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RAYTHEDN ruses REcoMMENDED

Chris-Craf1, world’s largest maker of speedboats, cruisers and motor ?

yachts, has a line of new streamlined beauties on the drawing boards
that are sure 1o be scen on every lake and river in the peacetime years
10 come. Their refinements, as compared with prewar models, are
almost oo numerous to count ... and one of the most important
available accessories is ship-to-shore radio, for which Chris-Craft will
recommend famous Raytheon High-Fidelity Tubes.

Radio equipment for marine use must be able to take plenty of
battering abuse. and Chris-Craft's recommendation of Raytheon
Tubes is based on their splendid wartime performance under the
most gruelling baitle conditions on land, sea, and in the air.

The moral of this story for vou. the radio service dealer, is that
Raytheon Tubes, capable of absorbing the punishment of war, are the
best bet for giving your customers the dependable, rich reception they
rely on you to provide. Their congistent performance . . . plus a post-
war Raytheon merchandising prograns that will revolutionize the radio
service industry . . . are the two big reasons why you should feature
Raytheon Tubes nowe!

Increased turnover and profits . . . easier stock control . . . better
tubes at lower inventory cost . . . these are benefits which you
may enjoy as a result of the Ravtheon standardized tube type
program,chich is part of aur continued planning for the future.

Raytheon Manufacturing Company
RADIO RECEIVING TUBE DIVISION
Newton, Mass. * Los Angeles * New York * Chicago ¢ Atlanta

s
ﬁn‘g Lisdon 2o
\ Shi SoAE mavC
All Four Divisions . ~ - AMERICAN BROADCASTING CO.
IN e b Aty gt PeoleleZy Copit o Coan
ELECTRONIC AND RADIO TUBES

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES FOR THE NEW ERA CF ELECTRONICS
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design
calls for

ik

When time is of the utmost importance the ease and precision
with which Mykroy can be fabricated into insulator parts makes
it exceptionally useful to electronic and electrical engineers.
Make those design changes on the spot . . . make them quickly
and economically with Mykroy, for, here is a ceramic which can
be worked in your own shop. Just transfer your design to the
Mykroy sheet . . . then using conventional shop tools . . . pro-
duce the desired part by simple cutting, grinding, drilling, tap-
ping and polishing techniques.

Because it has high structural strength and physical stability
Mykroy can be machined to critical tolerances more readily than
other types of ceramics. In addition, its electrical characteristics
are of the highest order and do not shift under any conditions
short of actual destruction of the insulation
ifself. This, plus excellent chemical and
physical properties, makes it one of the best
insulating materials ever developed for
general and high frequency applications.

7'
MYKROY
Potered vae

—
Waionam, fo VTS
—_—

Get the full focts about this versotile dielectric now.
Ask for a copy of the new MYKROY BULLETIN 102
which describes the new larger (191" x 293"} sheet
now available and call upon our engineers tc help
with your problems.

MADE EXCLUSIVELY BY

s

70 CLIFTON BLVD., CLIFTON, N. J

MYKROY IS SUPPLIED IN SHEETS AND RODS — MACHINED OR MOLDED TO SPECIFICATIONS

1945

* MAY,

CHICAGO 47; 1917 N. Springfield Ave., Tel. Albany 4310
EXPORT OFFICE: 89 Broad Street, New York 4, New York

A representative gravp af parts fabricated in Mykroy to

custamer's specifications in our awn plant.

complete facilities to produce such parts in any quan-
tities on rapid delivery schedules.
fications.

MECHANICAL PROPERTIES*
MODULUS OF RUPTURE.................. .18000-21000pst
HARDNESS

Mohs Scale 3.4 BHN. BHN 500 K9 Load. 63-74
IMPACT STRENGTH........ ASTM Charpy .34-.41 #. ibs.
COMPRESSION STRENGTH .42000 psi
SPECIFIC GRAVITY...... e 2.75-3.8
THERMAL EXPANSION. .000006 per Degree Fahr.
APPEARANCE.. ............ Brownish Grey to Light Tan

ELECTRICAL PROPERTIES*

DIELECTRIC CONSTANT........cooooiiiiiine 6.5-7
DIELECTRIC STRENGTH ("%} .._.._....630 Voits per Mil
POWER FACTOR............. 001-.002 {Meets AWS L-4)

*THESE VALUES COVER THE VARIOUS
GRADES OF MYKROY
Best for low loss requirements.
Best for low loss combined with high me-
chanical strength.
GRADE 51. Best for molding appllcations.
Speclal formulas compounded for special reauirements.

GRADE 8.
GRADE 38.

024

oo 1

S T 111
5 04 i Tt HitH
< o0 L ImEEN L
2 oosl_| || L
s I TTTI
.002 1981 11 |
] i 00.

s 0.
MEGACYCLES AT 70" F

Based on Power Factor Measurements made by
Boonton Radio Corp. on standard Mykroy stock.
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How electronics helps tell a knock from a boost...

THE MIT-Sperry Detonation In-
dicator is an engine instrument
that discriminates between normal
and abnormal combustion.

Through an electronic pickup, it
instantly detects detonation—popularly
called knocking or pinging—in most
types of internal combustion engines.
And it gives immediate evaluation of
detonation.

As a result, warning is given at the
time trouble starts . . . engine life is
lengthened . . . mixture may be ad-
justed so that considerable fuel is
saved . . . and the period between
engine overhauls is extended.

No piercing of engine cylinders is
required. Yet even the slightest de-
tonation is signalled visually,and the
faulty cylinder or cylinders spotted.

Use of the MIT-Sperry Detonation
Indicator on airplanes results in re-
markable fuel savings, longer engine
life, greater safety.

The same is true of surface trans-
portation which employs internal
combustion engines.

Engine manufacturers find thisin-
strument an invaluable aid in design-
ing and testing. It also permits de-
velopment of fuels exactly fitted to
engine characteristics, thus increas-

ing power output and lowering fuel
costs. Also with the Knockometer, a
special application of the Detonation
Indicator, fuels with superior anti-
knock characteristics can be devel-
oped and their quality production
controlled.

Since 1937, Sperry engineers have
been working on the perfection of a
detonation indicator. This is but one
of the many fields in which Sperry
has pioneered in the field of elec-
tronic development.

Additional information on the
MIT-Sperry Detonation Indicator is
available on request.

SPERRY GYROSCOPE COMPANY, INC. crcar neck, n.v.

» Dewesion a/ (e ‘%maby Corfroralion

*

LOS ANGELES - SAN FRANCISCO - SEATTLE - NEW ORLEANS
CLEVELAND -

BROOKLYN - HONOLULU

D AT A D A TTE O T CONMDITTATION T Y, IR CRIAN
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Sanford R. Cowan. ... Publisher CONTENTS

COVER

Radio Operator”. From a painting by Lt. Philip Santry, Head-
quarters, AAF, AC/AS-Training, Technical Aids Division. One of
a series of illustrations to dramatize the importance of specialists,
such as radio operators. These are being prepared under the super-
vision of Lt. Col. Jesse H. Mason, Chief, Illustrations and Format
Branch. Col. George W. Pardy is Director of the T. A. Division
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records heretofore considered poor recordings
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“I TELL YOU I'M NOT CRAZY. ALBION CAN SHIP US
ALL THE COIlLS WE NEED.”

SUPER-QUALITY COILS AT REASONABLE PRICES

More and more every day, the industry is turning to Albion
for fast, quality and quantity production of coils, chokes,
and transformers. That’s because here you benefit from

‘) EORE (TN
the unbeatable combination of management “know how,” ‘ ° I L ‘ ° M p

skilled workmanship, streamlined facilities, and central ALBION. ILLINOIS
location. Your requirements will be given prompt and B E Ales. Tpm s BT |'NG cOlLS AND CHOKES)
thoughtful attention. i. F. TRANSFORMERS
4 MAY, 1945
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To assist the equipment designer Federal offers com- ductor and dual coaxial, air-spaced, low capacitance

prehensive data on high frequency cables. lines, and antenna lead-in wire ... there’s a right
This technical information sheet provides the design- type for your job, backed by the built-in superiority

engineer with pertinent electrical and physical that’s a tradition with Federal.

characteristics...including impedance, capacitance, Special developments in flexible low-loss cables

attenuation, diameter, materials, and weight «OER,, by Federal have resulted in superior cables for

] . . /. .
- . . for Federal’s wide variety of high-frequency [+ o) all types of transmission. For a betier job, see
. H

K';; ./ Federal first.
A, ! i
JONE &

- Write for your cable information sheet today.

cables.
Single and double braid, armored, dual con-

[RADIO] * MAY, 1945 -]
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Transients

PATENT POOLS

* The announcement that on July 1, 1945, all licenses
issued by the Radio Corporation of America under the
United States patents of Philips, will terminate. is of
vital concern to all radio engineers and manufacturers.
With the exception of RCA. General Electric and
Westinghouse. who retain non-exclusive licenses. all
other manufacturers who desire to use these patents
will have to arrange for licenses. Because practically
all radio communications equipment is said to incor-
porate principles covered by Philips patents. this means
that a thorough investigation of the patent situation
is necessary before any receiver manufacturer, not al-
ready covered. gets into civilian receiver production.

Concurrently with this announcement appears a
statement from the \War Production Board that their
Radio and Radar Industry Advisory Committee has
unanimously approved a proposal authorizing limited
civilian radio production as soon as military require-
ments fall below 90 per cent of the average monthly
delivery rate for the first quarter of 1945.

There is grave danger that reconversion may be
hindered by this patent situation. Furthermore, un-
doubtedly there are many other European organiza-
tions, now unable to get into civilian radio production
because of the widespread devastation in Europe, who
may want to issue licenses to American manufacturers
but who have no rapid and satisfactory means of
reaching the proper American prospects for their pat-
ents.

The automotive business has found the solution to
a complicated patent structure in the formation of a

patent pool. While the radio industry has gotten along
very well until now with the present setup. the new
factors which have presented themselves as the result
of the war complicate the situation and may cause seri-
ous confusion. By organizing a patent pool whereby all
patents of independent companies. here or abroad. may
be licensed by a single source, and the royalties pro-
rated to those who contribute them. the entire setup
could be enormously simplitied.

Perhaps there are other solutions to this problem.
but in any event something should be done. and quickly.
if we are to take advantage at the earliest possible mo-
nient, of getting back into civilian radio production.

AMBROSE FLEMING

* \Vith the death of Sir Ambrose Fleming on April
19th. the world loses the last of its pioneers in the de-
velopment of wireless telegraphy, as well as a famous
physicist, engineer, and inventor. Fleming’s text on
electromagnetic wave phenomena is familiar to all phys-
icists, but his invention of the diode is perhaps of fore-
most importance among present-day engineers.

Sir Ambrose was 95 years old. He wrote one of the
first important books on radio telephony, which was
used widely as a text in the early days of radio. During
the period from 1892 to 1934 his writings are reported
to include ninety significant contributions to the scien-
tific field.

He was born at Lancaster. England. in 1849, and
educated at University College. the Royal College of
Chemistry. and at St. John's College in Cambridge.

—J.H. P.

MAY, 1945 *
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Some day vou'll see the multiplexing of FAM and

Finch Facsimile... five-column newspapers and

audio programs sent simulitaneously by radio
over one channel to mass circulation homes!

Over-eugerness for postwar products can lead to costly errors. It is altogether
probable that so long as American armed forces need equipment and supplies,
some of the leading, ablest, most essential manufacturers will devete their facili-
ties to war rather than civilian requirements. Buying too soon may be a capital
blunder. In matters of facsimile communication, we remind our friends that
strong Finch patents cover nearly every phaseof the facsimile field. Wait and see!

< T p——p
[ L o S

SELF SYNCHRONIZING

facsimile

Finch Telecommunications, Inc., Passaic, N. J. ° New York Office: 10 East 40th Street, New York 16, N. Y.

[RADIO] * MAY, 1945
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Communication with, or batween, mov-
ing vehicles becomes mcre important
as this Age o: Speed advances. Every
factor is vital which promotes clarity of
transmission. When trains, taxis, ships
and passenger cars can contact each
other or their “home stations’ at will,
Amphenol Cable Assemblies, Connec-
tors and Sockets will do their share to
p-ovide good electrical con-
tact within the equip-
ment, Atmospheric
and static condi-

AMERICAN

www americanradiohistorv com

tions excepted, successful radio com-
munication in transit depends largely
on low-loss stability and good design
of the equipment's component parts.
The name "'‘Amphenol’’ indicates to the
user that they have been designed,
made and tested to give the best possi-
ble service in spite of interference, vi-
bration and moisture. Detailed techni-
cal information on all Amphenol prod-
ucts in which you may be interested is
available and will be sent on your
request—ask for Catalog Section D.

PHENOLIC CORPORATION
Chicago S50, Illinois

In Canada ¢ AMPHENOL LIMITED ¢ Toronto

U.H.F. Cables and Connectors —Radio Parts —Cable Assemblies
Conduit—Cannectors {A-N and British) —Plastics for Industry

MAY, 1945 x
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26A
pe PULSE O0SCILLATOR

VERY-H\G

The Hytron type 2C26A is @ speci
is designed and

:_.si-\ﬂi
v A} Transconductancc ..........
HYTR OA\I' Direct Intere\cctrodc Capacitances
o Direct IO D 9.8 mmi.
.............................. 2.6 mm

MADEINUSA-
O e

g !m N IYP(;-‘.’M k
¢ JVERASE PATE o |
%ol GRID CMARAC Y eAsTIES " 3
B Heuter Poth 1'!163.17"‘.! I3
: f 4 » 800 _~
. -~ Type L cooling. -+ sedbate shell octal Convection
Base. .ot e Intermediate shell octal 8-pin pheno\'\c
Top Caps. -~ Skirted miniature with insulating bushing
oo ST T9
aximum overall dimensions
...................... Edh 3114 inches
........ 314 inches
154, inches

P P e
oo 700"
AATE PoTENTIAL (£6 ) 1N WOATS
£ ARMY

2¢26A |

MmAILN OFFlCE: SA\.EM, MASS
WBURYPORT,BEVER\.Y&\.A

PLANTS: SALEM, NE
FORM
ERLY HYTRON CORPORATION
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Just write us, on your
letterhead, for your copy
of this valuable booklet

on permanent magnets

@ As a service to industry,
The Arnold Engineering Com-
pany is “‘lending a hand" in
the distribution of what Arnold
engineers believe to be a very

informative study on the subject of permanent magnets.

This 39-page book of permanent magnet theory, de-
sign data and references was published by the govern-
ment. Arnold is pleased to make it available to you free

of charge and without obligation. Write for it today!

THE ARNOLD ENGINEERING (OMPANY

147 EAST ONTARIO STREET, CHICAGO I, ILLINOIS

Specialists in the Manufacture of ALNICO PERMANENT MAGNETS

10 MAY, 1945 * [RADIO)
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ACH Aenwonces &5 Hew

195 VoLTOHMmYST

€LeCTaom VOLTMETER

‘@ OHMS
, ADJ
VourOumysy

SEL}:CTon

v
VOLYS OLYS VOALCYS

ONMS

Send! foo Sulboiin :

A special bulletin showing and fully describing this new
improved version of the well-known VoltOhmyst is now
being printed. Fill in and return the coupon for your copy.

Comden, N_ J.

Naome

TEST & MEASURING EQUIP, SECT. 126%
Radio Corporation of Americo

Street Address

City & State

12

IMPORTANT NEW
FEATURES

BUY MORE WAR BONDS

RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION « CAMDEN, N. J.
In Canada, RCA VICTOR COMPANY. LIMITED, Montreal

MAY, 1945 * [RADIO
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Pioneer FM station uses BLILEY CRYSTALS

When Major Armstrong’s
station “W2XMN went on the air
from Alpine, New Jersey on July 18,
1939, radio history was in the mak-
ing. This first FM transmitter to be
put in service, built by REL, em-
ployed the Armstrong crystal-con-
trolled phase shift modulation.

Bliley crystals are doing an excellent
job in this outstanding pioneer FM
installation.

For advanced engineering it is al

CRYSTALS

MAY, 1945

[RADIO] *

ways worthwhile to specify Bliley
crystals. An outstanding example of
this is the discovery and develop-
ment by Bliley engineers of ACID
ETCHED CRYSTALS". This tech-
nique was an established part of
Bliley production before Pearl Har-
bor. It is now recognized as a pre-
requisite to dependable service in
military equipment.

It is a good habit to consult Bliley
engineers when new developments
are in the making. Our specialized

www americanradiohistorvy com

engineering can often be of real
assistance toward solution of your
design problems. This kind of serv-
ice has made Bliley the foremost
producer of quartz crystals for ama-
teur and commercial radio in peace-
time and for our armed forces in
time of war.

*Acid etching quariz crystals to frequency s a
patented Bliley process. United States Patznt
No. 2,364,501.

Do more than before...

buy extra War Bonas

BLILEY ELECTRIC COMPANY
UNION STATION BUILDING

ERIE, PENN.

13
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SEND FOR BULLETINS

1210 TAFT BLDG., HOLLYWOOD 28, CALIF,
250 WEST 57 STREET, NEW YORK 19, N. Y.
IN CANADA: NORTHERN ELECTRIC CO.

14

KEEP OFF
THE

B oo

WITH THE
DUPLEX SPEAKER

The very objectionable
concentrated beam at high
frequencies in sound repro-
duction is eliminated by the
Duplex Speaker. Even at
15,000 cycles plus, the
DUPLEX speaker distributes
high quality sound 60 de-
grees horizontally and 40
degrees vertically as com-
pared to the 5 degrees of
single unit speakers of com-
parable size. Another rea-
son why the DUPLEX is the
SPEAKER that REVOLU-
TIONIZES the methods of
sound REPRODUCTION.

LANSING CORPORATION

TECHNICANA

ANODE DECOUPLING CIRCUIT

* Some of the advantages and dis
advantages of the resistance-capacitance
filter commonly used in the plate circuit
of vacuum tubes are pointed out b
K. R. Sturley in the March, 1945 issue
of Electronic Engineering.

The commonest reason for employ
ing a resistance-capacitance filter (R,
C,) in the plate circuit of a tube is to
reduce the possibility of regeneration or

| degeneration in an amplifier, due to the

fluctuating currents flowing in the com-
mon impedance of the power supply
filter.

Anode Decoupling Circuit

As is well known, however this
R.-C; decoupling network can be em-
ployed to increase the low-frequency
amplification above that of the middle
frequencies. The total plate load, ex-
cluding the effect of the coupling con
denser C. and the grid-leak R,. consists
of the plate load resistor R, in series
with the parallel connection of R, and
C.. As the frequency decreases, the
impedance of the R,-C, decoupling net-
work increases so that the total plate
load increases, with a consequent in:
crease of amplification.

Moreover, it is further well known
that the attenuation and phase charac
teristics of the decoupling circuit can
be so chosen as to be the reverse of
those of the cathode biasing circuit
(R:-C.), so that the attenuation and
phase distortions of the latter can be
completely compensated {for by the
former.

The foregoing statements are heard
so frequently without their necessary
qualifications, that it makes the author’s
precautionary note so welcome.

For the preceding to hold, it 1s first
necessary to assume that the reactance
of the coupling condenser C. is small
compared with the resistance of the
grid leak R, and can therefore be dis-
regarded. It is further necessary that

www americanradiohistorvy com

the resistance of the plate load resistor
R, and that of the decoupling reésistor
R, both be small in comparison| with
the plate resistance R, and the grid.
leak resistance R,. It immediately be
comes obvious that the low frequenc
compensation or accentuation of this
type is unsuited for triodes, because of
the excessive amplitude distortion that
would result.

This circuit is useful, however, when
tetrodes or pentodes are employed.
further restriction is that the decoupling
resistor R, be large compared with the
plate load resistor R,. The sphere of
usefulness for low trequency compen-
sation of this circuit is limited to special
tvpes of amplifiers, for example, a video
frequency amplifier where, because of
high frequency considerations, the plate
load resistance may be of the order of
3,000 ohms.

EVOLUTION OF THREE-PHASE
60-CYCLE SYSTEM

* The rise and fall of direct current
and the consequent rise of alternating
current makes for most interesting read-
ing as described by T. J. Higgins in
the February, 1945 issue of the Ameri-
can Journal of Physics.

To most of us it will come as a sur-
prise to learn that Edison was not the
first to erect and operate central sta.
tions; that successful alternating cur-
rent systems preceded Edison’s three
wire direct-current transmission sys-
tem; and that illumination by arc lights
were successfully used almost ten years
before Edison’s crude incandescent
lamps.

Gramme, in the early 1870’s, sold d-c
generators, which were used in con
junction with the “candle” (arc light)
invented by Jablochkoff in 1876. Then,
in 1878, one of the first successful com-
mercial applications of alternating cur-
rent occurred with the cojoining of the
JTablochkoff arc lamp and the new
Gramme a-c generators.

At the same time, Brush developed
his constant current system and, after
an initial commercial installation in
San Francisco, Brush began operation
of his d-c system in lower Manhattan
in 1880. Several other concerns had
installed systems for arc lighting and
were ready to offer Edison formidable
competition when he opened his Pearl
Street station in 1882. Because of its
many superior features, incandescent
lighting quickly replaced arc lighting
as a general illuminant.

Although Edison’s complete public
power system of September 4, 1882 was
the first in America, it should be re-
membered that this postdates the pub-
lic systems in England, namely those
at Godalming and Surrey in 1881, and

[Continnued on page 14]
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SENSITIVITY

CONTACT
PRESSURE

DEPENDABILITY

DURABILITY

COMPACTNESS

VERSATILITY l

® When you need a relay that’s sensitive enough to
operate on minute current, yet has the high contact
pressure needed for perfect closure, you'll find the Auto-
matic Electric Class “B” Relay worth investigating.

If you need a relay that will switch many circuits, yet
is compact enough for multiple mounting in small
space, you'll find Class “B” the perfect solution.

Or perhaps you are interested in extra durability,
for long service under tough conditions. Then you’ll
need the in-built quality for which Class "“B” has
become famous.

No other relay—even in the Automatic Electric line—
can give you a greater combination of all these essential
qualities. Get the full story on Class “B”—one of the
forty basic types described in the Automatic Electric
catalog. Ask for your copy of Catalog 4071.

AND OTHER CQ*HTRDI. DEVICES i

AUTOMATIC
ELECTRIC

PARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED

RADIO] * MAY, 1945
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— in Greatest Combination

THE NEW AUTOMATIC ELECTRIC CLASS B’ RELAY

CHECK THESE FEATURES
of the New Class "B’ Relay

IJ" dent Twin Cont

contact closure.

ts—for dependabl

Efficient Magnetic Circuit=—for sensitivity
and high contoct pressure.

Unique Armature Beoring—tor long wear
under severe service conditions.

Compact Design—for important savings in

space and weight.

Versatility—Avoilable for coil voltages to
300 volts d-c ond 230 volts a-c, and with
capacities up to 28 springs; olso with
mognetic shielding cover, when specified.

No other relay can give you
a greater combination of
all these essential qualities.

AUTOMATIC ELECTRIC SALES CORPORATION
1033 West Van Buren Street ¢ Chicago 7, lllinois

in Canada: Automatic Electric
{Canada) Limited, Toronte
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Send For CO
RADIO

NCORD'S New

—

BUYING-GUIDE
s Free/ 1§ .

% Many parts available with-
out priorities, for immediate
shipment from CHICAGO or

ATLANTA.
% BUYING-GUIDE

latest revised listings of

standard lines.

% Also contains 16-page Spe-
cial Bargain Section of many
scarce parts—all

quality, all
values.

% Save time. Order everything
you need from ONE source.

exceptional

includes

standard

HUNDREDS OF PARTS LIKE THESE [t
Many. Available Without Priority

Power Transformer

Pri. 110,200,220, 240
Volts 50-60 cycles. Sec.
6.3@1.4&A.5Vs@ 2A.
376 Vet. @ .025

A. 5B5016. . . 395

I. F. Transformer

10 Megacycle . F. Trans-
former in heavy alumi-
num5 cobnl.‘ %vixe: 33’/4" H,
11 4

1%" D, 585017 295

p———

Telephone Switch

Lever type switch D.P.
D.T. No knob supplied.
Dull black finish with

chrome plated
fever, s84086.. D9C

Phone Jacks

Switchboard type 2 cir-
cuit normally closed.
Takes standard tip and

sleeve plug. 49C

586927

RADIO CORPORATION

Lafayette Radio Corporation

CHICAGO 7, ILL.
901 W. Jackson Blvd.

