, Conn
Cleveland, O

\ew England Screw (‘.

Parker Cou., Charles,
Conn.

Parker-Kalon (‘nrp l'm Varick, )

Pawtucket Screw ( l’autmket

Pheoll Mfg. Co,, hlc (1]

Russell, Burdsall & Ward Bolt &
Co., Port Ches Y.

exter,
seovill Mg, Co., Wa(erbury Conn,

\h.ukeor:m! Inc..

2301 N. Keeler Av.,
Chlcago

Southington Hardw. Mg, Co.. South-
ington, Conn.
\t.nul.ml Pressed Steel ('o_, Jenkintown,

w hltne) Serew Corp., Nashua, N. H,

SCREWS, Self- Tcpping
American Serew Co. P'rovidence. R. 1.
rrew  Co., 33149 Shields Av,,

Continenta) Serew o, New Hedford,

ux
I’nrk(ﬂr-lmlnn( orp.,, 1 Varick, N, Y

~hakeproof, Ine.. 2501 XN. Keeler,
Chleato
SCREWS, Set and Cap
Allen Mfg., Co., Hartford, Conn
I‘urk(' Corp., 19% Varick,

Kalon
<

Re| nul»ll(- Steel O orp., Cleveland. (),
~Imk(-prm! Ine., 2501 N Keeler Av.,
Chicago

SCREWS, Hollow & Socket Head
Allen M, Co., Harttord, Conn
Central Serew Ca., 3514 Shields, ¢ hl( ago
Parker-Kulon, 195 Variek, N, Y
\hlt,mlurd I'ressed Steel €0,
n

SHEETS, Electrical
‘\lll('rk':lll Rolling NI Co.,
town,
¢ ulrnea:le-llllnoh Steel Corp.,
Kl
Fullansbee Steel Corp., Pitt=hurgh, Pa
Granite City Steel Co., ‘Granite Clty. 11
Newnort Rolling \IIII( u \m\ mn Ky
Republic Steel Corp.,
Ryerson & Son, Ine.,

SOCKETS, Tube

Aladdin Radio Industries, 501 W,
St.. Chieavo

Alden Prods. o,

Amer. PPhenalle Corp..
¢ hicavo

Amer. Rudio Hardware Co.,
NOY.

:ll;llkilllll\\ n.

Middle-
Pitt<bhurgh,

Jllﬁ T. ('hl(‘uuu
45th

Brockton, Mass,
N30 =, 54th Av,

176 R'way.

Hud=on,

Iiif'nir. “Radlo Co., 145

Cleveland, O,
345 W Van Buren St

I&lul Radio, Ine.,

Clneli Mg, Co,
Chicaga

( ‘ont’l-Diamond Fibre Co.. N
uule Elee, Mfu. Co., Brooklyn,

El Ine.. . H., Philadelph

Federal Serew Pr 26 8, Jefler-
son, hicago

rk, Del
Y

ads. Co,

Fr.mklln Mg, Corp., 1753 Varick,
Y.
Ilmnmurlunll N, Coo 121 WL 93 5t
Y
Jolm-mn ( 0., FLF, . \linn,
Jones, Ilnwnrd H.. Wabansia,
Chicago
Micarta l«.mrlc.n!nr; Inc., 4619 Ravens-
wouwd, ¢

ies
Millen \ln: Co,
Atiller Co_, J,
Nat'l Co
Remler ¢
Smith Co,,

SOLDER, Self-fluxing

unne\ Maiden, Mass
Low Angeles, Cal,

n al.
Muaxwell, llull)\\ i, Cal.

2744 W, 30th

Brideeport, Conn,
1200 Wrightwood

l\(-a T Solder (n
Chieago
I(uhy Chemieal Co.

SPEAKERS, Outdoor Type

, Columbus, O,

University  Labs., 195 Chrystie St
NLOYL e
SPRINGS
Accurate Spring Mfe, Co., 3817 W,

Lake, Chieago
.Mm;l;I;'ml Spring & Mfue
Mieh,
American Steel & Wire Co.,
Bldi., Cleveland, O.
Barnes Co., Wallace, Bristol, € unn
Cuyahoga Spring Co., Cleveland,
Gibson Co., Wm, Il.. 1800 (‘l)l)uurn
Av., Chicago
Hubbard sSpring Co., M. D,
Mich.
Hunter Pressed Steel Co., Lansdule, Pa.
Instrument Specialties Co.. Little 1alls.