16

ATLANTA 3, GA.
265 Peachtree Street

CONCORD RA, s mfn}n?ﬂ- nm y u
W W, JACIT0B ¥ [T RALS um.o;‘o
e 34

Mail Coupon NOW

Concord's great, new 68-page Buying-
Guide includes latest 1945 Revised
listings of standard lines of Condens-
ers, Transformers, Resistors, Tubes,
Test Equipment, Repair and Replace-
ment Parts, Tools, and hundreds of
other essential items. Page after page
of top-quality radio and electronic
parts, and a special 16-page Bargain
Section offering hundreds of hard-to-
get parts at imporctant savings. Mail
coupon now for your FREE copy.

Quick Shipment
from CHICAGO or ATLANTA

Concord carries vast stocks. Concord
ships to you at once from the nearest
shipping warehouse, CHICAGO or
ATLANTA. Concord invites you to
coansult our technical experts on special
requirements. Concord can expedite
any “essential” order and speed action.
Concord now serves the United States
Goyernment, Institutions, Industry—
and can serve YOU, whether you want
one part or a hundred. Telephone,
wire, or write your needs.

CONCORD RADIO  uco. 1
CORPORATION “ofo
4

901 W. Jackson Blvd., [}
Dept. F-53, Chicago 7, Ill. r
Please RUSH FREE copy
of CONCORD'S new 68-
page Buying-Guide and Revised Listings.

4pr\©

[ SR S P P g
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|Continued from page 14]

at Brighton in February 1882. and in
London about the middle of 1882.

The size of the conductors needed to
maintain the voltage fairly constant at
a distance was prohibitive, and Edison’s
installation in July 1883 of the three-
wire system alleviated this condition to
some extent.

The alternating-current distribution
system developed by Zipernowski, Deri,
and Blathy, and emploved as a prac-
tical commmercial system in Hungary in
1885, is essentially the same as that em-
ployed today.

Then, mn 1886, the \Vestinghouse
Electric Company, which had been
formed the same vear, started the dis
tribution and sale of alternating cur-
rent based on the Stanley svstem, which
involved the generation and transmis-
sion of a-c power at high voltage,
reduction of the voitage at the loarl
points by using paralleled step-down
transformers, and distribution to loads
which paralleled the low-voltage sec-
ondaries.

The Edison Electric Light Company
in various ways tried to prevent the
spread of alternating current, despite its
conceded supertority to direct current.
Finally, electrical manufacturers not af-
filiated with the \Vestinghouse Com
pany, together with the Edison Electri
Light Company. merged and became
the General Electric Company in 1892.
A pooling of alternating current patents
hetween General Electric Company and
Westinghouse then occurred, and from
that time forward rapidly decreased in
favor, so that today less than one per
cent of the total electric power genera
tion is direct current.

In the early development period of
alternating current systems a consider-
able conflict arose regarding a standard
frequency, which at one time or an-
other was 1331/3. 125, 831/3, 662/3
60, 50, 40, 30, and 25 cvcles. Eventually
the field was narrowed down to just
two standard frequencies, namely 2§
and 60 cycles, and for a time it appeared
that 25 cycles was to become the victor
in the “battle of the frequencies.” But,
with the development of improved
equipment designed for 60-cycle use.
the 60-cycle standard rapidly gained
ground, and just before the twenties
became definitely a victor in the race.

A similar “battle of the phases” also
occurred, there being powerful pro.
tagonists for both two-phase and three-
phase systems, with victory finally be-
ing accorded to the latter.

As to the future, in view of the bit

[Continued on page 18]
MAY, 1645 *
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WEAVING COMMUNICATION RIGHWAYS

DESIGN
FINDS THE IDEA i GIVES IT FORM

RESEARCH

DEVELOPMENT V 4B ameeas SPECIFICATIONS
MAKES IT WORK TELL THE FACTORY

BELL TELEPHONE LABORATORIES

brings together the efforts of 2000 specialists in telephone and radio communication. Their
wartime work has produced more than 1000 projects for the Armed Forces, ranging from carrier
telephone systems, packaged for the battle-front, to the electrical gun director which helped
shoot down robots above the White Cliffs of Dover. In normal times, Bell Laboratories’ work

in the Bell System is to insure continuous improvement and economies in telephone service.

(- =L
." %
\
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ONE CENTRAL SOURCE FOR

Leading MWakes of
RESISTORS = RHEOSTATS

STOCKS ON HAND FOR

Tmmediate Deliverny

9/‘OU get the very type of units you re-
quire . . . in the shortest time possible

. from Allied. All the well-known
makes such as OHMITE, MALLORY,
IRC, CENTRALAB, and SPRAGUE are
concentrated here under one roof. In stock
are fixed, adjustable, precision resistors
—rheostats—potentiometers—volume
controls—for all kinds of applications.
This complete, centralized service sim-
plifies and speeds procurement for in-
dustry, government and
laboratories. You save
hours, days and effort.

Thousands Call ALLIED First
Write, Wire or Phone
HAYmarket 6800

Helpful
BUYING
GUIDE

Available
on Request

Write for it!

|

EVERYTHING IN
ELECTRONICS & RADIO
It's faster, simpler to
get all your electronic
andradiosuppliesfrom
this one central source.
We carry the largest
and most complete
stocks of parts and
equipment under one
roof . . . ready for im-

mediate shipment.
Our close contact
with all leading man-
ufacturers aids pro-
curement. Engineering
service is available.

ALLIED RADIO

CORPORATION

833 W. Jackson Blvd. Dept. 14-E-5 Chicago 7,

Ilinois

SUPPLIERS OF ELECTRONIC PARTS AND EQUIPMENT TO INDUSTRIAL AMERICA

Electronic Tubes, Rectifiers, Power Supplies, Intercommunicating Systems, Sound Systems, Photo-Cell Equip-

ment, Batteries, Chargers Converters. Generators, Supplies for Resistance Welders, Fuses, Test Instruments,

Meters, Broadcast Station Equipment, Relays, Condensers, Capacitars, Resistors, Rheostats, Transformers,
Switches, Coaxial Cable, Wire, Soldering lrons, Mlcrophones Speakers, Technical Books, etc.

wWww americanradiohistorv com
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[Continued from page 16}

lions of dollars of invested capital in
three-phase 60-cycle alternating current
systems, and even if some highly revo-
lutionary method of generation and
distribution were to be evolved, which
appears unlikely, it would appear that
our present a-c system is going to be
with us for a long, long time. Don’t sell
it short.

FM CONVERTER

he Hallicrafters Company of Chi
cago, manufacturers of high frequency
radio and electronic equipment, recent:
ly revealed details of the two FM con-
verters which were the subject of much
discussion at the recent FCC hearings
in Washington. These converters, one
a three-tube model which includes a
power supply and the other a one-tube
device, will enable pre-war FM sets t
receive stations in the proposed new
FM band from 84 to 102 megacycles.
When the Federal Communications
Commission first announced its inten-
tion of moving FM from the pre-war
position between 42 and 50 megacycles
to the higher band where it would be
free from long distance interference and
would have adequate room for expan-
sion, opponents of the move argued that
all existing FM receivers would be
made obsolete as it would be impractical
or impossible to adapt them to the new
frequencies.

Three-tube converte.

The Hallicrafters Company stated
that, from its long experience in pio-
neering on the very high and ultra
high frequencies, it was convinced that
the Commission’s proposal was sound
and that none of these alleged difficul-
ties would prove insurmountable. A
representative of the company testified
to that effect at the hearings. Subse-
quently, at the request of the FCC,
Hallicrafters engineers designed and
built experimental models of both con-
verters.

The three-tube model which was dem-

[Continued on page 58]
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SYLVANIA NEWS

ELECTRONIC EQUIPMENT EDITION

MAY

Published by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa.

1945

SYLVANIA'S CHART AIDS
STANDARDIZATION OF TUBES

Reference List Recommendations

" Reduce Radio Tube Types

S an aid to the standardization of |

4 X radio receiver tube types, Sylvania
has prepared the chart reproduced helow
—another item in Sylvania’s long-time
program of technical assisiance 1o the
radio industry.

The number and variety of tube types
have grown’ in recent years, and this
trend has intensified war scarcities.

Naturally, it would seem to be advan-
tageous to radio set manufacturers to
further standardize tube selection and
limit their variety. This would probahly

meet with approval in many parts of the |

radio industry, particularly amoeng radio
servicemen since they are in an active
position when it comes 1o tube replace-
ment and general radio set repairing.
(An indication of their opinion con-
cerning tube types was revealed in Syl
vania’s survey in which 90.5% of the
servicemen (uestioned said they would
prefer fewer and simpler tube types.)
This handy reference chart will help
smooth some of the wrinkles of the prob-
lem and act as a future guide. Write for
it to Sylvania Electric Products Inc..
500 Fifth Ave., New York 18, N. Y.

Double Triode Tube
Has Two Uses

Acts As Converter

Or A.mpliﬁar

Sylvania’s new high mutual conductance
double triode tube—Type 7F8—is de-
signed for use at frequencies up to 300
or 400 Mec.

With precautions the two sections may
be used separately, saving space and the
number of tubes required for a given
performance since all the elements ex-
cept the heaters are independent.

The cascade operation thus made pos-
sible is useful in u-h-f grounded grid and
cathode follower amplifier service. It may
also he used asa push-pull u-h-f amplifier.

SYLVANIAN ELECTRIC

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, ACCESSORIES; INCANDESCENT LAMPS
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Complex, sensitive instru-
ments are a commonplace not
only in the engineering laboratories but
on the production lines of Connecticut
Telephone & Electric Division. These
instruments enable us to maintain the
extreme precision in telephone equip-
ment and electronic devices called for
by Signal Corps standards. So impor-
tant is this high precision that we

MEASUREMENT BY TIME
SIGNALS...Using U. S. Govern-
ment radio time signals of infi-
nite accuracy as a basis, this ap-
paratus permits onr engineers 1o
"test onr own test instruments”
for the ultimate in engineering
and production-line accuracy.

WHY WE MEASURE OUR OWN “YARDSTICKS"

have special apparatus for measuring
the accuracy of the test instruments
themselves.

The result of this constant testing
and retesting is better products. . . better
telephones, headsets, switchboards and
other devices, for our armed forces, a
better, brighter future for your com-
municating systems, electrical and
electronic equipment for tomorrow.

CONNECTICUT TELEPHONE & ELECTRIC DIVISION

GREAT AMERICAN INDUSTRIES, INC.+« MERIDEN, CONNECTICUT

TELEPHONIC SYSTEMS o SIGNALLING EQUIPMENT ¢ ELECTRICAL EQUIPMENT ¢ HOSPITAL
AND SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS ¢ IGNITION SYSTEMS

20 MAY, 1945 %
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All over the world—on the Western Front, in
the humid tropics or polar wastes to the arid
desert regions—the value of Jefferson Trans-
former quality is demonstrated daily in a variety
of vital services to our armed forces. Despite the
tremendous need occasioned by this round-the-
world war activity, the principle of Jefferson’s
quality-with-juantity is consistently maintained.

Magnified demand from the military as well as
essential war industries during the past few years,
has resulted in far-reaching transformer develop-

ments and methods of production. New needs, .1.
and many new applications have built up a great fund of technical A |
kncwledge that Jefferson Electric will use in serving the increased ‘ iz

industrial demand of the great new peace era. ] e |
This vast reservoir of added experience assures you that Jefferson l

Electric Transformers will continue, in the future as in the past, |

to offer the same superior service that means dependable, reliable |

performance at all times. . . . JEFFERSON ELECTRIC COMPANY,

Bellwood (Suburb of Chicago), Illinois. In Canada: Canadian

Jefferson Electric Co. Ltd., 384 Pape Avenue, Toronto, Ont.
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“WE USE EIMAC TUBES EXCLUSIVELY
IN ALL OUR LARGER GROUND STATIONS” ,
Says Robert F. Six e

PRESIDENY, CONTINENTAL AIR LINES

o on 20

Below...a pair of Eimac 450-T
tubes in the panel of Continental
ground station sransmitter
built by Wilcox.

ROBERT F. SIN
President
Continental Air Lines

Get your copy of Electronic Telesis. .. the sixty-
Jour page bookles which gives the fundamentals EITEL-McCULLOUGH, INC., 1029 San Mateo Ave., San Bruno, Callf.
of electronles. This little bookles will help elec-

sronic engiheersexplafe the sublect (0 laymres Plants tocated of: San Bruno, Colifornia ond Salt Lake City, Utah
1¢'s yours for the asking ... no cost or obligation. Export Agents: Frozar & Hansen

Available in English and Spanish languages. 301 Cloy $1., San Froncisco 11, Calitornio, U.S. A, 1o

22 MAY, 1945 * [RADIO
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When you need an inductor for any purpose consult Johnson Engineers.
Their files will probably contain a design tor your required inductor, but
if not, they can design one and make it to do your particular job.

Inductor design is quite a special study and no one conductor, no one
insulator, no one type of construction is suitable for every requirement.
Johnson may select a copper tubing conductor to handle high currents in
one design, while edgewise strip is selected in another because of its narrow
width and the ability to get a greater inductance in the same length. Other
conductors are available too, such as solid wire, litz wire, flat strip, square
Bars and special shapes, some plated, some polished and lacquered according
{o their use. In order to make contact to the conductor and bring off taps
Johnson has produced a complete line of clips and connectors for use on
fixed taps as well as sliders and rollers for continuously variable taps.

Insulation requirements very. While steatite or mycalex may be used
for low losses in a certain high frequency coil, plastics may be better for
another because they stand more mechanical shock. Production facilities at
Johnson provide for working any insulating material so the best one or the
best combination, can always be selected to fit the special job.

Johnson inductors are designed and built for efficient operation and
they have high Q. Some are fixed and some are variable. Some designs require
special features such as rounded parts to minimize corona discharges at high
voltages, water cooling, variation of inductance or variation of coupling.

What is your inductor requirement?

OTHER
JOHNSON
COMPONENTS

SOCKETS
CONDENSERS
INSULATORS
PLUGS and JACKS
COUPLINGS

Aok for
Catalog 968-K

a ja-moaj name in Radio
F.JOHNSON COMPANY « WASECA

[RADio] * MAY, 1945
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- Frequency Modulation poses obvious problems in the 1
design and building of loud speakers and loud speaker systems. The = X
answers to these problems are not simple; but research and precise
engineering based on long experience in and knowledge of audio-
acoustics, will result in a complete postwar line of JENSEN : 7
speakers to meet the most particular requirements of FM. T2
Other new and special loud speaker applications will be met
just as satistactorily with other JENSEN postwar products, some
of which will employ the new JENSEN AUNICO 5.

To help the service man, dealer and engineer solve the v

special -problems of FM sound reproduction, Jensen has made 2o
available technical Monograph No. 3, entitled, “Frequency Lo
Range in Music Reproduction.” This Monograph, one of a ;
series of four, is available for 25c. A

Other Monographs
No. 1—"Loud Speaker Frequency—-Response Measurement”
No. 2-—"Impedance Matching and Power Distibution”

No. 4—""The Effective Reproduction of Speech”

§ . : _'....-' < X : : L i 5 : .
£y al 4 *" > '] . - Y
JENSEN RADIO MANUFACTURING COMPANY, 6601 SOUTH LARAMIE AVENUE, CHICAGO 38, ILLINOIS

24 MAY, 1945 * [BADIO]
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*The many arms of the FEDERAL organization are the
arms of a versatile servant . . . making war goods
now and preparing for the new and greater demands

of a world at peace.
L L *

For example, FEDERAL INSTRUMENT LANDING
AND RADIO RANGE equipment is pioneering new
concepts of faster, safer air travel.

FEDERAL’S MEGATHERM dielectric and heat induc-
tion units are revolutionizing production processes
in the plastics, metal, food, plywood, textile and
other industries.

FEDERAL always has made better tubes. Today, as
the result of continuous scientific development,
FEDERAL’'S TRANSMITTING, RECTIFYING AND
INDUSTRIAL POWER TUBES are proving even more
dependable and long lasting.

To fill avital war need, FEDERAL developed INTELIN
ULTRA HIGH FREQUENCY TRANSMISSION LINE —
now is the world's largest manufacturer.

FEDERAL'S MARINE RADIO EQUIPMENT, first in
serving America’s merchant fleet, includes DIREC-
TION FiNDERS, AUTO ALARMS, packaged TRANS-

* MAY, 1945

MITTING AND RECEIVING UNITS and LIFEBOAT
TRANSMITTERS.

Back of every FEDERAL TRANSMITTER are years of
engineering and manufacturing experience which
assure the ability to produce any type or power of
communications equipment from walkie-talkie to
200 K.W. transmitters.

QUARTZ CRYSTALS, precision cut and mass pro-
duced at FEDERAL, are performing many secret mili-
tary jobs.

SELEN1UM RECTIFIERS, introduced by FEDERAL, are
accepted as standard for converting alternating to
direct current. Power equipment and battery charg-
ers, powered by FEDERAL SELENIUM RECTIFIERS,
are known for long life, high efficiency and low cost.

* * *

Yes, FEDERAL’S many arms make many things — all
to one high standard. Here some of the world's keen-
est scientific minds combine their talents with three
decades of FEDERAL leadership for developing and
producing better communications and industrial
electronic equipment.

wwWw americanradiohistorvy com
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nd Sizes
M“TE Many Types :hi Resistor

the Ri
TORS Ass:orreEuC: Control Job

TYPICAL UNITS
Fixed Lug

@ _/"tany critical control problems are being

“ Dividohm "
readily and successfully solved with Ohmite Resistors. That's because Wire Lead
(13 tha??
the extensive range of Ohmite types and sizes makes possible an FCorrllb
. ; errule
almost endless variety of regular or special units to meet each need best. 5
Edison Base
Ohmite core sizes range from 215" diameter by 20" long to %" Precision
diameter by 1” long. Wide selection of stock units are available. Bracket
These rugged resistors have proved their worth under toughest oper- A= Tt
Tapped

ating conditions, in every field of action. Ohmite engineers are glad
. = . & Cartridge

to help on today’s and tomorrow’s control problems.

OHMITE MANUFACTURING COMPANY
4867 Flournoy Street . Chicago 44, U.S.A.

Send for Catalog and En-
gineering Manual No. 40
Write on company letter-

g 2 o ué @ H M " ii E head for this complete,
e belpful guide on resistors,
rheostats, tap switches.

RHEOSTATS ¢ RESISTORS o TAP SWITCHES Address OHMITE, 4867
Flournoy, Chicago 44.

26 MAY, 1945 * [RADIO]
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ADMIRAL CORPORATION
AIRADIO, INCORPORATED
BELL LABORATORIES
BENDIX RADIO DIVISION
BRUSH DEVELOPMENT COMPANY
COLLINS RADIO COMPANY
ECLIPSE-PIONEER DIVISION
FREED RADIO CORPORATION
GALVIN MANUFACTURING COMPANY
GENERAL ELECTRIC COMPANY
INTERNATIONAL DETROLA CORP.
MEMOVOX, INCORPORATED
NATIONAL BROADCASTING COMPANY
PHILCO CORPORATION
RADIO CORPORATION OF AMERICA
REMINGTON RAND, INC.
SPERRY GYROSCOPE CO., INC.
STEWART- WARNER CORP.
WESTERN ELECTRIC CO., INC.

WESTINGHOUSE ELECTRIC &
MANUFACTURING COMPANY

ZENITH RADIO CORPORATION

* MAY, 1945

These companies, leaders in developing and
manufacturing airborne equipment, have dis-
covered in Vibrashock what efficient vibra-
tion control can do when applied to their
products. Operational and maintenance dif-

ficulties have been eliminated.

Consider the conditions to which delicate
ﬂight instruments, gun cameras, airborne
radio and electronic equipment are exposed.
The complex vibration found in the modern
high-powered airplane posed a problem. not

hitherto encountered by these companies.

Robinson engineers were ready with the
solution to this problem, ottering a radically
different method of isolating airborne equip-
ment from vibration and shock — one that
could guarantee better than go% absorption
of vibration throughout the entire operating

range of aircraft.

Let Robinson engineers assist in solving your

vibration problem. e

ROBINSON AVIATION, INC.

730 Fifth Avenue, New York 19, N. Y.
3757 W ilshire Blvd., Los Angeles 3, Calif.

www americanradiohistorv com
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PART 9093-3A

ALSO AVAILABLE
4 OR

IN STYLE B WITH 4
8 TERMINALS STANDARD —-OTHERS

PART 9093-2A

".I"HE Stupakoff Multi-Terminal Hermetic Seals illustrated were de-
veloped primarily for transformer application. They offer excep-
tional advantages to manufacturers concerned with the sealing of

electrical components.

Each seal is individually tested to withstand a minimum pressure
of 30 pounds—electrical breakdown of 3400 volts—insulation resist-
ance of 500 megohms—thermal shock from 94° C to 4° C. Relatively
low in initial cost, the one piece construction eliminates individual
soldering of terminals, resulting in lower handling and assembly costs,

fewer rejects in the finished product.

Stupakoff hermetic seals are made with the alloy,
Kovar,* which matches the expansivity of certain
hard glasses from —-80° to +450° C (approximate
annealing point of the glass). Through a heating pro-
cess, the oxide of Kovar is dissolved into the glass to
form a perfect bond —effective under the most ex-
treme climatic conditions.

For users equipped for glass working, Stupakoff
supplies Kovar as sheet, rod, wire, tubing, or fabri-
cated into cups, eyelets, and special shapes. Com-
pleted seals in many styles are furnished with single
or multiple, solid or hollow electrodes. Write De-
partment K-56 for literature, samples, and deliveries
on positive hermetic seals for your product.

ADE MARK 337962 REGISTERED >IN U ATENT FICE

PART 9093-1A

INSTEAD OF 8 TERMINALS AS SHOWN.

ON SPECIAL ORDER

080 DIA. HOLE

ot

. —}?‘o&o HovAR nook,jp’ ~GLASS
=
| 1 Q HOVvAR

RING
CONSTRUCTION DETAIL
VERTICAL DIMENSIONS SHOWN COMMON TO ALL PARTS

KN
©

l/~"|
| .

ONE PIECE HEADER

Stupakoft pioneered in tke
construction of Multi-Ter-
minal Hermetic Seals. The
illustration at left is
taken from Technical Data
Sheet KV 7 published by
Stupakoff in May 1937.

=

fOR GACAT
ACHIEVEMENT

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.
Products for the World of Electronics

28
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The Picture

with
en Billion

® You see a clearer, more detailed picture on
a National Union Television Tube, because of
the ultrafine grain screen, developed by N. U.
research engineers. It is calculated that the 10”
television picture appearing on the screen of
a National Union cathode-ray tube is repro-
duced on 10 billion crystals.

With this development National Union
scientists have demonstrated that the quality
of the screen—its uniformity, smoothness,
depth and fine-grain texture are just as vital to
high definition television pictures as is the
number of lines received. When projected on

the fine grain N. U. screen, any television pic-
ture, of any number of lines, looks more life-
like, because of its superior halftones and
gradations of light and shadow.

As a leading producer of cathode-ray tubes,
National Union is engaged in ane of the most
extensive CRT research programs ever under-
taken. Today, this N. U. research is helping to
deliver superior radio and communications
equipment for war. Tomorrow, it will con-
tribute its part to the peacetime needs of our
homes and industries. For progress through
research—count on National Union

NATIONAL UNION

RADIO AND ELECTRON TUBES N\

NATIONAL UNION RADIO CORPORATION « NEWARK l2, N. J.

* MAY, 1945
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HOW THE

16 THREE "MICALEX PRODUCTS

tronic Insulation...and Afford New and Wide
Horizons for Post-war Product Improvement

A general purpose insulation, espe-
cially fitced for high frequency appli-
cations; combines low loss factor
with machinability to close tolerances, imper-
meability to water and oil; not subject to dis-
tortion below 700° F. Free of carbonization.
Approved by Army and Navy as Grade L-4
insulation. Fabricated to your specifications.