Corp., Holly,

Ruckefeller

Pontiae,

.\ll.u-.hlhlmw'n Spring Corp.. Logansport,

nd.
Peck Spring Co., Plainville, Conn.
Raymond Mg, Co., Corry, Pa

SUPPRESSORS, Parasitic
Ohmite Mg, oo, 4535 Flournoy St
Chicago

SWITCHES, Rotary Tap, Ceramic

Base
Ohmite Mfu, Co.,
Chicao

TRANSFORMERS, IF
-\lml(lln Radio Industries,
¢Chicago

4835 Flournoy =t

ST W, 35th

-\mcr Transformer Co,, Newark, N. J.
\utumuuc Windings Co., k. PPassale,
. Jd.

(urron Mg, Co., 415 =, Aberdeen,
Chlcago

-X ll(mllu Prods. Co., 1575 Milwaukee,
Chicago

(.enerinl Winding Co., 254 W. 31 St

Guthman 400 =,
Chlcago

Hammurlund Mfte. Co.,

.\ Co., Peorin St

424 W, 33 st

Melssner Mfig, Co., Mt.
Millen Mfg. Co,, James, NMalden,
Miller Co., J. W., Los Angeles, (‘a

Carmel, 1.
Mase,
i



Nat'l Co., Malden, Mass

Siekles Co, FOW,, Springiield, Mass,

Teleradio lkng. Corp., 484 Broome St
St

Triumph Mg, Co., 4017 W, Lake,
Chicago

TRANSFORMERS, Receiver Audio

& Power
Aeme Elec. & Mg, (o, Cuba, N, Y.
Amer, Transformer Co., Newark, N. J
anlmer Co. of Amer. 1T WL 20th st

Audio I)o\el ¥ V. Minneapolls, \Il

Cinaudagraph Spenkers, Ine., 34
Alichigan, Chicago

llectr;xnl( Trans, Co., 515 W. 20 st.,

Ferranti llc-c . Inc.. 30 Rockefeller
Plaza, N. Y.

Freed ‘Trans. Co,, 72+ N‘rlnu 60090 Yo &

Gen'l Radio Co., Cambridge <.
Jeneral Trans. Corp., 1250 W. Van
Buren, hicago

Halldorson  Co., 4500
Chicago

Jefferson Elee, Co., Bellwood, {Il.

l\enyon lransrormcr Co,, S4) Barry st.,

Mass

Ravenswood,

\Ixu.'n(-m' Windings Co., Kaston, Pa,
New York Transformer Co., 51 W, 3rd

Norwalk ‘Transformer Corp, 3. Norwalk,
Conn.

Ra)thwm Mg, Co., Waltham, Mass

\kum..ﬁ Transtormer Co., Los Angeles,

al.

\tumlunl Transformer Corp., 1500 N,
Halsted, Chicago

superlor kulee. €'o., Bristol, Conn.

Thordarson  Flec. NMfg. Co., 500 W
Huron, Chicago

Utah Radlo Prods. Co., 820 Orleans St
Chlcuro

TUBES, Cothode Ray
Dumont Labs., Allen B, Passaic, N. J
Farnsworth “Tele. & Radio Corp., Ft

Wayne, ind.

* General Flec. (o, Schenectady, N. Y.
Hygrade Sylvania (,nrp . Salem, Mass,
Nat'l Union Radio Corp., Newark, N.J
ROA Mfg, Co., Camden, N, J.

TUBES, Current Regulating
Amperite Co., 561 Broadway, N. Y. O
Champion Radio Works, Danvers, Mass
Hytron Corp. & Hytronle Labs., Ralem

Mass,
RCA MLz Co., Camden, N. J.

TUBES, Photo-Electric
Hradley Labs., New Haven, C‘onn
C ont’l Elec. Co., Geneva. il
De Jur-Amseco Corp., Shelton, Conn
De Vry, lHerman A., 1111 W, Center,
Chlcago
Ilectronic Laboratory, Los Angeles, Cal.
Emby Prods. Co., Los Angeles, (ul
# General Flec. Co,, N‘Ileneﬂud}. N.Y.
General Scientifie Corp., 4829 5. Kedzle
Av., Chicago
G-M Labs., 4313 N
Leeds & Northrup
Nat'l Unfon Radio Corp.,
Phnmhell Corp., 123

Il( A \ltg Co,, € anulen, N.J.

Rehtron (urp 215 \huznollu Av.,
Chicago

Rhamstine, J.. Detroit, Mleh

“eutlm.lmuw Lamp l)|v

{nox Av., Chicago
Philadel L)hlu
\evmr
liberty St.,

l’!lnmmﬂeld.
a do
W enton Elec. Inst, Corp., Newark, N. J.

TUBES, Receiving

#* General Eleetrie Co., Seheneetady, N Y.
Hygrade Sylvania Corp., Salem, Mass,
Hytron € urp Salem, ) 1ass.
hen-Rnd T'ube & Lamp Corp., Owens-

. Ky
Nat' l l nlon Radlo Corp., Newark, N. J.
llaythe({n ‘l’rud Corp., 420 Lexington
«
RCA Mfg. Co., Camden, N, J.
Tung-sol anp Works, \ewurk N.J.

TUBES, Transmitting

Amperex Electronle Prois.,

| D1 llel McCullough, In

Federal Telegraph ('
% (ieneral Elec. Co., Scl

lle(lntlz & Kautman, S. Sab H.mclscu.

a

Ilytrun Corp., Salem, Mass.

Nat'l Union Radio Corp., Newark, N. J

ltn)theon ‘l’rod Corp., 20 lexlnglun

Brooklyn,

RLA \lrg ‘0., Camden, N. J
Taylor Tubes, Inc., i Hl Wabansia,
Chicago

United Electronles Co., Newark,
Westinghouse lLamp Div., Mlmnmlleld
SNo db

TUBES, Voltage- Regula'ing
Amperite Co., 561 llrowl\\ny Yo
Hyygrade Syl\anl.x Corp., *alem \Iuss
Hytron Corp., Salem, Mass.

RCA Mfgz, Co., Camden, N. J.

TUBING, Lominated Phenolic
Brandywine Fibre Prods. Co., Wilming-
ton, Del.
Formlea Insulation Co., Clneinnati, 0O,
* General Electric Co., Pittsfield, Maxs,
Insulation MIgrs, ¢ urp., 565 W. Wash-
ington Blvd., Chlcago
Mica Insulator Co,, 196 Varick, N, Y.
\'ut ll\'ulcanlnd Fibre (‘0. v Wllmlngtou

l{lclmrd«m Co., Melrose Park, Chicago

Synthane ('orp., Oaks, Pa.

Westinghouse Elec. & Mfg. Co., K. Pitts-
hurzh, o

Wilmington  Fibre speclalty Co., WIi-
mington, Del.

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

ghetti
li(-mley-llarrls Mg, Co., Conshehocken,

Hmml & oo W, 276 Fourth Av,,
K mlurette O orp. of America, Cliffwood,

* (veneml Elec. Co., Iirhlgepon Conn.
Insulation Mtgrs., Corp., 565 W. Wash-
Ington Blvd., Chicago
.\llsu ‘Imuluwr Co., 196 Varck sSt.,
NoY.

VIBRATORS, Power Supply

Turner C'o., Cedar Raplds, 1a

WIRE, Bare
\l;nerlcnn Steel & Wire Co., Cleve-
and
Amlcumlu w Ire & Cable (‘o., 25 Broad-
ay, N. Y.
Ansonia klec. ( n.. Ansonla, Conn.
Belden Mtg. Co., 4633 W. Van Buren,
Chleago
* Ceneral Elee. Co., Bridgeport, Conn
Phosphor Bronze Smelting Co., Phila-
delphia
Ren Magnet Wire (‘o
Itm-'hl.l'ng's sons

Fort Wayne, Ind.
., John, renton,

WIRE, Magnet
Acme Wire (‘o,, New Haven, (‘oun,

Ar}lerllcun Steel & Wire (o, Cleve-

and, O

\nncnnda w lre & Cable Co,, 25 Broad-
way, N. Y.

Ansonia Flec. . Ansonia, Conn.

Helden Mtg. ( u V4633 W. van Buren,
Chicago

Electrie Auto-L.ite C'o., The, Port Huren,
Mich.

weral Elee, (‘o., Bridgeport, Lunn

General Elec. Co., .\chenecmdy, N. Y.

Holyoke Wire & (able Corp., Ilnl)oke

*
*

Mass,

Rea Magnet Wire Co.,
Indiana

Rockbestos Prods, (Corp., New Havea,
Conn,

Roebling’s sSons (o, John, Trentoa,
N.J.