& P, A series of improved capacitor di-
Q electrics, with dielectric constant
selectable from 8 to 15. Available in
the form of large sheets (14"x18"), or long rods
14" to 1” in diameter. Low- power factor and
high dielectric strength. Ideal for use in equip-
ment with variable capacity. MYCALEX K-
10 approved by Army and Navy as Grade
H1C5H4 Class H material (JAN I-12), Fab-,
ricated to your specifications. .

»’ A low-loss, high temperature injec-
@ ¢ tion molded insulation which can be
formed into intricate or irregular

shapes, with or without metal electrodes or
metal inserts molded in. Adaptable to high
production rates and can be sold at moderate
prices.

We have plant facilities to fabricate MYCALEX parts
to your order. Send for detailed characteristics and
specifications of any or all three grades of MYCALEX.

ITHE INSULATOR \

TRADE MARK REG U S. PAT OFF

MYCALEX CORPORATION
gz QF BAMERICA ohoiiin s

Clifton, N. J. New York 20, N. Y.
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RECEIVER DESIGN
for the NEW FM BAND

A. C. MATTHEWS

A timely article for engineers engaged in FM receiver design

111 the reallocation of the FM

broadeast band from 42-30 mic to

84-102 mc (Fig. 1) several new
design problems confront us. The for-
mer band in the region of 50 mc was
about the limit for conventional design
technique. Above these frequencies the
effects of stray capacity and inductance,
as well as low tube input resistance,
make it necessary to revise our think-
ing .particularly insofar as chassis
layout for production is concerned.

The new band from 84-102 mc gives
us 90 channels 200 kc wide. Let us now
examine what this will provide in the
way of FM service. Frequencies in
this region are propagated essentially
over a line-of-sight path and it is there-
fore practical to assign several stations
to the same channel with far less geo-
graphical separation and mutual inter-
ference than is now permissible in the
standard broadcast band. In other words
the possible number of stations per
channel will be greatly increased. Con-
paring the two services: the standard
broadcast band (540-1600 kc) has 106
channels 10 kc wide with over 900 sta-
tions, making roughly nine stations per
channel. Time sharing is of course nec-
essary to prevent serious interference
due to the propagation characteristics
at broadcast frequencies. With the new
FM band only 90 channels are avail-
able, but stations can be located much
closer geographically without interfer-
ence. Thus it is feasible to assign 50
to 70 stations to each channel through-
out the country, which makes it pos-
sible to accommodate several thousand
stations in this band. \Vith stations in
the same locality being assigned to ev-
ery other channel, 45 stations could be
licensed in any particular region. This
should be adequate for even the most
populated areas for many years to
come.

Let us now review the desired re-
ceiver specifications in order to deter-
mine what revisions are necessary in
view of the new assignments. Under
ileal conditions a modern one kw FM

[RADIO] * MAY, 1945

station having a good antenna location
would be expected to put down a 50
microvolt signal (considered the mini-
mum value of field strength for good
service as per FCC Engincering De-
partment) at the horizon. Some stations
will use much higher than one kw
power and obviously will cover the
maximum service area with much
stronger signals.

Unfortunately, many stations will use
far less than one kw power or will not
have a favorably located antenna. par-
ticularly as to height, and will not use
an expensive antenna array. Such sta-
tions will not be able to reach out to
the limit of the horizon with any appre-
ciable signal strength and it is with
these stations the designer must be con-
cerned, since they will probably repre-
sent the majority in any particular
locality. It is evident then that the
sensitivity  requirements have not
changed and it will still be desirable to
provide sensitivities of the order of one
microvolt or as good as possible, con-
sistent with good design.

Fidelity requirements have not been
affected by the new allocation. There-
fore our specifications remain the same
(50 to 8000 cycles or 30 to 10,000
cycles) according to the price bracket
for which the receiver is to be designed.

As for selectivity, while the station
separation remains the same, the fact
that the carrier frequency has been ap-
proximately doubled poses quite a
problem. Obtaining this selectivity at
approximately twice the frequency of
the former band will be extremely diffi-

cult. involving the choice of the inter-
mediate frequency, operating () etc.
This will he discussed later since at
present we are only concerned with
changes in specifications as the result
of the new allocation.

Image Ratio

The specification of image ratio when
using the former 50 mc band was not
too important, since objectionable serv-
ices adjacent to the band could he
avoided by proper design. Images from
the amateur band at 56 mc were elimi-
nated by operating the local oscillator
below the signal frequency, in which
case images were only received from
police and similar services. These could
be avoided by the proper choice of the
if. (The fact that the oscillator fre-
quency was below that of the signal was
desirable from a drift standpoint). The
new FM band is not so nicely situated
in this respect because the 54-84 mc
band is assigned to tclevision and there-
fore the likelihood of bad image inter-
ference is great if the local oscillator
frequency is below the signal. The
space from 102 to 108 mc, at present
reserved, will probably be assigned to
television, although it is felt the chances
of such are not too great as television
may be moved to still higher frequen-
cies in the future. In any event, the
problem of adequate image suppression
becomes more important with the shift
to the higher frequency, not only be-
cause of inherent design difficulties but
because of the services assigned to ad-
jacent bands. Protection from the image
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Fig. 1. New FM band and adjacent services. This band, from 84 to 102 megacycles, will
provide 90 channels, 200 kc wide. Although this is not a large number of channels,
stations may be located closer geographically without causing interference, so that

it is possible to ¢ date
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of a high-powered television station,
when listening to an FM station having
a field strength of 50 microvolts per
meter will require image ratios of
probably 1000 times.

Summarizing the above, we find our

performance specifications have not
been  seriously  affected due to the
change in allocations. This does not

imply there will be no new design
problems; on the contrary our design
problems have multiplied tremendously
and it is with this subject we are chiefly
concerned.

Having studied the effect on our per-
formance specifications we are now
ready to discuss the individual sections
of the receiver insofar as they are
affected.

1-F Amplifier

Jecause the major portion of the
sensitivity and selectivity of a receiver
is dependent upon the i-f amplifier, the
choice of its operating frequency is
very important. One of the chief factors
to be considered is the image response,
although gain and selectivity require-
ments are equally important. For in-
stance, if the operating frequency is
made unusually high in order to climi-
nate images, but in doing so the gain
and selectivity requirements are im-
practical to attain, then the elimination
of images by the choice of the if.
would not be economically worth-while.

Assuming an 18 mc M band. the
lowest possible i-f frequency which
would eliminate images from stations
within the band would be slightly over
9 me. A frequency of 9.1 mc appears
to be suitable for this purpose since the
frequencies from 9.0 to 9.2 mc should
give little trouble with direct pickup
interference. This would seem to be a
wise choice since it is essentially the
sane as previously used for FM re-
ceivers (825 mc) and past experience
indicates satisfactory gain and selec-
tivity are obtainable. The disadvantage
of such a frequency is the fact that there
is a good possibility of interference
from images of stations adjacent to the
84-102 mc band. Whether adjacent fre-
quencies are eventually assigned to
either FM or television makes little dif-
ference. hecause both services are for
entertainment purposes and therefore
likely to be on the air quite consistently.
For this reason an i.f. of 9.1 mc should
not be employed unless adequate image
suppression ahead of the converter is
provided. The degree to which it is
practical to suppress the image will
be discussed in more detail later.

Assume that objectionable services
might occupy the channels above and
helow the 84-102 mc band and that it is
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undesirable for cost or other reasons,
to provide adequate image suppression
ahead of the converter. In such a case
it would be necessary to choose an i.f.
slightly higher than 15 mc to obviate
the possibility of serious interference
from images. A frequency in the vicin-
ity of 15.85 mc (using an i-f pass-band
of 200 kc) would then be the lowest
available frequency which would likely
he free from direct pickup interference.
Such  an operating frequency ap-
proaches the point where it becomes
difficult to realize the full potentialities
of an i-f amplifier. This is because of
the difficulties involved in obtaining
high impedance circuits and high op-
erating Q in a small physical space at
low cost. Of course, where cost or the
physical size of a receiver is not a
factor, it is only necessary to apply
sound engineering principles to obtain
a satisfactory design. Unfortunately,
the design of home radio receivers, be-
cause of cost limitations. requires in-
genuity as well as sound engineering,
so it is necessary to halance carefully
all factors involved and come out with
a satisfactory compromise design.

From past experience we know that
gains of approximately 50 will be re-
quired in the i-f amplifier stages in
order to meet our sensitivity require-
ments with a minimum number of
stages. Let us then examine some of
the limitations in obtaining a gain of
approximately 50 per stage with a
hand-pass of 200 kc at —6 db when
an i-f of 15.85 mc is used.

It is well known that the criterion
of tube merit for high gain high-
frequency amplifiers is the ratio of
transconductance to grid-plate capacity.
An examination of these parameters
for a prospective group of tubes will
indicate the type 7\W7 as being superior
to all others in this respect. It should
he pointed out, however, that this so-
called figure of merit does not take
into consideration input and output ca-
pacities, nor sources of feedback or
coupling other than that due to grid-
plate capacity. Since the input and out-
put capacities of the type 7\W7 are
comparable to other tubes in the same
general class we shall proceed on this
basis.

The gain of a pentode i-f amplifier
under certain conditions of operation is
represented by equation (1).

Gain = Gmwl — €))]

&

This simplified equation assumes the
primary and secondary inductances and
(s to Dbe equal with critical coupling
hetween circuits. Incidentally, it is also
possible to obtain an overall flat-top
band-pass characteristic by properly
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combining an over-coupled transformer
having a double peak response with a
single tuned transformer having a nor-
mal resonance curve.

Inspecting equation (1) we note that
the gain is dependent upon the trans-
conductance of the tube, the frequency.
the coil inductance and Q. Since a
rough calculation indicates it is pos-
sible (theoretically) to obtain gains of
the order of 150 at this frequency (as-
suming perfect shielding. high tube -
input resistance and feedback only
through the grid-plate capacity of the
tube) we will first investigate the prac-
ticability of obtaining satisfactory se-
lectivity. \We know that if the circuit Q
remains constant the band width of an
i-f amplifier increases in direct propor-
tion to an increase in operating fre-
quency. In other words, if the i-f fre-
quency is doubled and it is desired to
maintain the same band-width, then the
circuit Q must be increased by two
times. Offhand. doubling the Q would
seem difficult since previous i-f trans-
formers operating at 8.25 mc in many
cases required no loading resistors.
However, let us examine the problem
and determine just how much selec-
tivity is required and how it may be
attained.

Field experience with FM receivers
indicates that an attenuation of 35 db
at a freqeuncy of 200 kc from resonance
will be satisfactory. Dividing this into
the number of i-f stages (3 transform-
ers) and allowing a small portion for
possible misalignment and that due to
the r-f stage. an attenuation of ap-
proximately 10 db per stage is neces-
sary.

Reference to the universal selectivity
chart in Fig. 2 shows that a Q of 90
will be required. This chart is an ex-
tension of the Universal Selectivity
Calculator as given in the Radiotron
Designer’s Handbook.! Scales have been
changed to extend the frequency range
and band-widths. Knowing the desired
attenuation at a specified frequency of
resonance, the value of QAf./f, is deter-
mined by reference to the proper curve
for either isolated or critically coupled
circuits. This point is transferred to
scale B and a line is drawn from this
point to the desired value on the Af,
scale. A second line is then drawn from
the i-f center frequency (scale f,)
through the intersection of the first line
and scale A. the terminus of which
indicates the Q.

The inductance of the tuned circuit
must next be determined. Since high
inductance and high Q go hand in
hand. it is obvious that the capacity of
the tuned circuit should be reduced to
a minimum. This can only bhe carried
to the point where changes in tube and

MAY, 1945 *
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circuit capacities due to temperature cf-
fects become an appreciable part of the
total capacity.

Past experience indicates a minimum
of at least 30 to 35 puf is advisable
unless special compensating condensers
are employed to minimize drift. In an
effort to obtain high gain at 825 mc
a minimum of 35 puf has previously
been used by several manufacturers.
This permitted the use of an inductance
of 10.5 wh. Since 30 to 35 wuf is about
the minimum capacity for a practical
design it will be netessary to decrease
the inductance to approximately one-
fourth this value in order to resonate
at 15.85 mc. An inductance of 2.6 ph
having a Q well over 100 will then be
required. This is far from impossible
but obviously much more care will he
required in maintaining uniform pro-
duction. With Qs of this order it will
be necessary to eliminate, as far as
possible, all materials that contribute
appreciable losses. Insulating materials
(sockets, etc.) should be of a low-loss
variety, tuning condensers should have
air dielectric: lead wires. if insulated.
must be high Q and transformer shields
should bhe well spaced from the coils.
In addition to these precautions, circuit
wiring must be short and by-passing
direct. In general, the i-f amplifier must
be designed along lines similar to those
employed for medium short waves. For-
tunately, such design requires the use
of high grade low-loss components so
the problem of circuit stability has not
doubled as would ordinarily be ex-
pected.

With a 15 mc if. the gain will be
approximately 85% that obtained at 9
me (single stage), since the inductance
must be reduced to one-fourth its initial
value and assuming the Q increases to
twice its former value as explained
above. This is evident by considering
the load impedance for the two fre-
quencies, where

Z wLQ at 9 mc )

L
2 = w: 2Q approximately (3)

The use of a 15 mc i.f. will then neces-
sitate an additional stage of amplifica-
tion to maintain adequate sensitivity.

Summarizing, we find both the 9.1
and 15.85 mc if. to be satisfactory so
far as electrical performance is con-
cerned. The lower frequency is less
costly since fewer stages and lower cir-
cuit Qs are required. This permits the
use of lower grade components having
greater tolerances but assumes adequate
tmage suppression is available. On the
other hand, the 15.85 mc system re-
quires higher quality components and
more care in assembly, but practically
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TABLE I
OSCILLATOR CONVERSION CONDUCTANCE
OPERATION TRIODE PENTODE
Fundomentol 0.289, 0.239,
2nd. Harmonic 0.13¢g, 0.119,
3rd. Hormonic 0.09g, 0.07¢,
9o = maximum zero bigs tronsconductance

no additional image suppression would
be required other than that ordinarily
obtained in the antenna and converter
circuits.

A choice between the two frequencies
depends, then, upon relative costs, man-
ufacturing facilities and the skill of the
production personnel available.

Converter-Oscillator Stage

The design of the converter stage
depends upon whether an r-f amplifier
will be employed. From an engineering
standpoint an r-f stage would be used,
however, where it is necessary to re-
duce the cost the r-f stage is often
omitted. This brings up the problem of
noise, particularly in combination AM-
FM receivers, since tubes operating as
converters are notoriously more noisy
than when operated as amplifiers. un-
less preceded by an r-f stage. Without
an r-f stage, a triode or some pentodes
will give the best results from a low
noise standpoint. The addition of an
r-f stage reduces the noise problem
considerably since the equivalent grid
noise resistance of similar tubes is ap-
proximately two to five times lower for
amplifier operation. The signal ampli-
tude with an r-f stage is large com-
pared to the converter noise and thus
tends to nullify its effect. This allows
the use of multi-element tubes. which
offer more possibilities for oscillator
voltage injection.

Converter gain can be simply ex-
pressed by the equation,

-qule.

Converter gain = ———— (9
ro+ 21

where S. is the conversion transcon-
ductance. Z: the load impedance at the
i-f amplifier frequency, and r, the plate
resistance of the tube. When Z. is
small compared to r, this can be re-
written as,

Conversion gain = S.Z: (5
The approximate conversion trans-
conductance can he calculated from tube
data by the equations in Table 1. where
go is the transconductance of the tube
at zero bias. Here, as in the i-f ampli-
fier, the use of a 15 mc i.f. will reduce
the gain to approximately 85% of that
obtained with a 9 mc if. (This can be
regained by using a pentode converter,
assuming previous designs employed a
conventional triode).
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With a triode converter the input
loading effect, caused by a high capaci-
tive reactance (at the signal frequency)
heing fed back through the grid-plate
tube capacity, will reduce the theoreti-
cal gain somewhat. The high capacitive
reactance is due to the use of a low
tuned circuit capacity in the i-f trans-
former. (Since FM receivers are usu-
ally designed with a high intermediate
frequency it is necessary to keep the
i-f tuning capacity low in order to
obtain a worth-while circuit impedance).
Tt is evident then that these two effects,
input loading and i-f circuit impedance,
must be suitably compromised if a
triode converter is to be used to full ad-
vantage. With a pentode converter the
conversion gain is usually twice that
of' a triode and the input loading due
to the i-f transformer is minimized be-
cause of the low grid-plate capacity.

\Vith either a triode or pentode con-
verter, oscillator voltage injection may
be applied to the signal grid or cathode
circuit. Grid injection causes inter-
action between signal and oscillator cir-
cuits, when the i-f frequency is a small
percentage of the signal frequency, un-
less a harmonic of the oscillator is used
for conversion. On the other hand
cathode injection causes input circuit
loading, due to feedback through the
grid-cathode capacity, although this
can be neutralized to some extent.

Tubes

T.et us now consider some of the tube
problems caused by moving the TM
band to higher frequencies. Tuned cir-
cuit parameters, ecspecially the induct-
ance, begin to assume minute quantities
and it is evident that if we are to have
any appreciable inductance in the coil.
particular attention must be given all
leads and fixed capacities. This includes
tubes; if the tube capacity is large the
tuning range for a given value of tuning
condenser is decreased, which in turn
decreases the inductance and therefore
the gain since the 1./C ratio is reduced.

The transit time effect which results
in reduced amplification will also be a
factor at 100 mc. These three factors:
transit time, inductance and capacity,
can be minimized by the proper choice
of tube types. In general, the smaller
the elements and spacing between ele-
ments the better the performance at
these frequencies. An obvious choice
would be the acorn series, but, in home
receiver design, the present cost of
these tubes is prohibitive. The next
logical choice would then be miniatures,
midgets or loktals. These types have
glass base insulation which is better at
high frequencies. In addition, some
types have comparatively short leads
and small element structures.

MAY, 1945 *
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Fig. 3. A-m, {-m converter schematic, using separate tubes., coils. and capacitors fo:
each band

Typical triodes for converter or os-
cillator service are the types 1201, 6C4,
6]6. 71°8 and 9002. All have reasonahbly
low capacities, short lead lengths and
fairly small elements.

Pentode converters recommended for
the 100 mc band are types 6AC7, 7\\'7.
1204, 9001 and 6AGS.  DPentagrid or
similar types are not reconumended he-
cause of the low oscillator transcon-
ductance; -noise is also exceptionally
high although as mentioned before this
is of little consequence when an r-f
stage is employed.

cmployed  wherever  possible  although
polystyrene, mica or aluminum oxide
filled materials will usually be found
satisfactory.  Sometimes,  because  of
good physical properties, a higher loss
material will result in the best design
since by its use the total volume of in-
sulation can be reduced. Better still. if
it is at all possible, coil forms and wave
switches should be eliminated from the
high f{requency circuits. Heavy con-
ductors, which have less inductance,
should be used throughout and it goes
without saying that all leads should be
extremely short. Resonant circuits both
parallel and series have a habit of ap-
pearing in the most unexpected places.
(This is particularly true when making
stage measurements. The point to re-
member is that it takes only a very
short fength of lead to cause trouble.)

Another likely source of difficulty is
in the tuning condenser. Whether it is
better to use an insulated rotor with

Tuned Circuits

After deciding on the type tubes for
the oscillator and converter the next
consideration is the tuned circuits.
Here our thinking will have to change
because it is no longer feasible to use
ordinary insulation materials in the
sockets, coil forms, tuning condensers
and wave switches. Ceramic should be
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Fig. 4. Simplified a-m. {-m converter schematic with a minimum of high.frequency switching
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individual wipers, thereby confining the
r-f currents to their respective circuits
or to use a grounded rotor and tolerate
some common coupling between cir-
cuits, is not only an engineering prob-
lem but one that must be considered
from the cost standpoint. Unfortunately,
it is much easier to design a good re-
ceiver by using special parts which
theoretically are required than to isolate
the design troubles and solve them by
the use of ingenious layouts and other
circuit innovations.

Switching of circuits in an AM-FM
receiver must also receive close atten-
tion. A minimum of switching is ob-
viously desired; however, this can be
carried to extremes by the addition of
extra tubes, although it may be justified
in higher priced receivers. Fig. 3 shows
such an arrangement where the high
frequency circuits including tubes are
separate from the broadcast section of
the receiver. With such a circuit the
only switching required is the primary
of the first i-f transformer. This makes
it possible to design the 100 mc section
of the receiver as a separate sub-
assembly which can be wired and tested
as a unit before being assembled into
the receiver. From the cost standpoint
it requires at least two additional tubes
(r-f and converter) and can hardly be
justified in most designs.

In a more economical design, the
same tubes serve both the broadcast
and FM Dbands. To do this requires
switching and this introduces undesir-
able inductance and capacity in the
wiring. A few measurements will con-
vince the designer that switching the
grid and plate connections from the
tubes to the tuned circuits is not ad-
visable because the extra lead lengths
involved considerably reduce the in-
ductance of the coils. The additional
capacity of the wave switch will also
limit the frequency coverage to such
an extent that a larger tuning con-
denser will be required. This in turn
will limit the gain.

An example of how the minimum
circuit capacity affects the size of the
tuning condenser is given in Fig. 5. It
is apparent that every possible bit of
minimum capacity should be removed
from the circuit as evidenced by the
decreased size of the tuning condenser
required to cover the band.

An excellent method of reducing the
capacity is to eliminate switching of
the high frequency leads as far as pos-
sible. Fig. 4 shows a representative
schematic of this type of circuit. The
grounding of the FM coils should be
short and direct, which makes it desir-
able to locate the wave switch, coil and
associated tube in such a manner that
no appreciable leads are present. The
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FM tuning capacity remains connected
to the FM coil, since the low frequency
bands require a separate condenser for
tuning.

Permeability Tuning

Another possibility which should not
be overivoked in our re-design is the
use of a permeability tuner. With pow-
dered iron and other materials avail-
able having a reasonable permeability
and Q at 100 mc it is practical to design
an inductive tuned circuit for the 100
mc band. Fig. 6 shows characteristics
of representative core materials useful
at these frequencies. Circuit capacity
and lead inductance can be minimized
by omitting the tuning condenser, leav-
ing only a small trimmer (preferably
air dielectric) to compensate for circuit
wiring, etc.

A disadvantage to the permeability
tuned method is the fact that it is dith-
cult to obtain a satisfactory frequency
coverage when using a good form fac-
tor for the coils. This results in a loss
of (). Although more inductance may
be used the overall results are approxi-
mately equivalent to a good coil and
condenser. There is a need for more
development before this method can
take its place in home receivers for the
100 mc band. Some mechanical prob-
lems will also be involved in ganging
the unit to the broadcast tuning drive
but these are not insurmountable.
Switching as with the capacity tuned
design should be so arranged that leads
are short and direct.

Concentric Line Tuner

Concentric transmission lines as cir-
cuit elements in the 100 mc region are
also a possibility, although for an opti
mum design they would be quite bulky,
since a quarter wavelength of line
would be approximately 25 inches long.
Designing for optimum Q (Qs of the
order of 7000 are obtainable at 100
mc) would result in selectivity of such
a high order that it would be practi-
cally useless because of tracking prob-
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Fig. 5. Variation of required tuning ca-.
pacity (AC) for diferent minimum circuit
capacities
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Fig. 6. Typical permeability-tuning coil characteristic curves

lems between the r-f and oscillator
circuits. On the other hand, if the line
is designed for maximum sending and
impedance, by the proper choice of
inner and outer conductors, the imped-
ance at 100 mc would approach a meg-
ohm in value. This can be tapped down
suitably to match the tube for maximum
performance.

Obviously, however, a full quarter-
wave line is much too long for home
receiver use. The length of the line can
be reduced considerably and a con-
venient means of tuning can likewise
be obtained by loading the line with an
external tuning condenser as shown in
Fig. 7. Such designs have been used in
the past for experimental high fre-
quency receivers and their possibilities
make them appear worth considering
for use in home receivers of the AM-
I'M variety.