Fort Wayne,

DIRECTORY OF MANUFACTURERS’

REPRESENTATIVES & SALES OFFIGES

IN RADIO WAR PRODUCTION AREAS

* These manufacturers’ names are starred in the Radio-Electronies
Products Directory

AEROVOX CORP.

Boston: 94 Portland St., Lafayette 3484

( ‘hicago: 4753 B'way. Long Beach 0169
'lev?luml 219 Film Ex. BidR., Prospect
071

Los Angeles: 1341 8. Hope St., Rich-
mond 9121

New \nrk 347 Fifth Ave., Murray Hill

5-T0¢
l’lnqhun:h 918 Hill St., Churehill 0838

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

GENERAL ELECTRIC CO.
Boston: 140 Federal =t
Chicago: 840 8, C‘anal &

Hubbard 1300
Wabash 5611

Cleveland: 4966 Woodland Ave.. di-
cott 4464

New York: 570 Lexington Ave., Wicker-
sham 2-1311

Philadelphia: 1405 Locust Ave.. Penny-
packer %000

San Franelsco: 235 Montgomery St.,
Douglas 3740

LINGO & SON, INC,, JOHN E,
Addre-ﬂ all correspondence to Camden,
.128 & Van Buren Ave., Camden 487

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

SHURE BROTHERS

Chicago: 225 W. Huron st., Delaware

Columbus: 85 Ji Gay St Adums g2y
New York: 136 Liberty St., Worth

550
l’hllxulelphln. 1343 Arch st., Rittenhouse
ﬂm‘x l-rxmclsco 234 Ninth St., Hemlock

V\ushlnutun 3308  Fourteenth St.,
N. . Columbia 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 July

Out of Print August
December September
January, 1941 October
February November

Ovut of Print December
March January, 1942
April February

May March

June 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 ond January 1941 is-

sues, order them now, as only
a few copies remain.

This is your opportunity to get
data
written by leading engineers,

a wealth of technical

available from no other source.

Cg:’)I(ES SI.OO

POST
PAID

FM Company, Publishers

112 East 36th Street . New York City

29



30

THE FACTOR Q

(CONTINUED FROM PAGE 18)
0. - (C, — ) Q.Q:

O (Q— Q)

The values thus obtained can be used

in formulas (18a) to (21a), Part 1. to de-
termine the effective series values desired.

(22b)

7-D: Anti-Resonant Resistance of a Tuned Circuit »
This quantity, sometimes called *“dy-
namic resistance,” is the resistance of a
resonant L cireuit as measured at the
terminals of the coil or condenser. It is of
interest when such a ¢ircuit 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-
ance, Ry is:

R, = 6.28 X 1073 fLQ =

1.59 X 104 Q
fc

in which f is the resonant frequency and
L. C, and @ are the circuit inductance,
capacitance, and @ at resonance.

The anti-resonant resistance of a tuned
cirenit can be measured with the Q-Meter
by treating the cirenit as a high resistance
and measuring its resistance in a manner
cimilar to that described for resistors in
the preceding section 7-C. In this case,
however. after resonating the @ circuit
of the Q-Meter without the circuit un-
der test connected, and recording the
values of Q circuit capacitance and Q as
(', and Q. the circuit under test should
be connected to the condenser terminals
of the Q-Meter and the @ circuit  re-
resonated by resonating the circuit under
test to the frequeney of measurement. f.
as indicated by a maximum deflection of
the @ voltmeter. The new @ voltmeter
reading may be called Q.. The anti-
resonant resistance, 1. of the test cireunit
is then:

(30)

L1539 X100 Q.
T Q0 — Q)

NOTES ON USING THE
METER

The type 170-A @ Meter has an oscilla-
tor frequency of 80 me. to 200 me., ac-
curate to =+ 19. The @ voltmeter is
calibrated directly in @, from 80 to 300.
Since the Multiply @ By meter reads from
x1 to x4, the total range is from 80 to
1,200.

Certain precautions are suggested here
in order to assure accurate measurements:

R (51)

170-A Q

Short Leads » Attention is especially called
to the importance of using extremely short
and wide leads (of low inductance and
low resistance) when connecting  coils,
condensers, or other impedances to the
terminals of the 170-A meter for measure-
ments at high frequencies.