RF and Antenna Stage

In the r-f and antenna stages, as in
the converter, stray capacity and in-
ductance must be eliminated if any
reasonable degree of performance is to
be obtained. Short direct leads, elimina-
tion of switching in the high frequency
circuits, a minimum of low-loss insula-
tion and low capacity are all required,
together with a suitable tube.

The choice of a suitable tube is im-
portant for this application. A pentode
type is generally employed because of
the gain requirements, however the
majority of pentodes are unsuited for
100 mc operation. Grid-plate capacity,
which at lower frequencies can be the
controlling factor in obtaining high
gain, now beomes of less importance.
This is because the tuned circuit im-
pedance at these frequencies is generally
quite low, also the fact that the circuit
impedance is shunted by the tube which
further reduces the effective Q of the
circuit to such an extent that the grid-
plate capacity of most pentodes is no
longer of any consequence. The first
requirement, then, for 100 mc operation,
is high input resistance. This is usually
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expressed as a conductance (equation
6)
1
G=—-— 6)
Kof"l‘klfz

\Where K, is the cold conductance and
kv the hot conductance. It is seen that
the input conductance varies approxi-
mately as the square of the frequency.
This being true, it is evident that at
100 mc the tube will act as an appre-
ciable shunt across the tuned circuit.
Even though an ordinary tuned circuit
at these frequencies has only a few
thousand ohms impedance the effect of
the tube is quite noticeable. An r-f gain
of 12 to 15 is all that can be expected
under good conditions. As for circuit
Q, approximately 30 to 35 can be real-
ized with the tube directly across the
tuned circuit. If, however, the tube is
tapped down (which would ordinarily
be expected to step down the signal
voltage) it will be found that the Q
is increased by a factor of two to three
times. This compensates somewhat for
the voltage stepdown and results in
much better selectivity and image re-
jection with little or no loss in gain.
By properly locating the grid tap,
image ratios of 50 per stage can readily
be obtained (assuming i.f. is 9.1 mc).
Two similar stages should therefore be

[Continued on page 68]
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Fig. 7. Concentric line tuner
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CRYSTAL PICKUP DESIGN

An Advanced

ROY DALLY

Consulting Engineer, Electrovox Co., Inc.

Data on a new pickup design with improved performance

research and design has been the

reduction of necessary vertical pres-
sure consistent with a useful voltage
output. Such useful output for com-
mercial radio-phonograph combinations
may be between .5 volts and 1.0 volt,
rms. Pre-war designs commonly used
produced about .5 volt, and tracked ade-
quately at 1.25 oz., vertical pressure,
although some would track at 1.0 oz,
under ideal conditions.

The practice of considering pickups
in the light of vertical pressure vs.
output is really a measure of efficiency.
Efficient designs having a minimum of
energy loss have higher lateral com-
pliance for a given voltage output, and
hence will track at lower pressures.

The minimum practical pressure for
changer operation is that required to
trip the changer when a record is com-
pleted. This varies with changer de-
signs and the type of trip mechanism
us d. For the purposes of discussion,
we shall consider the minimum pres-
sure to be .5 oz., and the maximum to
be 1.0 oz.

Low pressure pickups are desirable
from every standpoint. Record life may
be greatly increased. The life of long
playing needles, particularly sapphire
tipped, goes up tremendously when op-
erated at pressures below 1.0 oz. Re-
produced surface noise and scratch are
reduced irrespective of the frequency
range being reproduced. Such noise is
a product of the friction between the

Tm: CONSTANT OBJECTIVE in pickup

groove surface and the needle tip, and
obviously will decrease as the pressure
is decreased. Mechanical reproduction
and noise directly from the pickup, so
objectionable in the conventional de-
sign, are greatly reduced.

Of great importance is the vastly im-
proved reproduction made possible with
such a design. I‘reedom from poor
tracking, transients and harmonic dis-
tortion open up possibilities of quality
not thought possible from commercial
shellac recordings.

Design Requirements

In order to obtain these desirable
features, the moving system must have
a minimum of mass, and maximum
stiffness. Any condition which tends
to retard the necessary reciprocal mo-
tion of the moving system must be
reduced or eliminated. In this respect,
particular reference is made to damp-
ing. A high degree of damping has
always been necessary in conventional
designs in order that mechanical reso-
nances of the moving parts be reduced.
Such damping material, in order to be
efficient, must have a considerable in-
ternal resistance. Such material serves
a useful purpose only at some resonant
frequency, and it adds an additional
load to the moving system at all fre-
quencies being reproduced, requiring
additional work to be done to overcome

the losses. A further undesirable fea-
ture is due to the unstable character-
istics of the material with temperature
changes, resulting in a varying fre-
quency response with temperature. The
elimination of damping material is
highly desirable.

In order to do so, the moving sys-
tem must be sufficiently light and stiff
to avoid resonance in the useful fre-
quency range. 1f some resonance does
appear, it should be stiffness-controlled,
which causes a flattening off of the
response curve, and covering a very
wide range of frequencies. Such reso-
nance has very little adverse effect.

Fig. 1 illustrates a conventional
crystal cartridge design. Half shells are
not shown. The element is clamped
between mounting blocks of resilient
material. The chuck engages the ele-
ment through a resilent clamp rubber.
The chuck is held between the hali-
shells by means of the sleeve bearings
in such a way that reciprocating mo-
tion is possible. The needle is held in
the chuck by means of a needle screw.
The chuck assembly is damped with
one or two damping blocks held in
compression between the chuck and
half-shells.  Lateral motion from the
record groove applied through the
needle to the chuck produces torsional
stress in the crystal element, and volt-
age is produced.

Chucks are from

usually die-cast

SECONDARY MOVING SYSTEM

SLEEVE CEMENTED
EZ : I i3 Lo B
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Fig. 1. Conventional crystal cartridge design
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Fig. 2. How the new pickup is designed
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the zinc alloy, aluminum or magnesiun.
The mass incidental to the chuck as-
sembly, consisting of the needle, needle
screw, and chuck is appreciable. This
is particularly true of a zinc alloy chuck.
This mass, in conjunction with the in-
herent stiffness of the system, will pro-
duce resonance at some frequency be-
tween 4000 and 7000 cycles. This
resonance must be damped out by means
of the damping blocks in order that
sharp voltage peaks and distortion be
reduced. The amount of work required
to overcome the mass and inertia of
the chuck assembly plus the losses in
the damping material and bearings is
quite appreciable, and can only be ob-
tained by additional vertical pressure
of the needle in the groove. Some idea
of the importance of mass and inertia
in the moving system may be had by
considering the fact that the entire sys-
tem must start and stop 20,000 times
per second in order to reproduce 10,000
cycles. In addition, the groove wave
form of a musically recorded record is
exceedingly complex.

Design Features

Fig. 2 illustrates an advanced design.
The secondary moving system consists
of the element clamped between conven-
tional mounting blocks, a metal sleeve
cemented to the opposite end of the
element, and a rubber bearing. The
mounting blocks and the bearing are
in turn clamped between half-shells, not
shown. The sleeve should be made of
magnesium or dural, for minimum
weight and maximum stiffness. With
proper sleeve design and element selec-
tion, the entire system is extremely
stiff, and when clamped by suitable
mounting blocks, is effectively free from
resonance over the frequency range
used.

The primary moving system consists
of a chuck, a needle, a needle screw,
and two bearings. The chuck is a metal
sleeve, magnesium or dural, large
enough in diameter only to contain a
#1 set screw, made of dural. The
needle is of special design, sapphire
tipped. The mass of the entire primary
moving system is less than that of
many conventional long-playing needles.
The bearings may be made of a number
of resilient materials, depending on the
voltage output and characteristics re-
quired. Voltage may also be controlled
by the length of the bearings. The only
damping applied to the primary moving
system is incidental to these bearings.
Since such bearings may be made from
materials effectively free from tempera-
ture effects. the high frequency response
characteristics of the pickup are re-
markably stable.

The primary moving system is in-
serted into the secondary moving sys-
tem sleeve through a slot cut in the
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RUBBER ASSEMBLY SLEEVES

Fig. 3. Assembly of primary moving system

slecve, less than half the sleeve diameter.
The bearings engage the inside surface
of the sleeve, and the needle and chuck
are free to reciprocate laterally in the
sleeve, being limited only by the amount
of work necessary to overcome the re-
sistance of the bearing material. The
primary moving system is held in the
sleeve by two additional rubber sleeves,
not shown, passed around each end of
the combined assembly. Fig. 3 illus-
trates the completed assembly.

It becomes apparent now that we
have eliminated the work made neces-
sary in overcoming losses in the damp-
ing blocks, the work done in the clamp
rubber, and have transferred a very
considerable amount of mass incidental
to a conventional chuck from the pri-
mary moving system to the secondary
moving system, i.e., the sleeve. where
it has no appreciable effect on tracking.
The only work being done is that en-
ergy appearing in the bearings, which
is utilized in actuating the element.
This energy is no greater than that lost
in conventional chuck and bearing as-
semblies. There is some loss in the
secondary moving system through the
hearing and the mounting blocks, but it
is sufficiently small to be ignored. The
efficiency of the system is proved by the
fact that .5 volt may be obtained readily
with .5 oz. pressure, with an adequate

safety factor on tracking. Under fa-
vorable conditions the pressure may be
further reduced without reduction in
voltage output. Added voltage output
may be had by lengthening the bearings
and applying additional vertical pres-
sure to insure tracking.

The frequency response may be ad-
justed over a wide range by proper
design of the needle. Iig. 4 illustrates
two such variations. Once determined,
the response is extremely stable, since
damping material is not employed to
control the characteristics.

The most satisfying aspect of the
design is the reduction of mass and
inertia, with the attendant reduction of
transient response and harmonic dis-
tortion. The reproduction is remark-
ably clean, rich in detail, with the noise
level sufficiently low as to be inaudible
except during extremely low level
passages. The entire dynamic range is
handled with ease. Records heretofore
thought to be poor recordings, were
reproduced without difficulty.

If desired, the design may be made
with a permanently built in needle, uti-
lizing a sapphire. The slight gain made
in mass reduction, however, is not suf-
ficient to overcome the desirable fea-
tures of a replaceable needle. In the
event of changer failure or mis-han-
dling, resulting in damage to the needle,
the needle may be replaced quickly, and
at low cost to the user, by means of a
small screwdriver. The performance of
the cartridge with a set screw is of such
high order as to make unnecessary the
disadvantages of a built in needle.

The moving system described may
also be applied to generators or modu-
lators other than crystal, such as mag-
netic or FM reproducers. It may also
be utilized for reproduction of vertical
recordings as well as lateral.

| t|

1000
FREQUENCY- CYCLES PER SEC.

Fig. 4. Effect of different needle designs on frequency response
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NEW TRIPLE DETECTION

COMMUNICATIONS
RECEIVER

HE RECEIVING system described in

this article achieves improved radio

reception, particularly in the consid-
crations of variable selectivity and noise
reduction.  While the principles are
cspecially well applied to radio commu-
nication, both cw and phone, they are
applicable for other purposes. The
triple detection receiver we are con-
sidering provides an extremely high
degree-of frequency selection, in which
the selectivity is essentially rectangu-
lar, rather than the familiar shape of
the usual resonance curve. The sub-
stantially rectangular characteristic of
the curve results in band-pass selectiv-
ity : and the width of the band is readily
controlled and varied as desired, from
zero up to 10,000 cycles or more. Con-
tinuous-wave telegraph signals can be
received with a pleasing tone which i
not a function of recciver tuning, and
which will not vary with frequency
drift on the heat-frequency oscillator.
The audio note of the telegraph signal
is produced by frequency modulation of
the conversion oscillator.

Disadvantages of The BFO

In the conventional superheterodyne,
continuous-wave telegraph signals are
received by mixing the bheat-frequency
oscillator with the incoming signal so
as to produce an audible tone, and the
highest degree of selectivity is obtained
by employing a crystal filter circuit in
the intermediate-frequency  amplifier.
There are several drawbacks to this
type of receiver—with which all oper-

A new patent in the electrical com-
munication field has been issued to
Dana A. Griffin, W2AOE, prominent in
amateur and engineering circles. The
patent, assigned to the Communica-
tions Measurements Laboratory, de-
scribes a triple detection superhetero-
dyne which holds promise of consider-
able advance in radio receiver design.
Several large manufacturers have al-
ready been licensed to produce re-
ceivers under this patent.

ators are familiar. It is critical in ad-
justment, and it is difiicult to “lock”
the signal note at the pitch preferred
for copying, as it will vary with drift
of the beat-frequency oscillator or the
most minor change in receiver tuning.
Furthermore, if the crystal is used in
its most selective adjustment, set noises.
in conjunction with the BFO, cause a
continuous ringing which makes weak
signals difficult to copy. With high-
speed keying, the signal tones slur into
the spaces due to the high () of the
crystal circuit. The crystal filter is not
well suited to phone reception because
the nose of its resonance curve is too
sharp while the skirts are too broad.

BFO and Crystal Eliminated

The new circuit overcomes these dif-
ficulties Dby eliminating the beat-
frequency oscillator and crystal filter,
and by employing instead a triple de-

\
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Fig. 1. Block diagram of triple detectior. superhéterodyne
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By THE STAFF

tection system. The first conversion os-
cillator and detector produce the first
intermediate frequency, a second oscil-
lator-detector combination outputs a
second if.. and a third detector, pro-
duces the audible signal. For cw re-
ception, the second conversion oscillator
may be frequency modulated at an audio
rate. Selectivity is obtained by use of
infinite rejection circuits in the i-f
stages which cut off on each side of
the desired band. The width of the band
is determined by controlling the fre-
quency of the conversion oscillator (i.e.,
by varying its tuning, which may be
cffected at an audio rate for cw re-
ception),

In a preferred form of the triple
detection superheterodyne, infinite re-
jection circuits are employed both ahead
of and following the second detector as
suggested in the simplified drawing of
Fig. 1. Infinite rejection circuits are
well known. In general, they use com-
pound coupling, with inductive cou-
pling opposing and neutralizing the
capacities coupling for one particular
frequency at which attenuation of the
circuit is practically infinite. Such cir-
cuits may have the frequency attenua-
tion characteristics shown in Figs. 2
and 3, in which the ordinates represent
attenuation and the abscissae frequency.
The curve of Fig. 2 is a low-pass or
high cut-off circuit. The attenuation
gradually decreases with increase in
frequency until it reaches the critical

1000 \
100

0 | 2 3 a4 5 6 7

Fig. 2. Characteristic curve of low-pass.
high cutoff infinite rejection circuit
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1000

100

Fig. 3. The high-pass, low cut-oft character-
istic of this circuit is practically the reverse
of Fig. 2
point, at which attenuation rises almost
vertically to practically infinity, re-
maining at this value for further in-
creases in frequency. The high-pass,
low cut-off characteristic, Fig. 3, is

virtually the reverse of Fig. 2.

The recommended circuit employs a
pair of cascaded low-pass or high cut-
off filters to determine the upper fre-
quency limit of the band, and a pair of
low cut-off circuits in cascade to fix the
lower frequency limit. The band of fre-
quencies included between the upper
and lower limits — that is, the band
width — can be controlled solely by
tuning the second conversion oscillator.
necessitating no adjustment of the high
or low-pass circuits.

Operational Analysis

Referring to Fig. 1, incoming signals
are impressed on the first detector sys-
tem along with heterodyning oscilla-
tions from the first oscillator. The first
detector system may include the conven-
tional r-f amplifier of one or more
stages. It will be assumed that an in-
coming signal of 1000 kilocycles is
heterodyned by the first oscillator at
1465 kc to produce a first intermediate
frequency of 465 kilocycles. This output
is applied to the first infinite rejector
circuit. This is a high cut-off system,
and the critical or infinite attenuation
frequency may be set at 465 kilocycles.
or slightly higher. Under these condi-
tions any signal within a few kc of 465,
but lower than 465 kilocycles, will pass
through the first infinite rejection cir-
cuit and be impressed on the high-
frequency or first i-f amplifier. The
output of this i-f amplifier is passed
through a second low-pass (high cut-
off) infinite rejection circuit, where un-
desired frequencies are further attenu-
ated. Thus an intermediate frequency
above 465 kilocycles (or whatever was
the critical frequency chosen) is attenu-
ated practically to infinity, and remains
so. For example, a 990-kilocycle signal
would be excluded, while 1001 kilo-
cycles will pass through.

The output of the second infinite re-
jection circuit is applied to the second
detector and second conversion oscil-
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lator, which latter may be frequency
modulated at any desired audio fre-
quency for cw reception. Switch (s) is
closed for cw reception and open for
phone. Again choosing an arbitrary
value, a frequency of 400 kilocycles in
the second conversion oscillator will
provide a second intermediate frequency
of 65 kilocycles which is passed respec-
tively through a low cut-off infinite re-
jection filter, a second and low-fre-
quency i-f amplifier and a final (low
cut-off) infinite rejection circuit. The
signal has now becen subjected to four
infinite rejection circuits—two high
cut-off and two low cut-off—and only
a signal of the desired band width re-
mains to be passed on to the third de-
tector system and audio amplifier.

Band Width Control

The effect of varying the frequency
of the second conversion oscillator can

T

ATTENUATION

o4
FREQUENCY

Fig. 4. The attenuation characteristic result-
ing from a combination of the circuits of
Figs. ] and 2
now be demonstrated. Assuming that
the high cut-off infinite rejection cir-
cuits have their critical {frequencies
adjusted to 465 kilocycles (or slightly
above) and the low cut-off filters at
the second intermediate frequency of
65 kilocycles (or slightly below), and
that the receciver is tuned to a 1000-kc
signal, only this signal will be passed
through to the third detector. Any sig-
nal less than 1000 kilocycles will be
eliminated by the high-side cut-off
circuits while signals above 1000 k¢
will be similarly dealt with by the Iw
cut-off infinite rejection circuits. This
condition is pictured in the overall sc-

lectivity curve of Fig. 4.

If the second conversion oscillator is
now tuned above 400 kilocycles, all fre-
quencies which passed the high-side
cut-off filters will be to low to navigate
the low-side cut-off circuits, and noth-
ing will be received. This may be
visualized by assuming that the two
curves which bound the band width in
Fig. 4 be moved toward each other and
past each other until the space between
them, which represented the band width,

www americanradiohistorvy com

becomes zero. The effect is fust the
reverse if the conversion oscillator is
tuned to a frequency below 400 kilo-
cycles. The curves are moved farther
apart, widening the admittance band,
and resulting in the response charac-
teristic of Fig. 5. (If the high and low
cut-off circuits are interchanged, the
conversion oscillator will be tuned
above 400 kilocycles to expand the ad-
mittance.)

The admittance band can be broad-
ened or narrowed at will, as a con-
tinwous and smooth function of the
second conversion oscillator, and with-
out making any changes in the tuning
of the filter or rejection circuits. This
is a feature of considerable value in both
cw and phone reception. The band can
be narrowed to a split hair for code
signals under conditions of severe inter-
ference, or widened to 10,000 cycles or
more for high-fidelity telephonic re-
ception. The band width is always in-
stantaneously adjustable to suit varying
receiving conditions.

Variation in the tuning of the second
conversion oscillator to change the band
width may necessitate a slight retuning
of the first oscillator to maintain the
carrier frequency of the incoming sig-
nal. after conversion, in the center of
the overall admittance band of the re-
ceiver. This is because tuning the sec-
ond conversion oscillator does not alter
the frequencies at which both high and
low cut-offs occur, but only the low side.
Referring to Fig. 5, changing the con-
version oscillator frequency may be re-
garded as moving the low-frequency
cut-off toward or away from the high-
frequency cut-off—the latter remaining
mnchanged. Thus a signal which has
its carrier frequency centered in the
admittance band for one band width
may require re-centering if the admit-
tance band is altered substantially.

Continuous Wave Reception

For a further understanding of the
circuit in the reception of cw signals
in one mode of operation, the reader is
referred to Fig. 6. The conversion oscil-

il

64 69 74

Fig. 5. This rectangular bandspread patiern
is obtained by varying the frequency of
the second conversion oscillator
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lator is tuned to such a frequency that
the admittance band extends from 64
to 66 kilocycles. The beat-frequency
signal has a carrier frequency of 64
kilocycles (just at the lower extreme
of the admittance band) and is deviated
in frequency (by the frequency modula-
tion impressed on the local oscillator)
from 62.5 to65.5 kilocycles. It is as-
sumed that the amplitudes of both signal
and local oscillations are constant.
eliminating amplitude modulation ef-
fects.

If the deviation were less than 2 ke,
and entirely within the admittance band.
nothing would be heard except possibly
kev clicks or “‘mush.” However, if the
deviation, as shown in Fig. 6, is such
that the frequencies swing in and out
of the band, an amplitude modulation
effect is produced by the passage or no
passage of the signal. If the carrier is
deviated, say 256 cycles-per-second, it
is apparent that a 25G-cycle note will
be heard—this tone continuing as long
as the transmitting key is depressed. In
the above example, the mean carrier
frequency is assumed at one edge of
the admittance band (65 kc). This is
not essential, however, and the mean
carrier frequency may be within or
without the band, so long as it is devi-
ated into and out of the band once each
cycle.

For minimum noise on inter-charac-
ter spacing. when employing the system
as described, it may be desirable to
adjust the average frequency of the
second conversion oscillator until the
admittance band is less than zero—until
the curves of Fig. 4 are pushed together
and overlap as previously described.
Then audio-frequency deviation of the
second conversion oscillator will, in
effect, widen and narrow the admittance
band at an audible rate, introducing an
audio tone whenever the carrier is pres-
ent.

Double-Tone Reception

Under certain conditions it is possible
and desirable to obtain a double-
frequency note—for instance a 3512-
cycle pitch with the frequency modulator
oscillating at 256 cycles per second. It
is necessary to retune the fourth infinite
rejection circuit for high-side cut-off
slightly above the cut-off frequency of
the remaining low-side cut-off circuit—
for example at 66 kilocycles. The ad-
mittance band width of the low-fre-
quency i-f channel may be from 64 to
66 ke as suggested in Fig. 7. The band
width of the first intermediate-irequency
amplifier is not critical, because the
second channel now provides both high
and low-side cut-off.

Readjusting the first oscillator so as
to move the second intermediate {re-
quency from 64 to 65 kilocycles will
produce a curious effect. The frequency
deviation will now swing from 63.5 to

>

ATTENUATION

50 60 62 63 64656667
FREQUENCY

Fig. 6. Frequency modulating the second

conversion oscillator shifts the signal in

and out of the admittance band at a.f.
for cw reception

66.5 ke, causing the signal frequency to
pass in and out of the admittance band
(on both higher and lower sides) twice
per cycle instead of once. Comparison
of Figs. 6 and 7 will show that a
double-frequency component has been
introduced under the operating condi-
tions of [Fig. 7. 1If either conversion

VAR LBLE
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1

TO AYDIO
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-

Fig 8. Typical circuit in skeleton form. Circuits ahead of the first detector output and
those following the third detector are omitted. They have nothing to do with the unique
triple detection action
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Fig. 7. A double tone ig secured by sweep.
ing the signal completely across the ad-
mittance band. Shaded portions of Figs.
6 and 7 show the portion of the signal
outside the admittance band

oscillator is now slightly retuned so
that the carrier crosses the admittance
band limits on only one side, the funda-
mental tone of 236 cycles will be re-
stored.

In the example just cited for obtain-
ing the double tone, the mean carrier
frequency has been within the admit-
tance band, as indicated in Fig. 7. The
same effect will be produced by adjust-
ing the average carrier frequency to a
point outside the admittance band, and
then deviating it into and through (be-
vond) the band.

The double-tone frequency provides
a new technique of securing selectivity
which is advantageous when the de-
sired signal is under a barrage of ad-
jacent QRM. Under such circumstances,
it is possible to deviate the desired sig-
nal for the double tone, while inter-
fering signals will pass in and out of
the admittance band only once per cycle.
The experienced operator will have no
difficulty in copying the 512-cvcle sig-
nal while automatically rejecting the
“spurious” fundamental.

In the foregoing, we have discussed
deviating the frequency of the local os-
cillator to swing the resultant frequency
within and without the admittance band.
Obviously, a similar result can be ef-
fected by maintaining the frequency of
the local oscillator constant and deviat-
ing the cut-off frequency of the third
or fourth infinite rejector circuits —
or both. Careful study of the wiring
diagram, Fig. 8, will suggest this and
other possibilities.

The minimum deviation which will
satisfactorily modulate the signal should
not be exceeded. Excess deviation has
an effect of broadening the band, with
an increase in noise and the probability
of interference. In conclusion, it should
be noted that adjustments of the con-
version oscillator and deviation control
do not have to be changed once prop-
erly made, unless it is desired to vary
the band width. Signals are tuned in
and out with the main tuning control
of the recciver.
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Final Testing of
BROADCAST

Methods and technique of making tests of high-power broad-
cast transmitters prior to putting the installation on the air

EFORE FIN AL testing can take place in

a conipleted broadcast installation,

it is necessary that a dumnty an
tenna of the required impedance and
power dissipation rating be available.
or that the transmission lines and an-
tenna circuits be properly adjusted so
that the power amplifier will work into
its intended load.

Antenna Tuning

It is well known that the impedance
of an antenna follows conventional
transmission-line theory and does not
vary with frequency as does the im-
pedance of an ordinary tuned circuit.
The reactive component of the antenna
impedance varies rapidly from capaci-
tive to inductive at each quarter wave-
length point and antennas of nearly
these values in electrical height at the
operating frequency must have accurate
impedance measurements made so that
tuning and feeding methods may be
devised. The reactance of the antenna
must be determined because the tuning
reactance required to bring the system
to resonance at the operating frequency
must be equal to that value in magni-
tude, but opposite in sign. The resistive
component must be determined in order
to devise the coupling circuit necessary
to match the transmission line to the
antenna.

One method of determining antenna
reactance is shown in<Fig. I. An oscil-
lator tuned to the desired frequency is
used to excite the variable inductance L
and the calibrated variable condenser C
in the arrangement as illustrated. Clos-
ing switch 7 connects the antenna ter-
mination with the measuring elements.

HAROLD E. ENNES
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Fig. 2. Conventional circuit for measuring
effective antenna resistance. Procedure
is described in the text

\With the oscillator tuned to resonance
at the operating frequency as deter-
mined by minimum plate current indica-
tion of the oscillator tube (unity power
factor), the calibrated condenser C is
varied to the point of maximum indica-
tion of the ammeter A4, indicating that
the reactance of the entire circuit has
been cancelled. The condenser capacity

L

N

Y
LVAY)

6
w
=
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4
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¥

Fig. 1. One method of measuring antenna reactance

42

www americanradiohistorv com

at this point is noted from the calibra-
tion and the capacitive reactance of the
condenser determined for the operating
frequency as
10°
Xe = —— ohms

wC

Switch 7 is then opened and switch 2
closed. The condenser is again varied
until the series circuit is in resonance
as again indicated by the ammeter. The
new capacitive value is used to deter-
mine the reactance as before. It is ob-
vious that the ditference between these
two reactance values will be the effec-
tive antenna reactance. The sign of the
reactance is determined by noting in
which direction the capacitor was varied
for the latter operation to bring about
resonance. If the capacity was in-
creased. the antenna reactance is nega-
tive (—j) and a coil must be used to
turn the antenna system to resonance.

The resistive component of antenna
impedance includes dielectric losses.
eddy currents losses in nearby objects.
and radiation resistance. The conven-
tional circuit for measuring effective
antenna resistance is shown in Fig. 2,
and the formula is

L
R¢ = —-— R1
I-1,
antenna resistance
antenna current with the
known resistance R: short
circuited.
I, = antenna current with R,
in the circuit.

The procedure is as follows: the an-

tenna circuit is adjusted to resonance
by means of the capacity C, or induct-
ance L, depending on the reactance of
the antenna as outlined earlier. The
short circuiting switch is closed to re-
move R, (the known resistance), and
the reading noted on the r-f milliam-
meter. This is / in the above formula.
The switch is then opened and a small
value of the calibrated resistor inserted.
This will result in a new reading /, in
the formula. The antenna resistance R,
is then calculated as shown. It is usual
practice to take meter readings at 5 or

MAY, 1945 x
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TRANSMITTERS

6 different values of inserted resistance
and the results averaged.

Circuit Tests

Circuit tests up to the modulator and
final stage have Dbeen outlined in a
previous paper.* IHigh power should
not he applied to the transmission line
until the coupling and tuning units have
been adjusted to the correct character-
istics by means of the oscillator as just
described. High power applied to a
transmission line that may be out of
correct adjustment is apt to cause high
standing waves on the line. causing
arc-overs, especially in closely spaced
elements of a concentric line. When the
proper impedance matching has been
achieved, low power is applied to the
line, and a final check made on the
antenna installation by inserting an am-
meter in series with each end of the
transmission line, It is usually consid-
ered a satisfactory adjustment if the
two meters show an indication with
20% of the value of the following for-
mula:

114
Io = —
Zs
— transmission line current in
amperes
IV = power in the radiator (an-
tenna current squared X
antenna resistance)
Zs = characteristic impedance of
transmission line.

where /.

Before applying the power to the
modulator and final stages, the asso-
ciated overload relays should be checkel
to assure satisfactory operation. This
may be done by applying a low d-c
voltage of approximately 10 volts be-
tween the center tap and ground of the
filament transformer secondaries of the
circuit tested. This will cause sufficient
overload current to flow to operate the
relays.

The final stage may then be tested hy
applying low power to the stage with
the modulator power opened so that no
power is being applied to the modula-
tors. The tank circuit is then adjusted
to resonance by the usual procedure.
[f everything is still normal, the high
power may then be applied. Checking

*H. Ennes: “Broadcast Transmitter In-
stallation and Tuning.” Ramo: March
1945,

* MAY, 1945

of correct neutralization to assure that
no spurious oscillation exists may be
made by removing one of the crystals
trom the spare crystal circuit so that
the oscillator sclector switch mav he
thrown to this circuit to kill the oscil
fator circuit with low power applied to
the final stage. This should cause all
grid currents to drop to zero.

The final stage plate supply should
then be opened at a convenient point
and power applied to the modulator
plates and the static plate currents ad-
justed by the means provided. If trouble
is experienced in Dbringing the static
plate current down. it may be that the
inverse feedback circuit is improperly
phased. This is. of course, easily de-
termined by reversing the connections
of the feedback circuit and observing
the effect on the modulator plate cur-
rent.

Field-Strength Measurements

A transmitter may be considered to
radiate waves in a horizontal plane,
and also a family of waves in a1 vertical
plane at varyving angles to the horizon-
tal. Therefore a really complete meas-
urement would involve a determination
of the intensity of all waves. vertical,
longitudinal and lateral components at
any particular receiving point along
with the phase angles at that point. This
has been reduced in practice to measur
ing the vector components of the field
and uvsing the data statistically to de-
termine the over-all effects.

www americanradiohistorvy com

Typical Field Intensity Meter

There are two general methods of
measuring field intensity. The “stand-
ard-antenna” method consists of meas-
uring the voltage produced by the field
to be measured in a standard antenna
of prescribed dimensions and form, and
computing the field intensity by this
induced voltage magnitude. The other is
the “standard-field” method which con-
ststs of comparing the voltage induced
by the field to be measured with that
of a standard field of known strength
supplied by a local transmitter at short
distance. The standard antenna method
ts the most common for broadcast
measurements and will be briefly out-
lined.

Standard-Antenna Method

The ~tandard receiving antenna used
for broadeast frequencies is usually a
loop type antenna carefully balanced to
ground and electrostatically shielded hy
heing enclosed in a pipe by means of

| Continued on page 54]

Tyre 69A Noisc and Distortion Meter ( Conrtesy RCA)
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NO. 36—AUDIO AMPLIFIER PLATE CIRCUIT EFFICIENCY;

CAPACITOR POWER FACTOR

T e s S

AUDIO AMPLIFIER PLATE CIRCUIT
EFFICIENCY

The term plate efficiency, of a tube,
usually refers to the ratio of direct
current taken by the tube to the signal
output power delivered. In Fig. 1 is
shown a type 45 tube driven by a type
56. The 45 tuhe, operated as a class A
audio amplifier, draws 36 ma plate cur-
rent at 275 volts. Under these conditions
the single 45 will deliver 2 watts. The
power drawn from the plate supply is:

275 %X 036 = 9.9 watts
20/99 20.2%

If the plate efliciency ot the whole
audio-amplifier of Fig. 1 is considered,
it will be lower than for the power stage
alone. The 36 tube draws .005 ampere
at 250 volts. The power taken by the 56
tube from the plate supply is:

250 X 005 = 1.25 watts
The maximum signal power delivered

is still 2 watts. Hence the efficiency of
the combination is:
20 20

99 +125 1115

In Fig. 1 the voltage drop in the
transformer primary winding is neg-
lected. In actual practice this is usually
allowed for by delivering a somewhat
higher voltage to the low end of the
primary so that the full voltage shown
is delivered to the plate.

If a 75 tube is used to drive a 42
pentode the 42 may draw 034 ampere
plate current at 250 volts and .0065
ampere screen current. The plate effi-
ciency of the 42 is:

30 30

034 % 250 85
The plate and screen efficiencies of

the 42 tube are:
3 3

about 18%

35%

8.5 4+ (250 x .%065) 854183
= = 28%
10.33
The plate power of the 75 is:

250 x .0008 = 0.2 watt
which leaves the amplifier plate and
screen efficiency at about 28% or 10%
higher than the amplifier of Fig. 1.

56

AAAAAAAA
YVVYVYVVY

250 V.
.005 A,

Figure 1

An efficient combination may be had
from a class B simplifier. For this com
bination a 53 tube may be driven by a
56. At 300 volts on the plate the 53
draws 0175 ampere at no load, 0.125
amipere plate current at full load, to
deliver a power output of 10 watts a
signal. The wattage drawn at full out:
put from the power source is:

300 X 0.125 = 37.5 watts
10/37.5 27%

The plate current is seldom 0.125 em
pere for any appreciable time. As a
matter of fact, it might average more
nearly .02 ampere. The plate dissipa-
tion under such conditions would then
be 6.0 watts. Actually, plate ethciencies
of 50% to 709% may in in some cases
be achieved with this combination at
a small sacrifice in fidelity. Thus we
have:

Output Power  Efficiency Harmonic
Tube # Output Watts in%  Content %
45 20 18 3
12 3.0 28 7
53 10.0 50 10

c

-

r = EQUIVALENT
SERIES RESISTANCE

®

D=
N
8 o

®

Figure 2

R S
c FNTEICER

CAPACITOR POWER FACTOR

The dielectric power loss in a pure
capacitave is zero, Since the loss is due
to resistance, it may be represented
either as in series with the capacitor or
in multiple with it, as shown in Fig. 2.

The reactance of the capacitor is:

2nFC
If an alternating voltage is applied to
the capacitor terminals a current / will
flow through it as follows:
Int the case of Fig. 2(a):

I = == 2¢FCe
In the case of Fig. 2(b):

Z Ve 9

In the case of most capacitors r is
so very much smaller than X that it
may be neglected, whence:

I

€
I. 2nFCe
X
In the case of Fig. 2(c), the effective
shunt resistance R is so large that it
will take negligible current and may be
assumed to be infinite as far as current
flow is concerned.
Power = [*r = 4=°[“C’¢r for series
resistance

2

€

Power for equivalent shunt
resistance
Whence :
42 FCr = ".’/R
1/47°F*C’R
rR = 1/X°
R:—‘_—
4mefic?r

R = EQUIVALENT
SHUNT RESISTANCE

©
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PRODUCTION TESTING

ing of equipment and components is

accomplished by crude and painstak-
ing methods that are often too subjec-
tive to be accurate. Iiven simple testing
devices and kinks known and used
for vears by old timers in the industry
are not employed in places where they
could improve and speed up procedures.

In some plants production test equip-
ment is elaborately and usually ade-
quately designed from an electrical cir-
cuit standpoint. However, the engi-
neers sometime overlook the necessity
of providing proper mechanical design,
simple and easy connection to the com-
ponent under test, and a means for
eliminating the personal equation to
make the interpretation of the test re-
sults purely objective.

IN many radio plants production test-

Design Considerations

There are a number of definite fac-
tors which must govern the design
of production test equipment if it is
to be at all successful. Of course, the
most important of these factors is that
the test equipment subject the com-
ponent to a complete test which takes
into account the allowable tolerances.
liqually important are the results of
the test and their interpretation. The
test indication must be presented in
such a manner that the results can be
quickly interpreted objectively by an
inexperienced  operator.  Automatic
operation where possible is even more
desirable.

If the objective interpretation of
the results is carefully considered and
applied in the design and building of
the test equipment, the other factors
will follow with little or no extra
thought. A suitable piece of production
test equipment will have a neat appear
ance, must be constructed to stand up
under continuous duty and severe treat-
ment, provide simple and foolproof
switching, and easy connection to the
component under test. In addition to all
this, the cost must be justified by the
quantity of components to be tested
and the time saved in making the test.
Obviously. one would not design and
build an elaborate automatic machine
to test a few hundred pieces.

A Typical Design

Iivery automatic machine, however,
need not be an elaborate and costly one.
As a typical example the accompanying

* MAY, 1945

[RADIO]

ROBERT G. HERZOG

Consulting Engineer

Data on the design of automatic test apparatus

SENSITIVE RELAY
Y SOLENOQID

© s mULE

o2 0 =
BALANCED
BRIDGE VACUUM - TUBE
AMPLIFIER
[+ O
-] [«

MWW <6— COMPONENT UNDER TEST

yyvy

0 0—,—‘7(

SWITCH

L..

MECHANICAL
DOOR-OPENING
DEVICE

Fig. 1. Block diagram of a typical automatic test machine for fixed resistors

circuits and sketches are for a simple
automatic machine designed to test
fixed resistors. DBy slight modification
the same machine can test fixed capacita-
tors, inductances or coils. It is inex-
pensive in design and construction and,
if carefully made, can be accurate and
trouble-free. The test results when
once set are completely objective. A
block diagram of the device is shown
in Fig. 1.

In this antomatic tester a mechanical
arrangement sets the resistor up for
test at the top of a chute. The resistor
is tested in a Dbridge circuit (see
Fig. 2). The bridge is connected to a
balanced vacuum tube amplifier with a
sensitive relay in its plate circuits. The
relay controls a solenoid circnit which

operates a door or opening in the chute
(see I'ig. 3).

The circuits in the bridge and vac-
uum tube amplifier are so selected and
adjusted that if the resistor is within
tolerance limits the sensitive relay is
not energized, leaving the solenoid cir-
cuit inoperative. In this condition the
chute door is closed. \When the resistor
is released from its mechanical holding
and connecting arrangement it shdes
down the chute to a bin for passed
resistors.

If the resistor under test is outside
oi tolerance limits a voltage is devel-
oped across the input to the bhalanced
vacuum tube amplifier and the sensitive
relay becomes energized. This in turn

[Continued on page 66]

% SENSlTlVE
BRIDGE ’
%

BALANCED MECHANICAL
V.T. AMPLIFIER
OPENING
% DEVICE \

2

\\-\

4

d

1 %
SOLENOID

s
A

o
SWITCH

Fig. 2. Schemaiic of automatic tester for fixed resistors
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This Month

NEW RESEARCH CORPORATION

Through the formation of a $2,000,000
corporation uniting their efforts, electronic
scientists of International Telephone and
Telegraph Corporation functioning in
America and numerous other countries will
be grouped in a world-wide organization,
with headquarters in the United States.
Announcement of the corporation, formed
in Delaware as International Telecommu-
nication Laboratories, Inc., was made today
hv Colonel Sosthenes Behn, President of
I.T.&T. and chairman of the hoard of di-
rectors of the new company. The scientific
corporation was created to make possible
ultimately an exchange of inventions and
closer coordination of I[.T.&T.’s world-
wide electronic research work, including
ddvancements in radio, television, and other
branches of the communications arts and
the aids to aerial navigation which they
will afford in the postwar era

E. M. Deloraine, internationally known
scientist and General Director of Federal
Telephone and Radio Laboratories, New
York, is President of the organization. The
corporation is owned jointly hy [.T.&T.
and a subsidiary. International Standard
Electric Corporation. Among the other
officers elected were Harold H. Buttner
and Douglas B. Baker. vice presidents:
Pau! F. Swantee. comptroller; O. C. Bu
chanan, treasurer, and C. Douglas Webb.
secretary.

Because International Telephone and
Telegrarh Corporation has research and
development laboratories in New York as
well as in London and Paris and numerous
manufacturing companies and communica
tions orerating systems in many parts of
the world, the need of a single organiza
tion to coordinate the scientific work of
these widely separated groups is obvious.
International Telecommunication Lahora
tories. Inc.. will concentrate upon initiating
inventions. developing themn, and providing
an interchange of information on rostwar
activities among System laboratories. and
manufacturing and communication subsidi
aries

MICROWAVES AND PCST-
WAR COMMUNICATIONS

Methods of communication such as tele-
vision, walkie-talkie, plane to plane. ve
hicle to vchicle, all possible commercial
applications of radar, and relay link com-
munication are but a few of the possible
uses to which the transmission and re-
ception of microwaves will be put as soon
om T i o W
\W. Hansen, research engineer for the
Sperry  Gyroscope Company. who ad-
dressed members of the Institute of Ra-
dio Engineers at Rochester, N. Y., re
cently

Winner of the Lichmann Memorial
Prize for the application of electro-mag-
netic theory to radiation, antennas, reson-
ators. and electron bunching; and for the
development of practical microwave equip-

[RADio] * MAY, 1945

according to D1 W
according to bir.

Pictured is the designer's conception of Federal Telephone and Radio Corporation’s
research laboratories, the first unit of which is now under construction at the Nutley.
N. J. site. Specially designed to meet the exacting requirements of electronic research.
this structure. when completed. will serve as headquarters for the research activities of
International Telecommunication Laboratories, Inc.. in the postwar era

ment and technique. Doctor Hansen is
convinced the application to communica-
tion of these very short waves that can be
formed into bearns like searchlight beams
and can penetrate darkness, fog, dust,
snow, and rain will be an entirely new

field for development once the war has
been won. He gives three reasons for his
conviction.

First, a very large number of wave
bands will be available. Theoretically, at
least, these could number two or three

The 50-kw RCA iransmitter housed In this building along the Puente Alto road. will soon
be sending out the first longwave broadcasts to cover the curving 2800-mile length of
Chile. Station CBl14. with studios in downtown Santiago. was built by RCA’s Chilean
Company. Corporacién de Radio de Chile, is now owned and will be operated by the
Corporacién Chilena de Broadcasting, headed by Adriano Iz Reyes

www americanradiohistorv com
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million. That is, two or wnrce million sta-
tions could operate smultaneously and in
the same neighborhood without interfer-
ence. From an economic standpoint how
many it will be practical to permit the
use of will, the Sperry enginecr says, be a
problem to be settled by the Federal
Communications Commission within the
borders of the United States and a similar
regulative body for international com-
munications.

Another of his reasons for believing
that the use of microwave radiation will
enjoy considerable growth after the war is
that the passage of signals between trans-
mitter and receiver can often be accom-
polished with less attenuation, or lessen-
ing, than is possible when longer wave
lengths are used. According to Doctor
Hansen, the allowable and the attainable
attenuation should be scparately evaluated
in each instance where broadcasting is to
be used. When this is done, it is often
found that microwaves give less atten-
uation than longer waves.

A third factor which the Sperry engi-
neer thinks will have a considerable bear-
ing on the popularity of microwaves in
methods of postwar communication is the
fact that it is possible to build apparatus
that is a number of wave lengths in size.
This is not practical in the transmission
and reception of longer wave lengths. The
fact that microwaves do make possible the
building of single instruments of a size to
send and reccive several wave lengths of-
fers. for one thing, chances for new
methods of private communication. It also
offers a practical solution to one of the
most perplexing problems in television,
that of relaying. Since the waves which
transmit the impulses of television travel
only in straight lines, it is not possible to
project them along the ‘carth’s surface
bevond the horizon. A system of receiv-
ing and re-broadcasting or relaving is
therefore necessary. These relay receivers
and transmitters become practical only
when apparatus a number of wave lengths
in size is used. hence the need for micro-
waves.

PHILIPS RADIO PATENTS

The Hartford National Bank and Trust
Company as Trustee under an indenture
dated August 25, 1939, with N. \". Philips’
Gloeilampenfabrieken (Philips Incandes-
cent Lamp Works Company) of Eind-
hoven, Holland, has announced that on
July 1, 1945, all licenses issued by the
Radio Corporation of America under the

United States patents of Philips will
terminate.
These important patent rights have

flowed to American industry for the last
twenty years throngh license agreements
(now terminated) with R.C.A.. General
Electric Company and Westinghouse Elec-
tric and Manufacturing Company. Licenses
under these patents were also included in
the license granted by the R.C.A. to the
Government for war purposes. Practically
all major radio communications equipment
today incorporates principles covered by
Philips patents.

The Trustee is taking steps to make the
patent rights available to the Government
and industry under appropriate terms after
the present licenses expire. R.C.A., Gen-

48

eral Electric and Westinghouse will con-
tinue to hold nom-exclusive licenses after
July 1 under existing patents.

The Philips scientific laboratories at
Eindhoven, Holland, are among the most
famous in the world. Eindhoven was over-
run by the Germans in 1940, but liberated
late last year. The scientific staff and the
laboratories were found virtually intact.

It is also planned that future United
States patents on inventions of Philips sci-
entists will be made available to the in-
dustry.

SYLVANIA TO OPEN NEW PLANT

Expansion of manufacturing facilities
for the production of electronic products
will include a new plant at Marietta, Ohio,
according to a recent announcement by
Sylvania Electric Products, Inc. The new
22,000 sq. ft. plant will be located in a five
story brick building recently leased from
the Marietta Chair Co. W. H. Lamb will
serve as plant manager and Edward Lewis
will be resident general manager. Produc-
tion is scheduled to begin at an carly date.

PERSONAL MENTION

J. N. A. Hawkins

The appointment of Mr. J. N. A. Haw-
kins as General Sales Manager of Indus-
trial Electronic Products of Sylvania Elec-
tric Products, Inc., has been announced by
Don (. Mitchell, Vice President in charge
of sales.

Mr. Hawkins, with Sylvania headquar-
ters at 500 Fifth Avenue, New York City,
will have -responsibility for products in-
volving applications of electronics to com-
merce and industry, and will also be con-
cerned with some products in their
development stages.

J. N. A, Hawkins

Born in San Francisco in 1907, Mr.
Hawkins attended the University of Cali-
fornia, l.os Angeles City College, and
Stanford University. He has been widely
known among electronic engineers since
1930, having served as technical editor of
RADIO, partner with Eitel-NMcCullough
(Eimac), and later as chief transmission
engineer of the Sound Department at Walt
Disney Studios where he developed the
three-channel ‘“Fantasound” Pilot Tone
Recording and Reproducing Systems used
in the picture “Fantasia.”

Since 1941 Mr. Hawkins has been en-
gaged in classified research in Naval War-

www americanradiohistorv com

fare methods and cquipment, and has
served overseas in Central America, South
America, Europe, Africa and Asia. He has
been an active radio amateur since 1919,

H. I. Reiskind

Appointment of H. I. Reiskind as Chief
Engineer of the Record Department of
RCA Victor Division has been announced
by J. W. Murray, General Manager of
RCA Victor record activities. Mr. Reiskind
was formerly Record Research and Ad-
vance Development Engineer for the RCA
Victor plant in Indianapolis.

H. 1. Reiskind

Mr. Reiskind will make hi» headquarters
in Camden. .\ mnative of Ncew Rochelle,
N. Y., he was graduated from Rensselaer
Polytechnic Institute with an E. 5. degree.

Arthur C. Omberg

Appointment of Arthur C. Omberg as
chief research engineer of the Bendix
Radio division of Bendix Aviation Cor-

Arthur C. Omberg

poration was announced here today by
W. 1.. Webb, the division's director of
engineering.

Omberg, formerly assistant chief of the
operational rescarch branch of the U. S.

[Continued on page 64]
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Its Application—E. Kramar and W. Hah-
nemann—I.R.E. Proc.. Janvary 1938.

40-CM \Waves for .Aviation—Electronics,
November 1939,

Aircraft Instrument Landing Research at
the MI.T.E.I.—Bowles—/RE Proc.. June
1939.