As an example, a typical small molded
mica condenser of 25 wuf. nominal capac-
itance when connected to the condenser
terminals with short, ordinary wire leads
<hows a marked increase in effective
capacitance at 200 me., due 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 clectric light and power
lines, eleetric cords, coils, and other ob-
jects may hecome resonant.

If such objects are adjacent to an un-
shielded coil which is being measured in
the ()-Meter, they may affect the indi-
cated  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
() versus frequency.

Under some conditions, the indicated
() 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 UHF 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
fluctuation. A type 162-A constant-volt-
age transformer is available for this
purpose.

A small amount of reaction on the
oscillator output voltage is to be expected
when the @ measuring circuit is brought
into resonance. This is usually of little
importance in the direct measurement of
the @ of a coil. However. in the measure-

SIMPLIFIED, NON-DIRECTIONAL ANTENNA
DEVELOPED BY G.E. WAS SHOWN AT L.R.E.
CLEVELAND CONVENTION

ment of a condenser. it may be of impor-
tance, since such measurements frequently
involve the determination of small A Q
values. Under these conditions, the os-
cillator output should be readjusted to
read x1 (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 @
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 @ 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 @ 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 @ voltmeter is less
stable than the diode vacuum tube volt-
meter. and its zero setting should be
checked frequently to insure best op-
cration.

Terminal and Contact Resistance « The posts
on the Q-meter have been designed to
reduce the capacitance and internal in-
ductance of the @ 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
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 phenry, it is ap-
parent that the terminals of the coil to be
measured must fit the terminals of the
Q-Meter with suflicient accuracy to per-
mit their removal and subsequent re-
placement without changing their effective
inductance appreciably.

Replacing Tubes « In removing and replacing
the oscillator tube, care should be taken
to avoid distorting the tinned copper
strips connected to the grid and plate
clips.

To remove the @ vacuum tube volt-
meter tube, the @ 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 Q-Meter, if the trouble is
not corrected by replacing the tubes, the
instrument should be returned to the fac-
tory for repair.



GROUP SUBSCRIPTIONS
FM MAGAIZINE, 112 E. 36 St., New York City

Please enter the following subscriptions, for
which remittance is enclosed:

Two 1-year subscriptions . . . . . $5.00
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Five 1-year subscriptions . . . . . $8.00
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accepted at the rate of $1.60 each for one year.
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heen added to the title of FM Maguzine? — Answer:
Because the editorial contents have been broadened to

9

cover all phases of radio-electronic engineering and design. 3l



PERFECTING the operation of new radio
or electronic equipment is only the first
part of a development project intended for
use by our Armed Forces.

Final acceptance requires conformity with
the extremely exacting Army-Navy Speci-
fications.

The Browning Laboratories are eminently
fitted by 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 otficial acceptance through
lack of information or misunderstanding
of the complicated details of requirements
under A-N Specifications.

Specializing in the field of military radio-
clectronic applications, engineers of the
Browning Laboratorics, under the direc-
tion of Glenn H. Browning, have the
knowledge necessary to avoid delays in
obtaining acceptance by the Army and
Navy.

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

Available with One to Four Bands
Priced $125 to $185

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 mc. Prices:

tBand.......... $12% 3 Bands......... 8163
2 Bands...coeen 145 4 Bands......... 18%




No. 8565-A Victory Model Single-Unit FM
Mobile Emergency 25-Watt Transmitter and Receiver

FROM EVERY ANGLE

BUILT TO MEET ALL THE NEW NEEDS
OF WARTIME EMERGENCY SERVICE

HE same engineering
T"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 of 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

Sales Offices:
5334 Hollywood Blvd., Hollywood, California
2040 Grand River Ave. W., Detroit, Michigan
310 Fifteenth St., Denver, Colorado



@

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, ¢nables 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 assurc the protection of

lives, homes, and factories in this area.

THESE LINK-EQUIPPED FM STATE-WIDE POLICE SYSTEMS NOW SERVE THE ATLANTIC SEABOARD

CONNECTICUT MARYLAND NEW YORK
DELAWARE MASSACHUSETTS VIRGINIA
NEW JERSEY

THE BEST-EQUIPPED MUNICIPAL POLICE SYSTEMS ALSO USE LINK EQUIPMENT EXCLUSIVELY

“Jhe Difficult we do Immediately —
Jhe Impossible takes a little longer”

Engineer * Manufactures

‘ Fred M. Link 125 west 17th st New vork, N.v.

Telephone: CHELSEA 2-3838