Instrument  Landing—H. \W. Roberts-
Aero Digest, October 1939,

Instrument T.anding on 40 Centimeter
Waves; CAA—MIT. System Demon-
strated. . Fink—. Iviation, November
1939.

Metcali Blind Landing System for Air-
planes—Science, March 10, 1939,

Scctoral Electromagnetic Horn; Applica-
tion to a Straight Line Blind-Landing
System for Airplanes. W. L. Barrow and
F. D. Lewis—Proccedings IRE, January
1939.

Electrons Dance the Rhumba: Klystron,
Generator of Powerful UHF Radio Waves:
Useful in Blind Landing System for Planes
—A. R. Boone, Scientific American, Janu-
ary 1940.

Theory of the Electromagnetic Horn —
\W. L. Barrow and L. J. Chu—Proceedings
TRE, Vol. 27. Pages 531-64: Vol. 27, Janu-
ary 1939,

Metal Hlorns as Directive Receivers of
Ultra-Short Waves—G. C. Southworth and
A. P. King—Proc. IRE. Vol. 27. Pages
95-102, Fehruary 1939

The Sectoral Electromagnetic Horn—\\".
I.. Barrow and F. D. Lewis—Proc. IRE.
Vol. 27. Pages 41-50. January 1939,

Aircraft Instrument landing Research at
the Massachusetts Institute of Technology
—E. L. Bowles—Proceedings IRE, Vol. 27,
Page 409, June 1939. (Summary only).
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Klystrons—Electronics—\ol. 13, No. 1,
January 1940, Page 25.

Cathode Ray Amplifier Tubes—/lectron-
ics, Vol. 12, No. 3, April 1939, Page 9.

Electromagnetic Horns—G. Reber—Com-
munications, Vol. 19, No. 2, February 1939,
Page 13.

500-Cvcle Blind Landing System—E. N.
Dingley—.dviation, July 1939, Page 00.

An Instrument Landing System—E. X.
Dingleyv—Comuuumications, \'ol. 18, No. 6,
June 1938, Page 7.

Communication

Predictions of Normal Radio Critical Fre-
quencies Related to Solar Eclipses in 1940
—N. Smith—Journal of Rescarch of the
National Burean of Standards—\ol. 24,
No. 2, February 1940, Page 225,

How the Atlantic Will Be Flown—The
Radio—H. C. Leuritz—A4ziation, Vol. 38,
No. 3. March 1939, Page 40.

Telecommunication Services for Civil Avi-
ation—R. M. Badenach—/nst. Eng. Austra-
lia Towrnal—9 :413-421, October 1937.

Application of Radio Technique to \erial
Navigation—Journal  Teleconummications,
4:301-307. November 1937.

Radio in Aviation: A General Survey
with Special Reference to the Royal Air
Force—H. F¥. S, Hecht—/.E.E. Journal.
15:215-237. August 1939.

Aircrait Radio—1939—Flectronics, 12:10-
14. 42 January. 1939.

Aviation Radio—D. \W. Roberts—.lcro
Digest. 35:44-59, September 1939.

Aviation Radio — D. Fink — Published
Monthly in Numbers of .lviation.

Radio Facsimile: New Method of Trans-
mission Between Aircraft and  Ground-
Acro Digest. 34:77—January 1939,

Radio in Navigation—C. D). Tuska-
Journal Franklin Inst., 228:433-443-581-
603. October-November 1939.

RCA Aircraft System for Two-Way Com-
munication, Direction Finding and Inter-
phone Communication.on Board the \ir-
plane, Aero Digest—35:28-30, July 1939.

[Continued on next paycl
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Radio Procedure on American Export Air-
lines—H. W. Roberts,Aero Digest—35:28-
30, July 1939,

Radio for Private Aircraft Communica-
tions—Maintenance, H. T. Sagert, Aero
Digest, 35:42-3, December 1939.

New Radio Procedure for Transatlantic
Air Trafhc, H. W. Roberts, Aero Digest,
Vol. 36, No. 4, April 1940, Page 27.

Notes on the Random Fading of 50-Mega-
cycle Signals Over Nonoptical Paths—
K. G. MacLean and G. S. Wickizer—
Proceedings IRE, Vol. 27, Pages 501-506,
August 1939,

Observations on Sky-Wave Transmission
on Frequencies Above 40 \legacycles—
D. R. Goddard—Proceedings IRE, Vol.
27, Pages 12-15, January 1939; RCA Re-
view, Vol. 3, Pages 309-315, January 1939.

Gain of Direction Antennas—\V. S. Dut-
tera—Electronics, Vol. 13, No. 2, Febru-
arv 1940, Page 33.

Narrow Band Telephone Transmission—
J. A. Casepely—Electronics, Vol. 313, No.
3, March 1940, Page 14.

Megacycle Receivers—Electronics, Vol. 13,
No. 4, April 1940, Page 30.

Ground Wave Propagation Characteristics
—C. L. Smith, Communications, Vol. 20,
No. 4, April 1940, Page 7.

The Velocity of Propagation of Electrical
Disturbances—S. Ramo—Connunications,
Vol. 20, No. 3, March 1940, Page 9.

Carrier and Side Frequency Relations with
Multi-Tone Frequency for Phase Modu-
lation—M. G. Crosby—RCA Review, Vol.
3, No. 1, July 1939, Page 103.

Linear Rectifier Design Calculations—E. A.
Laporte—RCA Review, Vol. 3, July 1938,
Page 121.

Ultra High Frequency Equipment for
Relay Broadcasting—\W. A. R. Brown,
RCA Review, Vol. 3, October 1938, Page
133.

Review of Ultra High Frequency Vacuum
Tube Problems—B. J. Thompson—RCA
Review, Vol. 3, October 1938, Page 146.

Survey of Ultra High Frequency Measure-
ments—L. S. Nergaard—RCA Review,
Vol. 3, October 1938, Page 156.

Observations on Sky-Wave Transmission
on Frequenciecs Above 40 Megacycles—
D. R. Goddard—RCA Review, Vol. 3,
January 1939, Page 309.

Television Reception in an Airplane, R. S.
Holmes—RCA Review, Vol. 4, January
1940, Page 286.

Antennas—H. H. Beverage, RCA Review,
Vol. 4, July 1939, Page 108.
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Horizontal and Vertical Polarization —
Field Strength of 49.5, 83.5 and 142 Mega-
cycles from Empire State Building — New
York—G. S. Wichizer——RCA Review, Vol.
4, April 1940, Page 397.

Service Range of Frequency Modulation—
M. G. Crosby—RCA Review, Vol. 4, Janu-
ary 1940, Page 349.

The Limits of Inherent Frequent Stability
—W. Van B. Roberts, RCA Review, Vol.
4, April 1940,

I-F Selectivity in Receivers for Commer-
cial Radio Services—]. B. Moore and H.
A. Moore—RCA Review, Vol. 4. January
1940, Page 319.

Design of Superheterodyne Intermediate
Frequency Circuits—S. P. Spaulding—
RCA Review, Vol. 4, April 1940, Page 485.

A Method of Measuring Frequency Devi-
ation—H. G. Crosby—RCA Review, Vol.
4, April 1940, Page 473.

Ultra High Frequency Propagation For-
mulas—H. O. Peterson—RC.A4 Review,
Vol. 4, October 1939, Page 162.

Developments in Aircraft Radio Area—
Electronics, February 1938, Page 20.

Electric Resonanze Chambers—G. Reber
—Communications, Vol. 18, No. 12, De-
cember 1938, Page 5.

¥requency Modulation Transmitters—E/ec-
tronics. Vol. 12, No. 11, November 1939,
Page 20.

Frequency Modulation Advances—Electron-
ics, Vol. 12, No. 3, March 1939, Page 14.

UHF Power Amplifier of Novel Design—
A. V. Haeff—Electronics, Vol. 12, No. 2,
February 1939, Page 30.

Rezent Developments in Aircraft Radio—
Electronics, Vol. 12, No. 1, January 1939,
Page 10.

Automatic Threshold Control for Radio
Telegraph and Telephone Receivers —
L. Hollingsworth—Communications, Vol.
19, No. 6, June 1939, Page 10.

Frequency Modulation—C. H. Yokum—
Communications, Vol. 19, No. 1, Novem-
ber 1939, Page 5.

New UHF Transmitter—Conmunications,
Vol. 19, No. 12, December 1939, Page 10.

Radio in the European War—H. \V. Rob-
erts—Aero Digest, Vol. 36, No. 6, June
1940, Page 51.

An Ultra High Frequency Aircraft Re-
ceiver—C.AA4 Techiical Report No. 2,
September 1938.

Contribution to the Study of Screening the
Ignition Circuits of Aero Engines — M.
Marchisio — Alta Frequensa, 7:844-859,
December 1938.
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Bendix Announces Two New Receivers
for Communication and Beacon Use —
Awviation, 36:44, December 1937.

Bonding and Shielding of Aircraft—N. T.
Clark, Aero Digest, Vol. 36, No. 4, Apri}
1930, Page 42.

Evidence of a Periodic Deviation from the
Schottky Line—I. R. L. E  Seifert and
T. E. Phipps—Phys. Rev., Vol. 56, Pages
652-663, October 1, 1939.

Evidence of a Periodic Deviation from the
Schottky Line—I. R. L. E. Seifert and
Phipps—Phys. Rev., Vol. 56, Pages 663-
052-663. October 1. 1939.

Periodic Deviation from the Schottky Line
—H. M. Mott-Smith—Phys. Rew., Vol
56, Pages 668-669, October 1, 1939.

Valve Noise at Low Frequency—\V. Graf-
funder—Telefunken-Réhre, No. 15, Pages
41-63, April 1939.

Rerort on Noise in Vacuum Tubes —
F. B. Llewellyn—U.R.S.I. Proc. of 1938
General Assenmbly—Venice and Rome, Vol.
5, Pages 8-12.

Report on the Present State of Knowledge
Concerning Fluctuation Voltages in Elec-
trical Networks and Thermionic Tubes —
E. B. Moullin—U.S.R.I. Proc. of 1938
General Assembly—Venice and Rome, Vol.
5, Pages 12-17.

Noise in Frequency Changer Valves (let-
ter)—E. Lukacs, F. Preisach and Z. Szep-
sci—Wireless Eng., Vol. 15, p. 611, No-
vember 1938.

Input Resistance of R-F Receiving Tubes:
Effect on Circuit Gain and Selectivity at
High Frequencies—George Grammer—
QST, Vol. 23, Pages 41-43, 90, May 1939.

An Experimental Investigation of the
Characteristics of Certain Types of Noise
—K. G. Jansky—Proceedings ITRE, Vol.
27, Pages 763-768, December 1939.

Atmospherics in Radio Broadcast Recep-
tion at Calcutta—S. P. Chakravarti, P. B.
Ghosh and H. Ghosh—Proceedings [RE,
Vol. 27, Pages 780-783, December 1939.

Australian Radio Research Board, 10th
Annual Report, 3. Work on Atmospherics
—Jour. Cowncil Sci. and Indust. Rec.
(Australia), Vol. 2, Pages 330-331, 332,
November 1938.

Peak Field Strengths of Atmosphericas due
to Local Thunderstorms at 150 Mega-
cycles—J. P. Schafer and W. H. Goodall
—Proc. IRE, Vol. 27, Pages 202-207,
March 1939.

Research on Atmospherics in Italy—P. Ilar-
di—Radio ¢ Televizione, Vol. 3, Pages
317-318, March 1939.

The Nature of Atmospherics, VI—F. E.
Lutkin—Proc. Roy. Soc. (London), Vol.
171, Pages 285-313, June 1939,
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New Products

PORTABLE ELECTRIC WELDER

The Welprod Electric Welder for oper-
ation from 110 volts, a. ¢. or d. c., has
recently been introduced by the \Welder
Products Company, 321 Broadway, New
York 7, N. Y. This portable welder
develops a heat up to 7000° F. and is
designed for either electric arc welding in
conjunction with fluxed rods, or for flame
welding using a carbon arc.

This welder may be used for repair
work on iron, steel, cast iron, bronze,
aluminum, etc. It is also adaptable to melt-
ing, burning, cutting (on light metals),
case hardening, hard surfacing, and tem-
pering. In general use the welder will
handle metals up to ¥4 inch in thickness.

\ descriptive pamphlet may be obtained
by writing the manufacturer.

NEW JENSEN SPEAKER

A new and important addition to the
Jensen family of Speech Master s; cakers—
Type NV¥-300 Reproducer—has just been
announced by Jensen Radio  Manufactur-
ing Company, Chicago, 11

Type NIF-300 Reproducer was  origi-
nally developed by Jensen engineers for
use as a loud speaker and microphone
(talk back) in ship intercommunicating

systems so ot has all of the physical and
audio features of reliability and - erform-
ance required of sca going, battle-tested
equipment,

Unusual compactness is achieved by a
uniquely designed reflex horn, the rim of
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which provides for panel mounting, while
carrying the protective screen assembly.
The Alnico 5 permanent magnet material
is used. giving exceptional field strength
in minimum space. The diaphragm is of
moulded phenolic and the sound chamber
is a combination of moulded bakelite and
metal cast'ngs. The voice coil impedance
is 12 ohms, nominal value. Maximum power
handling ca:acity for speech is 10 watts.

While Type NF-300 Reproducer is a
special  purpose  speaker, it nevertheless
meets a wide demand for speech reinforce-
ment, unrlerstandable through high ambient
noise and where severe weather and the
most tryving operating conditions must be
coped with, The design accentuates speech
frequency, enabling the reproducer to over-
ride wind and background noise. Type N1I-
300 is in production and is available on
properly rated priority orders showing suit-
able end use.

PRECISION RESISTORS

Two new series of Riteohm Precision
Resistors—Series 82 and 83—are announced
by the Ohmite Manufacturing Com: any,

Chicago. These are additions to the Ohmite
Precision Resistor family which includes
the well known Series 71, 81 and 9%0.

The new units may be mounted by means
of a through-bolt, The Riteohm 82 has two
lug terminals at one end firmly fastened
by screws. The Riteohm 83 has radial wire
leads.

Both new units are pie-wound to 194
accuracy. Specially cnameled alloy resis-
tance wire is non-inductively pie-wound on
a non-hygroscopic ceramic hobbin  which
has a hole through the center for a No. 6
serew. After being wound, the units are
vacuum impregnated with a special varnish
which provides additional insulation and
thoroughly protects the winding against
humidity. The resistors can he supplied
with a varnish coating comtaining a fungi-
cidal agent, thus making the units particu-
larly suited for use in the troj ics.

\ few common applications for these re-
sistors are voltmeter multipliers, faboratory
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equipment, radio and clectrical test sets,
attentuation pads, and electronic equipment
requiring extremely accurate resistance
components,

For further information write for Bul-
letin No. 123 to the Ohmite Manufacturing
Company, 4835 Flournoy Street, Chicago
44, Illinois.

NEUTRALIZING CONDENSER

This new type TN condenser is an

addition to the tyije N line manufactured
Company,

by E. F. Johnson Waseca,

Minnesota for use in neutralizing circuits
of radio transmitters. It features the famil-
iar compact cylindrical construction in a
high voltage design. Two sizes are avail-
able, rated at 45,000 volts and 35,000 volts
peak breakdown, respectively.

Capacity ranges are 33.1 to 12.0 uuf for
the former and 26.0 to 7.2 uuf for the
latter.  Rough adjustment of capacity s
made by moving the outer cylinder under
the clamp. and precision settings are made
by rotation of a shaft, the location of which
may he changed in steps of 43 degrees
around the axis of the condenser.

The iHustration includes a 12-inch scale
to inl'cate the apvroximate size of the
condenser. Material is s un and cast alu-
minum.  Comnections are made direct to
aluminum  castings and leads may come
off at any angle.

INDUSTRIAL C-R TUBES

Cathode ray tubes for industrial appa-
ratus and oscilloscopes for the study and

wave forms and
electrical  voltages,
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currents, and frequencies and many other
production and laboratory scrvices are now
available from Sylvania Electric Products,
Inc. Tubes for replacement and original
equipment feature rugged construction, long
life and uniform electrical characteristics.
Standard 3\PI, 3BPI, 5API, 5BPI
SCPI and 5HPl RMA types are mass-
produced by modern automatic equipment
and similar tuhes may be supplied with P4
or other special phosphors. Cooperation
with special designs for unusual or ex-
perimental applications is offered through
the Commercial Engineering Dept.,, Syl
vania Electric Products, Inc., Emporium,
Pa.

TECHRAD’S INTERPOLATING
COUNTERDIAL

A superior Interpolating Counterdial has

been designed and manufactured by the
Technical Radio Company with scale gradu-
ations from 0 to 100 for ecach revolution of

WHEN THE GANG
COMES HOME

Last month we hinted about new gadgets for the

amateur as soon as the war is won.

Here is one

such unit which we are sure the gang will ap-
preciate—a CASCADE FREQUENCY MULTIPLIER
designed to produce optimum output over the whole
band from 160 to 10 meters without retuning. Band
selection is accomplished by a remote push button
and output frequency is controlled by any good

ECO.

COTO-COIL CO., INC.
COIL SPECIALISTS SINCE 1917
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the dial. Each graduation has two marked
divisions making a total of 200 readable
parts on the dial, with a practical possi-
bility of estimating accurately at least 200
more settings. An additional counting
mechanism records each dial revolution,
either forward or backward, thereby giving
an accurate log of the sctting in revolu-
tions and fractions of a revolution. It is
rractically impossible for a Techrad Inter-
polating Counterdial to get out of ad-
justment—the mechanism is simple and
there is no backlash because the dial is
coupled directly to the driven apparatus.

This Techrad Interpolating Counterdial
has many other valuahle features:

1. When used with a roller coil variable
inductor it is possible to obtain an cxact
record of the number of turns or fractions
therecof at any setting. The Interpolating
Counterdial is ideal when used with de-
vices operating on a lead-screw principle
as: lead screw type variable capacitors,
VHF signal generators, and variable cou-
pling devices. Other uses, some not in the
field of clectronics, are with piston-type
attenuators, roller coil variable resistors.
gear train variable capacitors. worm gear
driven capacitors. liquid or gas gate valve
to accurately control flow or to return
valve to a predetermined rate of flow and
cross feeds on light mechanical tools.

2. Speed and accuracy in reading is as-
sured. The numbers on the counter scale
and on the dial are horizontal.

3. All stock models have a direct drive
through stem shaft without gear ratio.

4. Standard stock counters have two digit
munbers (0 to 99). Three digit numbers
(000 to 999) available on special order.

For over a decade the Engineering and
Production departments of the Technical
Radio Company have bheen designing and
manufacturing superior products for the
field of electronics.

[Further information on this counterdial
may he obtained from the Technical Radio
Company, 275 Ninth St., San Francisco.

NEW ALIGNING KIT

This handy all purpose aligning kit con-
tains special tools for aligning radio and
electronic circuits. Included in the kit are
alligator and hexagonal screw drivers.
Complete and indispensable in adjustment
and aiigning of ail wave sets.

For further information write General
Cement Manufacturing Co., 919 Taylor
Avenue, Rockford. llinois.

CAPACITOR CATALOCG

A new 56-page, profusely illustrated Pa-
per Dielectric catalog just issued by the
Sprague Electric Company, North Adams
Mass., has been designed to serve as a
complete guide to the selection of these
popular components for practically cvery
industrial use. [n addition, there are notes
on capacitor selection and use to meet the
demands of the armed services, and a
wealth of Application Notes which will
prove invaluable to designers and cngineers
on practically any tvpe of work where
paper dielectric capacitors are involved.

[Continued on page 66)
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~hallicrafters equiPMENT
¥ COVERS THE SPECTRUM _.

.
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HE Mode! S-36 is prohably the most versatile VHF re-

ceiver ever designed. Covering a frequency range of 27.8 Jla({e/ 5-36
to 143 megacycles it performs equally well on AM, FM, or FM-AM-CW
as a communications receiver for C\V telegraphy. Equip-
ment of this type was introduced by Hallicrafters more than 27.8 to 143 Mc.

five years ago and clearly anticipated the present trend
toward improved service on the higher frequencies.

Fifteen tubes are employed in the §8-36 including voltage
regulator and rectifier. The RF section uses three acorn tubes.
The type 956 RF amplifier in conjunction with an interme-
diate frequency of 5.25 megacycles assures adequate image
rejection over the entire range of the receiver. The average
over-all sensitivity is better than 5 microvolts and the per-
formance of the S-36 on the very high frequencies is in every
way comparable to that of the best communications receiv-
ers on the normal short wave and broadcast bands.

The audio response curve is essentially flac within wide
limits and an output of over 3 watts with less than 5% dis-
tortion is available. OQutput terminals for 500 and 5000 ohms
are provided.

Covers old and new FM Bands

The RF section is built as a unit on a separate chassis which may
easily be removed for servicing and incorporates a three position
ceramic band switch. The positive action mechanical bandspread
dial turns through more than 2200 divisions for each of the three
ranges, 27.8 to 47, 46 to 82, and 82 to 143 megacycles.

For details on the entire Hallicrafters line of precision built
receivers and transmitters write for Catalog 36-E.

e hallicrafters rapio =905 ..

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT - CHICAGO 16, U. S. A.

COPYRIGHT 1945 THE MALLICRAFTERS CO.
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TRANSMITTER TESTS

[Continued from page 43)

an msulating bushing. This tyvpe of an-
tenna lends itseli readily to accurate
calculations of the induced voltage of
the field strength about the loop. A
standard voltage source, usually a part

€

Looe

of the measuring equipment, is used to
calibrate the voltmeter. Fig. 3 illus-
trates one method commonly used for
loop-antenna measurement at broadcast

COMPARISON
VOLTAGE
GENERATOR

COMPARISON
ATTENUATOR

||

RECEIVER
AMPLIFIER

RECEIVER

TIFIER
ATTENUATOR RECTIF

frequencies. The receiving part of the
field-intensity  measuring  cquipment
consists essentially of a conventional
heterodyne oscillator and first detector,

e

Ingenious New

Technical Methods

Presented in the hope that they will
prove inferesting and useful to you.

rit. <. Bleck diagram of setup fer loop antenna measurements

followed by the i-f amplifier, second
detector and d-c amplifier stage. A

Highly Versatile “*Pencil Weld Gun”
Welds Cold... Corrects Flaws and Defects
... Saves Man Hours, Materials

The Pencil Weld Gun, used with its Vibra-Weld
Transformer, offers simplicity and versatility never
before known in the industry. Equally effective in
correcting flaws and defects in both ferrous and non-
ferrous metals—for welding cold, without setting up
stresses or crystallization.

Simple in Operation, the Pencil Weld Gun re-
?uires but a few moments’ practice to achieve results
ormerly unobtainable wit any method. Utilizing a
combination of air, high amperage and low voltage,
the weld never exceeds 125°to 130°F. The gun uses
a pure aluminum or nickel rod, which is apFlied di-
rectly to the defective area. When the surface has
been finished and polished off, it is impossible to
detect the repair. Easy to use, as gun peens and welds
simultaneously. The Pencil Weld Gun and Vibra-
Weld Transformer can be used wherever 220 volt
single phase electricity and air outlets are available.

Unavailable, however, is Wrigley's Spearmint Gum.
As the makers of Wrigley’s Spearmint are unable to
continue manufacture of the product up to their qual-
ity standards under present conditions, the only un-
qualified protection they can give to the consumer
and the dealer alike is to keep the Wrigley’s Spear-
mint wrapper empty. While they advertise this empty
wraﬁper. none is being made and any found on the
market is old production of a perishable product.

You can gos complate information from
Mid-States Equipment Company
2429 South Michigan Avenue, Chicago 16, Ilinoss
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Pencil Weld Gun with Vibra-Weld

Transformer
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thermocouple type microammeter is
used to measure the output of the cali
brating oscillator and a d-¢ micro-
ammeter is used at the output of the
receiver,

The measuring procedure is as fol-
lows: the loop antenna is oriented and
tuned for maximum output indication.
The i-f attenuator of the recciver is
adjusted so that a deflection at a con-
venient point of the output meter occurs,
and is left at this setting. The loop is
then turned to a right angle with the
first position to reduce the measured
output, and the oscillator turned on and
tuned to zero beat with the measured
field. The comparison attenuator is then
adjusted to give the same indication on
the output meter as was obtained by
the measured field. The current through
the resistance R may then be determined
from the indicator of meter m, and the
setting of the comparison attenuator.
The measured field intensity E in volts
per meter is

alR
E =
I
where a = comparison attenuator ratio
(unity or less)
I = current at input to com-

parison attenuator in am-
peres as indicated by nr.
R = resistance in ohms shown in

Fig. 3.
L = cffectivc_ length of loop an-
tenna in meters, usually

stipulated by the loop manu
facturer for each frequency.
The loop antennia with its plane ver-
tical responds not only to the horizon-
tal vertically polarized component of
the wave, but also to the downward
traveling wave component at that point
The measurement, then, is the vector
result of the two individual components.
Thus it is obvious that at greater dis-
tances from the transmitter antenna,
the measured field intensity will vary
from time to time due to changes in
layer absorption of the skyv-wave. In
some cases, automatic recorders are
used at the output of the equipment to
obtain a graph showing the distribu-
tion of field intensities over a period
of time.
[Continued on page 56}
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ﬁERE IS YOUR GUIDE

to modern paper dielectric
capacitor selection and use

Months of painstaking work have gone
into making this 56-page Sprague Cata-
log a complete guide to the design and
engineering possibilities inherent in to-
day’s greatly enlarged line of Sprague
Paper Dielectric Capacitors in hundreds
of standard and special sizes and types.

y V)

Write for your copy today. You’ll find

- it unsurpassed as a guide to the exact
matching of up-to-the-minute Capacitor
requirements!

SPRAGUE ELECTRIC CO.
\ North Adams, Massachusetts
TODAY! \
¥

S ¥ 7 EI.ECTRlC ELECTRONlC PROGRESS

L i
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® Aerovox silvered mica capaci-

tors are designed for the more criti-
cal applications calling for precise
capacitance values and extreme
stability. Silver coating applied to
mica and fired at elevated tampera-
tures. Unit encased in molded XM
low-loss red bakelite for silvered:
mica identification.

Average positive temperature co-
efticient of only .003% per degree C.
— a remarkably low value. Excel-
lent retrace characteristics; prac-
tically no capacitance drift with
time: exceptionally high Q. Stan-
dard tolerance plus/minus 5%.
Also plus/minus 3, 2 and 1%.

Yo

Let us help you with your capacitance prob-
For

hurry. see our local jobber who is ready to

5
(‘OIIJ !lﬁ {o]

lems. standard

items wanted in a

serve you.

&

y f&pfz’nd". & \..a.
H,{;_f.‘_f\!‘,

_ " INDIVIDUALLY TESTED
HEW BEDFDRD, MASS, U, 5.

Export: 13 E. 40 57 New Yors 16, N.Y. Cable: 'ARLAR'
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TRANSMITTER TEST

[Continued from page 54]

Under actual conditions of taking
field strength measurcments it is found
that readings may be very inconsistent
unless the equipment is set up well
away from buildings. telephone and
power lines. Even when readings are
taken in quite open locations, a varia-
tion may be noted of 10 to 20% in
distances only a quarter of a mile apart.
Therefore the field strength is usually
expressed as an average of 4 or 3
readings taken around a point.

Noise and Distortion Measurements

The importance of proper adjustment
of a broadcast transmitter for low dis-
tortion and noise levels cannot be over-
emphasized. These factors definitely af-

former connected in push-pull.  The
voltage at the secondary of this trans-
former is proportional to the difference
between the two input signals and thus
will be at a minimum value when the
distorted and undistorted signals are
adjusted in phase and amplitude to have
minimum ditference. When this condi-
tion is achieved, the fundamental fre-
quency component of the distorted
signal is cancelled by the sine-wave
signal, and the difference voltage con-
tains only the distortion components.
This difference voltage is amplified and
applied to the meter. The meter then
reads the total rms distortion directly.
Cancellation of the fundamental fre-
quency is obtained by adjusting the am-
plitude and phase controls for minimum
meter reading. A range switch is em-
ployed to adjust the sensitivity of the
meter for a readable deflection. Full

MODULATED RF AUDIO
(USTORTED)‘ {DISTORTED)
e R R e e B
s a A '
- \.
= ' /\v
TRANSMITTER R F DIODE
\/| UNDER TEST +— RECTIFIER \ CACITACL
> ) |
vamn
. f DIFFERENCE * DISTORTION |
. 1 . 4
SINE WAVE ’ RANGE
. Fa\ -
N MIXER  |rC AMPUIFIER SWITCH
i
S ? b 7
LOW * ) / ‘
DISTORTION N V| opmase | N {
OSCILLATOR V) | SHFTER [T]
TYPE 684 i /
)
e e e e e e e e e e e o J

Fig. 4. Block diagram of Type 69A Noise and Distortion Meter (Courtesy RC A)

fect the dynamic range, average level of
modulation and over-all efficiency of
any installation,

Meters for directly measuring the
noise and distortion components of any
signal are now available for broadcast
stations. Fig. 4 is a functional diagram
of one type of distortion measuring
equipment. It consists essentially of a
diode detector for demodulating a
modulated r-f signal, an attenuator net-
work for the audio output of the de-
tector, a phasing network, a mixer to
combine the output of the attenuator
and the phase shifter followed by an
amplifier with range attenuator to vary
the gain, and a meter to indicate the
value of the amplifier output.

In operation, a sine-wave generator
is used to feed simultaneously the
equipment under test and the phase-
shifting network of the meter circuit.
The signal is adjusted to be exactly in
phase with the signal taken from the
output of the equipment under test.
Each of these two signals is impressed
on the grid of one of the two mixer
stage tubes whose plates are trans-

www americanradiohistorv com

scale ranges of 1, 3, 10, 30 or 100 per
cent may be selected to suit the amount
of distortion or noise present.

Factors Affecting Hum and Noise

Factors which affect hum in trans-
mitters are mainly grid excitation to
the modulated amplifier, filament bal-
ancing resistors, and phase balancing
resistors for tubes using a split filament
construction of 90 degree phase rela-
tion to reduce the effect of a-c filament
supplies. When a noise meter is used.
these resistors should be adjusted to
secure a minimum balance of the 60
and 120 cycle components.

To assure the lowest distortion factor
in a transmitter the following are the
main functions:

Correct filament voltages

Proper plate voltages
stages

Sufficient grid excitation to the
modulated amplifier

Accurate neutralization

Correct grid leak by-pass capacity
on the modulated stage

MAY, 1945 x
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Left—MARINE SPEAKER; approved
by the U. S. Coast Guard, for all
emergency loudspecker systems on
ships. Re-entrant type horn. Models
up to 100 watts. May be used as
both speaker and microphone.

Righi—RE - ENTRANT TRUMPET;
available in 2V2-3%:-412-6 ft. sizes.
Compact. Delivers highly concen-
trated sound with great efficiency
over lang distances.

Left—RADIAL HORN SPEAKER; a
314’ re-entrant type horn. Projects
sound over 360° area. Storm-proof.
Made of RACON Acoustic Material
to prevent resonant effects.

Right—AEROPLANE HORNS; super-
powerful and efficient P. A. horns for
extreme range projection. 9-4 and 2
unit Trumpets available.

Lef+—PAGING HORN; extremely ef-
ficient 2° trumpet speaker for use
where highly concentrated sound is
required to override high noise levels.
Uses P.M. unit.

Right—RADIAL CONE SPEAKER;
projects sound over 360° area. Cone
speaker driven. Will blend with ceil-
ing architecture. RACON Acoustic
Material prevents resonant effects.

SEND FOR CATALOG

RACON ELECTRIC CO. 52 EAST 19th ST. NEW YORK, N. V.
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TECHNICANA

[Continued from page 18]

onstrated to the FCC in \Vashington
uses a type 7\'7 mixer, a type 7.\4 os-
cillator, and a tvpe 6X5GT/G rectifier.
The output of the converter is fed back
into the antenna connections of the FM
receiver which is tuned to 42 mega-
cycles. The converter oscillator is ar
ranged to track 42 megacycles helow
the mixer frequency and the entire
device simply acts as the front end of
a superheterodvne, using the M re-
ceiver as an i-i amplifier. Devices simi-

lar to this have long been used by the
amateurs to receive VVHF signals on
standard communication receivers.

The experimental three-tube model is
far larger than necessary as it was
built into a chassis and cabinet that
happeried to be available in the labora-
tory and is in no sense a finished prod-
uct. In response to an inquiry from the
Commission. Hallicrafters did make a
careful estimate of costs and said that
this model could be built for $11 fob
Chicago, whenever the priority situa-
tion permits. This price assumes quan-
tity sales to a single customer and does
not include any Federal or State taxes.

ONE OF A SERIES OF ELECTRO-VOICE ADVERTISEMENTS EXPLAINING 1! DETAIL
THE APPLICATIONS AND SPECIFICATIONS OF ELECTRO-VOICE MICROPHONES

INDOOR....OUTDOOR

IN ALL KINDS OF WEATHER
HIGHER ARTICULATION WITH LESS FATIGUE (-

I}

MODEL 600-D

poLIC

EleclicYores

A moving cail. ha®
applications 03« - *

MOBILE PUBHIC
£ SERVICES

MARINE SERVICES

=2 R

»
4-held dynamic emicrophone for 3v

-uPs
ADDRESS ¢ SPORTS PICK l.IPT
L] DICTATING EQUIPMEN
SPEECH RECORDING

Exhaustive tests have proved that @ uniform response to all frequencies
between 200-4000 c.p.s. will give higher articulation, provide more usable
power level, and be less fatiguing to the listener than one which is
peaked. These advantages are assured in the Electro-Voice Model 600-D

because the frequency response is unweighted and substantially flat.
Where ambient noise does not interfere or distract, high fidelity speech

transmission is provided, indoors or outdoors

OUTPUT LEVEL RATING: Power 56 db below
6 milliwotts for 10 dynes/cm pressure. Voltage
(high impedance): 5 db above .001 volt/dyne/
cm32, open circuit. Voltage developed by nor-
mal speech (100 dynes/em=): .177 volt.

FREQUENCY RESPONSE: 100-6000 c.p.s.
WEIGHT: 9 ounces.

HARMONIC CONTENT: Less than 2% at all
frequencies.

DIAPHRAGM: Made of heat-treated duralumin,
corrosion inhibited.

VOICE COIL: Made of pure aluminum, high-Q
design.

in any kind of weather.

CASE: Constructed of finest quality, high im-
pact phenolic.

PRESS-TO-TALK SWITCH: Sliding contact, self
cleaning type; standard circuit opens micro-
phone and closes relay simultaneously. Other
combinations optional.

TRANSFORMER CORE: Made ol nickel alloy,
hydrogen annealed metal; low capacity wind-
ings.

MAGNMETIC CIRCUIT: Employs Alnico V and
Armco magnetic iron.

IMPEDANCES: Hi-Z (Direct-to-Grid), 50, 200,
250, or 500 ohms.

Equipped with 6 feet of two conductor and shielded synthetic rubber jacketed cable.

Model 600.D, List Price $27.50

Model 600-DL, with switch lock, List Price

$29.00

See your nearest radio parts distributor today. His knowledge of Electro-Voice microphones may
ald you in selecting the appropriate type lor your specific needs. He may also be an important

factor in speeding your order.

 EledieYoree. wromon o5

GAICTRO-VOICE COAPORATION » 1139 SOUTN BIND AVINUR ¢ SOUTH BIND 14, INDIAMA H
eoets Bivirioe: 13 Coar 400h Srroer, Mow Trob 1o, M. Y. B3 A Coblaes Asied _J
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Of far greater appeal to the present
FM set owner however is the new
one-tube model which can be placed
inside the cabinet of practically any
FM set. This new Hallicrafters de-
velopment makes use of a single type
7S7 tube and all tuning is done with
the regular receiver dial. It can easily
be iustalled by an service man or by
the set owner himself and only re-
quires that one hole be drilled in the

One-tube converter

front of the receiver to accommodate
the control switch. A universal mount-
ing bracket is provided and power is
taken from an adapter plug which is
placed under one of the receiver’s out-
put tubes.

\Vith this one-tube model the RF in-
put goes to a band-pass filter instead
of the usual tuned circuit and the oscil-
lator section is operated at a fixed fre-
quency. The panel switch has three
positions, one connects the antenna di
rectly to the receiver to permit normal
operation while the other two connect
different values of capacity in the band-
pass and oscillator circuits of the con-
verter. The FM receiver is used as a
variable i. i., and with two fixed frequen-
cies of the oscillator selected by means

One-tube converter installed

of the control switch, covers the new
range of 84 to 102 mc in two bands.

Hallicrafters’ experimental FM sta-
tion, WI9XHB, is now in operation on
100 megacycles and it is planned to
demonstrate the new converter to the
public in the near future. The price of
this one tube model, fob Chicago, based
on quantity sales is $5.60. This will per-
mit retail sales at well below $10,
which was the figure originally given
in Hallicrafters’ testimony.

MAY, 1945 *
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DYNAMIC HANDI-MIKE

TECHNICAL DATA
MODEL 204-TC

IMPEDANCE: 35-50 Ohms.

FREQUENCY RESPONSE: 200-7500 Cps.

OUTPUT LEVEL: Into 50 ohm input; 44
db below 6 milliwatts for 100 bar
signal.

SWITCH: Type ''T." Press-to-talk. Ver-
tical toggle with snap action.

CORD: 6 feet long. Rubber jocketed.
2 Conductor and shield.

CIRCUIT: Two wires direct to micro-
phone. Switch ‘‘makes’ independent
circuit. For use in connection with
control circuit of transmitter or other
reloy operated device.

DIMENSIONS: Length overall 8 inches,
heod diameter 2% inches.

SHIPPING WEIGHT: 2 pounds.
There are seven other dynomic hondi-

mike models from which to moke o
selection.

*  MAY,

1945

Universal Handi-Mikes have been, through these years of
progress in Radio-Electronics, as common a part to specialized
sound equipment as the vacuum tube is to your home radio.
The same microphone restyled and redesigned progressively
has met the wanted need of a rugged hand held micrcphone.
The Handi-Mikes are now available in both carbon and dvnamic
microphones with a variety of switches and circuits from which
to choose.

125
UNIVERSAL MICROPHONE COMPANY &)
INGLEWOOD, CALIFORNIA

REPRESENTATIVES: New York, Chicago, Kansas City, Cleveland,
Boston, Tampa, Houston, Philadelphia, Detroit, Seattle, St. Paul,
Salt Lake, Los Angeles, San Francisco, and Asheville.
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A\ With a SM motor. you get

a unit designed for a speci-
fic joh, engineered to vour
exact performance require-
ments. precision-built to
vour specifications, produced in volume
SM fractional H.P.
motors are made to order with speeds
from 3.500 to 20,000 R.P.M. 1,/10th
to 1/200th H.P. — voltage from 6 to
220 AC-DC. [llustrated is the famous

SM-2 Blower Motor: many thousands

for your needs.

have heen made for military purposes.
Other SM motors have been designed
and produced in large volume for a
wide variety of radio, aircraft and other
applications where rugged power, stam-
ina, long life and dependable perform.
anece were primary requisites. What are

your requirements?

DEPT. 30

Manufacturers of special smali
univarsal, fractional H. P, motors, dynamotors, shaded
pole motors, heater motors, generators.

Design « Engineering * Production
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to S.C. No. 71-3159 and
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moving coil, A.C. mov-

GASKET
CASE

ing iron and thermo- #-GLASS
couple types. Write for
circular. W
TERMINAL \
e 7 SEEEON

" Introducing the

NEW TRIPLETT LINE

HERMETICALLY SEA

of Radiophonic Interfering Voltages
G. Goffin—L’Onde Elec.,'Vol. 18 (\Wrongly
printed 19), Pages 57-69, February 1939.

The Relation of Radio Sky-Wave Trans-
mission to Jonosphere Measurements-
N. Smith— Proceedings IRE, Vol. 27
Pages 332-347, May 1939.

Theoretical Ionization Curves for the E
Region—M. V. Wilkes—Proc. Phys. Soc.
(London), Vol. 51, Pages 138-146, Janu-
ary 1939.

Relation Between Actual and Virtual Iono-
spheric Height—H. G. Booker and S. L.
Seaton—Phys. Rev., Vol. 57, Pages 87-94,
January 14, 1940.

Atmospheric Disturbances—Funktech. Mo-
natshefte, No. 3, Pages 70-74, March
1939—0. Morgenroth.

Notes on the Random Fading of 50-mega-
cvcle Signals Over Nonoptical Paths—
K. G. Macl.ean and G. S. Wickizer—Proc.
IRE. Vol. 27, Pages 501-506, August 1939.

On the Influence of the Troposphere on
Ultra-Short Wave Propagation—W. Scholz
and L. Egersdorfer Teleg-Fern-Und
Funk-Tech., Vol. 28, Pages 77-83, March
1939.

A. W. Friend, Buil. Amer. Meteor. Soc.
Vol. 20, Pages 202-205, May 1939.

Nature—A. W. Friend—Vol. 144, Page
31, July 1, 1939.
— ‘

lED INSTRUMENTS

ELECTRICAL INSTRUMENT CO. srurrron, omio

www americanradiohistorv com

MAY,

1945 = ERADI(}E



www.americanradiohistory.com

The Heights of the Reflecting Regions in
the Troposphere \W. Friend and R. C
Colwell—Proceedings IRE, Vol. 27, Pages
626-634, October 1939

The Origin of Radio-Wave Reflections in
the Troposphere—]. H. Piddington—Pr

{ings Phys. Society (London), Vol. 51
Pages 126-137, January 1939; Vol. 51,
Pages 547-548, May 1939.

Nonexistence of Continuous Intense Ioni-
zation in the Tropospherc and Lower
Stratosphere—O. H. Gish and H. G.
Booker—Proc. IRE, Vol. 27, Pages 117-
125. February 1939.

“Tropospheric Reflections of Radio Waves
R. C. Colwell and A. V. Friend
U.S.R.I. Proc. of 1938 General Assembly

Vol. 5, Pages 146-149, 1938

Limiting Waves and the Tonosphere: TII-
Hochfrequenz und Elektroakustil:, Vol. 52
Pages 142-146, October 1938—0. Burkard.

Noise Measurements in  the Television
Bands—Jerry Minter—Electronics, Vol
12. Page 21, December 1939, (Abstract
only)

Recciver for Frequency Modulation—J. R
Dav—FElectronics, Vol. 12, Pages 32-35.
June 1939.

A Noise-Free Radio Receiver—G. W. Fy-
ler and J. A. Worcester—Gen. Elec. Re

vieww, Vol. 42, Pages 305-310, July 1939.

A New Armstrong Frequency-Modulated-
Wave Receiver—G. W. Fyler and J. A
Worcester, Jr.—Proc. Radio Club Amer
Vgl. 16, Pages 16-18, July 1939.

The Application of Negative Feedback to
Frequency-Modulation Systems I. G
Chaffee—Proceedings [RE. Vol. 27, Pages
317-331. May 1939: Bell System Tech
Journal, Vol. 18, Pages 404-437, July 1939.

Coammunication by Phase Modulation
M. G. Crosby—Proceedings IRE, Vol. 27,
Pages 126-136, February 1939.

Methods of Controlling Radio Interference
C. V. Aggers—Proc. IRE, Vol. 27, Page
408, June 1939, (Swinmary only

Radio Interference—Investigation,  Sup
pression and Control—H. L. Merriman and
F. G. Nixon—Proceedings IRE, Vol. 27,
Pages 16-21, January 1939.

Aircraft Transmitters

A New Method oi Producing Short Un

damped \Waves of Great Intensity—Arsen-

jewa-Heil and Heil—Zeit fiir Phys.. Vol

95. Pages 752-762, July 12, 1935

A High-Frequency Oscillator and Ampli

hver—Jonr. App. Phys, Vol. 10, Pag

321-327. May 1939.

On the Resonant Frequency of Closed Cor

centric Lines—\W. W. Hansen—Jour. App
s, Vol. 10, Pages 38-45, January 1939.

On Resonators Suitable for Klystron Os- |

[&DIO] * MAY, 1945

CONSIDER THE NEW
DRAKE No. 75 AP

Underunitors Appnoved!
RADE demand has caused Drake
to produce this new totally en-

closed candelabra screw base 1” pilot

light assembly. The unit is approved
by the underwriter’s laboratories for

75 watt, 125 volt service. Designed to

house the Mazda S6, 110 volt, 6 watt

candelabra screw base lamp. Can be
supplied with lamp installed. The unit
mounts in a 17 hole and is regularly
furnished with a 1” diameter faceted
colored glass jewel. It is also supplied
with a steel lock washer which holds
the unit firmly to the panel. Mounts
on any thickness panel up to (4

SOCKET AND JEWEL LIGHT ASSEMBLIES

Although designed to operate on 110
volt circuits, this assembly can readily
be used on 220 volt circuits by con-
necting our F116 wire wound resistor

in series with the pilot light.

Lamps are easily removed with our S6
lamp remover. Anyone who has to
maintain, or install in production, large
numbers of S6 lamps, will find the S6
lamp remover a great convenience.

DRAKE MANUFACTURING CO.

1713 WEST HUBBARD ST,

CHICAGO 22, U.S.A.

1'-
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Cinaudagraph Speakers arc made g'l,.-_;-'
to take the tough raps. This is the »: f

" built-in result of better manufac-
turing experience. Look at the &
record of achievement and you'll
put Cinaudagraph Spcakers at the &
top of your list. Pl

“Watch Cinandagraph
Speakers After Vietory!

Cinaudagraph sPeakers, lnc.

3911 S. Michigan Ave., Chicage
Export Div., 13 E. 40th St., New York 16, N. Y.

“Ne Finer Sheaker in all the Morld
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DO YOU NEED A

4 (4

(onalores?t

FOR 45,000 VOLTS |
BREAKDOWN ?

%re it is! With one inch

spacing and rounded edges on
all adjacent parts; this new type
TN condenser has a capacity
range of 33.1 to 12.6 mmf.
Rough adjustment of capacity
is made by moving the outer
cylinder within the clamp. Pre-
cision settings covering a total
range of 12 mmf are secured
by rotation of the tuning
control shaft which comes out
at an angle of 90° to the
lengthwise axis of the con-
denser. The location of this shaft
may be changed radially in
steps of 45°% The 12 inch scale
shown in the above illustration
will indicate the approximate
dimensions.

A smaller model is available,
having a voltage breakdown
rating of 35,000 peak volts and
a capacity range of 26.0 to 7.2
mmf. Both models can be
supplied with larger capacity
ratings if desired. Spun and cast
aluminum are used in the
construction of both models.
Connections are made direct to
the aluminum castings and leads
may come off at any angle,
The Johnson line includes a
complete range of sizes of
similar condensers down to the
model N-125, rated at 9,000
peak volts Breakdown.
Write for further

information.

o
JOHNSON

a z;'ﬂ'nmu:! name in Radic

E. F. Johnson Co. Waseca, Minn.
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cilities of the N. Y. Municinal \irrort-
).  Fink—Aviation—38:24-5. November
1939.

200 Kilowatt Valves with Replaceable

Filaments—Gen. Elec. Rew., Vol. 32, Page
309, August 1939.

High Power Valves: Construction, Testing,
Operation—]J. Bell, J. V. Davies and B. S.
Gossling—Journal IEE (lLondon), Vol
83, Pages 176-198, August 1938; Proc.
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Wireless Section, Vol. 13, Page 177, Sep-
tember 1938.

On the Reflection Coefficients of the Heavi-
side Layer in the Wave Band from 200
ta 2000 Meters for Various Departure
Angles — F. Vilbig — Teleg—Fern. 1und
Iunk-Tech., Vol. 27, Pages 291-294, Au-
gnst 1938.

Frequency Modulation—Electronics, Vol
13, No. 1, January 1940, Page 10.

[To be continued)

BOOK REVIEW

INTRODUCTION TO MICROWAVES,

N
N

This hook is intended as a non
mathematical discussion of microwaves
for lav readers. Anyone who has been
connected during the past several years
with the investigation or application of
microwawes has been called upon, many
times, to offer simple explanations of
the often seemingly mysterious, Yyet
fundamental characteristics of micro-
waves. The fact that such waves can be
guided. not only by hollow metal con
ducting pipes, but by other pipes ha
ing walls, the dielectric constant of
which differs from that of air, causes
microwave transinission to appear mys
terious to many people,

It has been this reviewer’s experi
ence that many author’s initiate an
elementary textbook in extremely sim
ple terms, but that all too soon the going
becomes too involved for the average
reader. This fault cannot be found with
Dr. Ramo's book. He maintains the
same simple approach - throughout.
While engineers experienced in this
field may differ somewhat with the
physical pictures and concepts used in
the text, there can be no doubt that
this represents one of the finest ele
mentary pictures of microwave phe-
nomena that this reviewer has seen

The author covers the following in
filteen chapters

1. Similarities between microwaves and
lower frequencies

2. Differences between microwaves and
lower frequencies

3. Microwaves do not penetrate con
ductors

4. Transit Time and its importance in
microwaves

5. Current induced by moving electrons
The importan f time delay in elec-
tromagnetics

7. Retardation and radiation at ultra
high frequency

8. Displacement current

9. Resonant cavities

10. Dielectric or conductive boundaries as
wave guides

11. Microwave transmission lines

12. Hollow pipes as wave guides

13. Microwave phenomena expressed as a

[RADIo] * MAY, 1945

RLST GENERATOR
-

|
wEASURMENT S
]

- e eer

MODEL 79-B

SPECIFICATIONS :

FREQUENCY : continuously variable 60 to 100,000 cycles.

PULSE WIDTH: continuously variable 0.5 t¢ 40 microseconds.

QUTPUT VOLTAGE: Approximately 150 vcits positive.

OUTPUT IMPEDANCE: 6Y6G cathode follower with 1000 ohm load.

R. F. MODULATOR: Built-in carrier modulator applies pulse modulation to any
r.f. carrier below 100 mc.

MISCELLANEOUS: Displaced sync output, individually calibrated frequency and
pulse width dials, 117 volt, 40-60 cycles cperation, size 14"'x10"x10”,
wt. 31 1bs.

Price: $295.00 F.O.8. BOONTON Immediate Delivery

MEASUREMENTS CORPORATION

BOONTON » NEW JERSEY

Doughnut Coils for electronic and telephone purpases.

High Permeability Cores are hydrogen annealed anc

heat treated by a special protess developed by DX engi-

neers. Send us ycur “specs” today —ample production
focilities for immediate delivery. %
DX RADIO PRODUCTS CO.

GENERAL OFFICES 1200 N. CLAREMONT AVE, CHICAGC 22, 1L, US.A
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PATS. APP. FOR

TECH LAB MICROHMMETER

. . gives direct and instantancous
readings of resistance values down to
5 microhms and up to 1,000,000 me-
gohms. Accuracy in olf measurements to
better than 29,. Output is sufficient to
drive recorder. Entirely AC aperated.
Furnished in two models. Reasonably
prompt deliveries. For complete dato
regarding other applications’ write for
Bulletin No. 432.

I3 LINCOLN STREET
JERSEY CITY 7, N, J.
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result of combining a series of various
waves

14. Voltage, current, and impedance con-
cepts at ultra-high frequencies

15. Microwave radiation

For the more discriminating student,

the author provides a brief appendix
which contains a bibliography of most
of the important texts relating to micro
wave techniques and microwave trans-
misston.

The text is well illustrated, having
some 120 illustrations or an average of
almost - one illustration per page. The
illustrations are simple, properly pro
portioned with respect to the text and
clearly explained in adjacent text. The
author’s styvle is clear and logical, and
the organization of the text appears to
be excellent from the standpoint of the
lay reader. Some fourteen pages are
devoted to Resonant Cavities. It is this
reviewer’s opinion that considerably
more space could well have been spent
on this subject, even for the lay reader.

This book is well written, easy to
read and appears to adequately cover
the ground intended by the author. The
information is presented in a clear and
logical fashion. It is believed that this
hook will be found a useful and worth
while guide to engineers not yet asso
ciated with microwave problems as well
as for lavmen. It is also believed that
some of the concepts used in the expla
nations of phenomena related to micro-
waves will be of considerable use to
workers in the field

THIS MONTH

| Continned from page 48]

Army Signal Corps. will be responsible for
all Bendix Radio long term product de
velopment and electronic research in radio,
radar and television, \Webb stated.

A graduate of Vanderbilt University,
Mr. Omberg, during his association with
the Signal Corps, supervised numerous
studies of performance of all types of radio
and radar equipment in European and Pa
cific combat areas. Prior to 1942, he was
a consulting engineer in the Memphis area
on broadcast station problems and surveys.
During 1928 he was a radio operator at
sea for the Radio Marine Corporation.

Webb also announced the appointment of
Dr. Harold Goldberg, formerly senior en
gineer with the Stromberg-Carlson Com
pany, as a research engineer of the Bendix
Radio staff. Dr. Goldberg is a graduate of
the University of \Wisconsin, where he was
a Post-Doctorate Fellow in biorhysics, re-
search and electro-physiology.

Thomas F. Joyce

Raymond Rosen of Raymond Rosen &
Company. specialty wholesale distributors
of Philadelphia, Pa., announced today that
Thomas F. Joyce has acquired an interest
in the company and will act as general
manager. He was formerly general man-
ager of the Radio. Phonograph and Tele-
vision Department of the RCA Victor

WwWwWwW americanradiohistorv com

OUTSIOE DIAMETER 036 IN.
R u——

BARE WIRE .020 IN.

This photo of typical construction is absolutely
unretouched

Voltage Breakdown — 7000 Volts
(For spiraled section shown in photograph
after 5 minutes in water)

Insulation Resistance—30 Megs. Per 1000
Ft. at 60 F. (After 72 hrs. in water

SURCO-AMERICAN

New:

THINWALL WRAP

PLASTIC INSULATED FINE WIRE
UNBELIEVABLY THIN

Surco-American Thinwall Wrap is the
first uniformly high quality fine wire,
with extruded plastic insulation and
flame proofed yarn serving, available
to industry. Surco-American Thinwall
Wrap is characterized by:

High dielectric properties
Maximum saviag in spac2 and weight
Unlimited coding and identification
High temperature operation

Excellent abrasion resistance and
toughness

Maximum protection against damage
by soldering iron

Unusual flexibility at below freexzing
temperatures

Flameproof qualities

Good end and spot-stripping
characteristics

Low cost

Surco-American Thinwall Wrap is avail-
able in a wide variety of formulations
finer sizes of wire and thinner insula-
tions than shown above, for use where
maximum performance under specific
operating conditions is required.

Susphenan

ELECTRICAL INSULATION CO.
Dept.) 84 Purchase St., Boston 10, Mass.
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Division of
America.

In making the announcement, Mr. Rosen
said. “We are rparticularly pleased that
Tom Joyce has become a member of our
firm. With the unfortunate death of \lbert
Slap, one of the founders of the business,
it became necessary to have someone to
take over Mr. Slap’s responsibilitics. That
ts what Tom Jovce is 10 do. He has had
long and extremely successful experience
in all phases of the industry’s merchandis-
ing activities. He played an important part
in the comeback of the record business and
the return of the phonograph to public
favor. His activities in laying the ground-
work for the early post war large scale
commercial development of television, have
received national recognition.

‘We believe that with Tom Joyce acting
in the capacity of general manager, Ray-
mond Rosen & Company will not only be
able to maintain its high standards of serv-
ice 1o the trade, but to continue to make
the improvements in merchandising service
to dealers on which the steady growth of
our business has been based.”

I commenting on his new association,
Mr. Joyce said: “I am happy with my new
business association, with Raymond Rosen
and Joseph \Wurzel, whom I have known
for the past 15 vears. \While I have had
several offers from manufacturers to join
their organizations in an executive ca-
pacity. all of which 1 deeply appreciate.
the offer made to me by Raymond Rosen
& Company makes possible an ambition
which [ have always had—to be in busi
ness for myself.

‘Raymond Rosen & Company has played
a vital role in building up independent
dealerships in Eastern Pennsylvania, Dela-
ware and Southern New Jersey. It has am
bitious plans for strengthening these inde-
pendent dealerships during the post war
period and in helping qualified ex-service
men to establish themselves in territories
where dealerships are open. In my new
work T will feel that I have been success-
ful if I make a contribution to the success
of a program which is so vital to our
countrv—the success of the independeit
dealer.”

Raymond Rosen & Company was organ
1zed in 1926, the original partners being
Raymond Rosen, Albert J. Slap and Joseph
Waurzel. From a modest beginning, the or-
ganization grew to the roint where, before
the war, it was the largest wholesale spe-
cialty distributing company in Pennsyl-
vania, and one of the largest in the Umted
States.

the Radio Corporation of

BENWOOD LINZE N. Y. OFFICE

The Benwood Linze Electrical Manufac
turing Company, with headquarters in
Saint Louis, announce the orening of a
New York office in Room 807, Gravbar
Bulding. 420 Lexington Avenue. The
Company. dating back to 1893, is a pioneer
in the development and manufacture of
the metailic rectifier, designed to convert
alternating current to direct current. It
was the des'gner and producer of the first
Fast Battery Charger in the United States.

Mr. H. S. Dahl will be in charge of the
New York office. He has specialized in his
particular field for the past decade.
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PROVIDE DELAYS RANGING
FROM 1 TO 120 SECONDS

Other important features include:—

1. Compensated for ambient temperature
changes from —40° to 110°F.

2. Contact ratings up to 115V-10a AC.

3. Hermetically sealed — not affected by al-
titude, moisture or other climate changes . . .

Explosion-proof. AMPERITE

DELAY

4. Octal radio base for easy replacement. RELAY

5. Compact, light, rugged, inexpensive.

with
porcelain
heater

6. Circuits available: SPST Normally Open;
SPST Normally Closed.

WHAT'S YOUR PROBLEM? Send for ''Spe-
cial Problem Sheet”
Bulletin. ™

and Descriptive
AMPERITE

DELAY
RELAY

561 BROADWAY Iy

AMPER,TE c e NEW YORK 12, N. Y.

In Canada: Atlas Radio Corp., Ltd.
560 King S¢. W., Toronto

with heater wound
directly on blode

Hore
Evamples of
ACME
TRANSFORMER
ENGINEERING

& The specially designed testing unit (illustrated
above) has 140 terminals providing 70 individual
secondary circuits of 2 voles each.

This radio power transformer is designed with »
a standard 115 volt, 60 cycle primary winding

and provides a high voltage secondary winding
and filament winding. Manufactured in quantity
to high performance standards.

THE ACME ELECTRIC & MFG CO.

Cuba, N. Y. Clyde, N. Y,
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NEW PRODUCTS

[Continued from page 32}

Included in the catalog are iull details
and dimensions for Sprague cardboard and
metal tubular types, bathtub types, large
and small rectangular units, cylindrical
container units, hermetically sealed types,
ignition capacitors, screw-mounted types,
radio interference suppression filters. donut-
shared capacitors, J3-terminal network
types, fluorescent lamp capacitors, paper
dielectric capacitors for a-c applications,
etc. Also included are details on Sprague
energy storage capacitors for welding,
flash-photography, and similar uses: the

TWO BOOXS EVERY ENGINEER NEEDS

THE CATHODE
RAY TUBE
AT WORK

By John F. Rider

To use the Cathade-
Roy Tube ta its full-
est copabilities, it
is necessory to
understand its theory ond func-
tioning. This book exploins the
variaus types and whot role each
element ploys.
I Mare thaon holf the book is
devoted to the practical appli-

cations illustroted with ascillo-
grams.

450 ILLUSTRATIONS.

338 PAGES. $4.00

A-C
CALCULATION
CHARTS

'..I|IIIII| ||I|'|I-I'I'|:'I Faster thon o slide
IIIH';{&\“\KI rule. It covers oll
'.1'.III_ A-C calculotions in
series circuits, par-
ollel circuits, series-porallel and
mesh circuits, ot frequencies from
10 cycles ta 1000 megocycles.

146 Chorts —7"x 11"

$7.50.

Twa colars

JOHN F.RIDER Publisher, Inc.

404 FOURTH AVENUE NEW YORE 16 N, ¥

EXPORT DIV - ROCEE - IMTERNATIONAL ELEC
I3 E. 40TH STREET, NEW YORK CiTY  CABLE ARl
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Sprague Vitamin Q* Capacitors for high
temperature uses, including the hermetically
sealed units in glass tubes; and the Sprague
glass-to-metal seals for many types of
capacitors and Sprague Koolohm* Resist-
ors.

A copy of the new catalog will gladly
be sent on request to The Sprague Electric
Company, North Adams, Mass. Ask for
Catalog 20.

*Trademarks registered U.S. Patent Office.

UTAH WIRE RECORDER

Giving a demonstration of the first of
Utah's post-war products at cach of his
nmany stops, Robert M. Karet, Sales
Manager oi the Wholesale & Sound Di-
visions of Utah Radio Products Corp.,

Chicago. is the featured speaker during the |

next three weeks at gatherings of Utah
jobbers from Spokane, \Wash. to St. Louis,
Mo.

The initial post-war unit to he released
by Utah is the wire-recorder. The average
attendance at the meeting of which there
will be about scven. is expected to exceed
350 radio servicemen ; and the get-togethers
are open to anyone interested.

While the post-war plans of Utah are
quite extensive Mr. Karet declined to re-
veal them in any detail hevond advising
that they were very nearly complete and
that they would most assuredly stock the
Utah jobbers with some highly interesting
and unusual articles in the electronics field.

PRODUCTION TESTING

[Continued from page 45}

operates the solenoid and opens the
door in the chute. When the resistor is
released it will now fall through the
door in the chute to a4 second bin for
rejects.

There are one or two slight compli-
cations to the simple operation as just
described. 11 there is no resistor across
the test terminals of the bridge circuit
a voltage will be developed across the
input terminals of the vacuum tube

—
% %
%
DOOR ‘%*\
HOLDING . % CHUTE
SPRING ™, LY o
Lo X o N ekt
Fo b bl !—-'i 1‘| L ,
(P i;:‘;}
it % - REJECTS
W, h*?::
r;f,,/}
PASSED
SOLENOID
| Fig. 3, Mechanical door-opening devicoe.

www americanradiohistorv com

amplifier which will cause the door to
open. To overcome this a switch is
provided in the solenoid circuit. This
switch is operated by the same mechani-
cal arrangement that connects the re-
sistor in the circuit. It is closed only
when the resistor is connected. But,
when the resistor is released this switch
must open and hence the chute
door would close regardless of the con-
dition of the resistor. This can be
cured hy designing the solenoid to have
sutticient lag so that it will hold the
door in its last position during the
return of the mechantcal resistor feed-
ing mechanism. regardless of the posi-

OPENINGS FOR

RADIO
ENGINEERS

ELECTRICAL
ENGINEERS

MECHANICAL
ENGINEERS

In the development and
production of all types of
radio receiving and low-
power transmitting tubes.
Excellent post-war oppor-
tunities with an established
company in a field having
unlimited post-war possi-
bilities,

Apply in person or in

writing to:

Personnel Manager

RAYTHEON
MANUFACTURING
CO.

Radio Receiving Tube Div.

33 Chapel St.. Newton. Mass.
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RADIO

GROUP SUBSCRIBERS
SAVE UP TO 50%"

anc[ ﬂel"e’d WA%.’

)
N

» O8
LOOK WHAT | SAVE--

A $3 SUBSCRIPTION
FOR ONLY HALF ..

FEk)

MEBBE THEY'LL LEAVE
MY RADIO MAG FOR
ME FROM NOW ON

(_/‘\(
A A
O &
ey
\ Y4

| NEVER GOT AROUND
TO SUBSCRIBING ~THIS
IS QUICK AND ERSY

N

ME-I’'M BUILDING A
REFERENCE LIBRARY
OUT OF EACH ISSUE

I'LL BE ABLE TO FOLLOW
PRESENT AND POST-WAR

DEVELOPMENTS

\ﬂ'
% %

\_3\ el

/

IF THEY’RE ALL GETTING
T -1 WANT TO KNOowW
WHAT THEY'LL KNOW"

FORM YOUR GROUP TODAY-

Every month, RADIO’S exclusive articles acquaint you
with newest developments — editorial ‘‘ear-to-the-
ground” releases keep vou abreast of trends, in fact,
ahead of most coming events,

Evervone who joins a RADIO Group saves up to half
the regular cost of a RADIO subscription. The more
in a Group the more each saves, up to 509%*. Present
subseribers may join a Group too. We'll extend their

subscription from its expiration date. -

RADIO MAGAZINES, INC.

342 MADISON AVENUE

* THE GROUP PLAN

Here's what Croup Subscriptions coet:

One 1 yr. subscription ......$3.00

Two 1 yr. subscriptions ..... 2.50 each
Three I yr. subscriptions ... 2.00
Four 1 yr, subscriptions .... 1.758
Five 1 yr. subscriptions ..... 1.60 "

Six or more 1 yr. subscriptions 1.50 *'

Make a list giving each subscriber’s name,
address,
tive positions,

employer's name and their respec.

NEW YORK 17, N. Y.
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Wanted
ENGINEERS

Radia

“ Electrical
Electronic

* Mechanical

* Factory Planning
Materials Handling
Manufacturing Planning

Work in connection with the manufac-
ture of a wide variety of new and ad-
vanced types of communications equip-
ment and special electronic products.

Apply lor write), giving
full qualifications, to:

R.L.D., EMPLOYMENT DEPT.,

Western Electric Co.

100 CENTRAL AV., KEARNY, N. J.
¥Also: C. A. L.
Locust St., Hoverhill, Moss.
Applicants must comply with WMC regulations

NATION-WIDE
MAIL ORDER
DISTRIBUTORS
SINCE 1928

ELECTRONIC

DEVICES

Pox ...

TRADE

INDUSTRY
VOCATIONAL
COMMUNICATION
PUBLIC UTILITY
and
EXPERIMENTAL
APPLICATIONS

BURSTEIN-APPLEBEE CO.

1012-14 McGEE ST.
KANSAS CITY 6, MISSOURI
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tion of the solenoid circuit switch.

The mechanical feeding and connect-
ing device must naturally depend upon
the physical requirements of the specific
component to he tested.

A famous mechanical engineer once
said, “You show me a job to be done
and I'll design an automatic device to

do it.” Most of us will hesitate to con-

cede that much but when we see the
wonders accomplished these days by
automatic machines we realize that his
boast is not far from possibility. Cer-
tainly a good deal more of our pro-
duction testing should be done by auto
matic machines—not so much to save
the cost of an operator, but to speed
up the test and to eliminate the per-
sonal equation and make it purely ob-
Jjective.

RECEIVER DESIGN

| Continued from page 36]

adequate (50 30 2500, or over
60 db) for most conditions.

Ihe possibility of permeability or
concentric lines tuning should also be
considered  for the r-f and antenna
stages as it is here that low-loss high
gain circuit really pay dividends in the
way of hetter signal to noise ratio and
good image rejection.

In conclusion, we can summarize the
solutions to our new problems, regard-
less of which type of tuning is chosen,
into four main points:

1. Eliminate all unnecessary

and extraneous capacities.
2. Design for high tuned circuit im

pedance.

3. Select tubes ;uu;ug ngh ;llpllt re-

sistance.

4. Choose i-f frequency with regard
to image response as well as se
lectivity and gain.

Much can be gained in overall per-
ormance by applyving some of our re-
cently acquired very high frequency
technique in the design of FM home
receivers, Of course there are plenty of
limitations, particularly from a cost
standpoint, but these can and will be

leads

gradually overcome as competition be-
comes more keen.

1 Radiotron Designer's Handbook — Pub-
lished by Wireless Press for Amalgamated
Wireless Valve Co. Australia. Distributed
in USA by RCA Manufacturing Co.
*Frequency Converters for Superhetero-
dyne Reception—Herold, Proc. I.R.E,
Feb. 1942.

® Ved %&E&dg

Warld's Largeal Manulacturer af
Wireless Telegraphic Apparatus

COMPFLETE CENTRAL QGFFicl ITQUiFEINT

McElroy Manufacturing Corp.

B2 Brooklise Avemwe « Bostos, Massachusetls

WANTED
Telephone Engineers
and Draftsmen

We have several attractive
openings for engineers and
draftsmen with experience on
central office telephone switch-
board equipment, especially
Strowger step-by-step systems.
Consideration will be given
to men without manufactur-
ing-engineering experience
who are familiar with dial
system principles and opera-
tion. College education is de-
sirable but not essential. Plans
for widespread postwar adop-
tion of dial equipment in the
United States and abroad
make this an unusual oppor-
tunity for progress with the
leading organization in its
field. Applications treated in
full confidence. Write Mr.
E. C. Seepe, Personnel Di-
rector.

AUTOMATIC ELECTRIC COMPANY

Originators of the Dial Telephone

1033 WEST VAN BUREN STREET
CHICAGO 7, ILL.

Ty —
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YEARS OF DEPENDABLE
TRANSFORMER

)
T

SERVICE!

TRANSFORMER DIVISION

THORDARSON ELECTRIC MFG. CO.
300 WEST HURON STREET, CHICAGO, ILL.

, Trangfoimen Cuscirallsts Siicce /875

. . .ORIGINATORS OF TRU-FIDELITY AMPLIFIERS
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To those who wonder
why we need still bigqger

War Loans

N THE Tth War Loan, you’re being asked to
lend 7 billion dollars—4 billion in E Bonds
alone.

That’s the biggest quota for individuals to date.

Maybe you've wondered why, when we've ap-
parently got the Nazis pretty well cleaned up,
Uncle Sam asks you to lend more money than
ever before.

1f you have, here are some of the answers:

This war isn’t getting any cheaper

No matter what happens to Germany—or when
—the cost of the war won’t decrease this year,

We're building up a whole new air force— with
new jet-propelled planes and bigger bombers.
We’re now building—even with announced re-
ductions—enough new ships to make a fair-sized
navy. We’re moving a whole war half around the
world. We’re caring for wounded who are arriving
home at the rate of one a minute.

Furthermore, there will be only 2 War Loans
this year—instead of the 3 we had in 1944,

Each of us, therefore, must lend as much in
two chunks this year as we did last year in three.
That’s another reason why vour quota int the 7th
is bigger than before.

The 7th War Loan is a challenge to every
American. The goal for individuals is the highest
for any war loan to date. The same goes for the
E Bond goal. Find your personal quota—and
make it!

ALL OUT FOR THE MIGHTY 7" WAR LOAN

RADIO

This is an official U.S. Treasury advertisement — prepared under auspices of Treasury Department and War Advertising Council
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MRVEY

complete radio

and electronic service
includes:

Extensive stocks. ..

of critical radio and elec-
tronic components ... meters,
resistors, capacitors, trans-
formers, test equipment . . .
and hundreds of other scarce
parts and equipment.

A "We-find-it-for-you
department . . ."

o stoff troined to obtoin the
goods you specify, or, if thot
is impossible, to suggest on
equolly effective, substitute.

Priority problem
specialists . . .

and technical advisors who
have the advantage of “know-
ing-it-all”. . . but who are
helpful and courteous in
teaching it to you.

Prompt deliveries . . .
that needs no amplification.

Haturally. cack order must be
swicd by the proper provily.

L Phone Orders to LOngacre 3-1800

ADIO COMPANY

HRETEY

103 WEST 43rd ST., NEW YORK 18, N. Y.
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INCLUDE BRIDGEPORT IN YOUR POSTWAR PLANS!

Bridgeport Manufacturing Company

is your logical supplier for R.F.coils

and chokes, I. F. transformers and %*
transmitting coils and chokes. Right

now we'’re turning out 3earch coils i ey
and variometers by the carload for

the Armed Forces. After V-day, the

same facilities now devoted to this Bridgeport’s location, near the
big job and the same personnel that population center of America, as-
are meeting the most rigid military  pores you et trunk e service
spec1f'icgtlons will be available for gj?\v to insure early postwar
your job. elivery.

BRIDGEPORT

MANUFACTURING COMPANY
Bridgeport, lllinois
R. F. Coils ¢« R.F. Chokes « |. F. Transfermers
Transmifting Coils ¢« Transmifting Chekes
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N approved by

Underwriters’ Laboratories

WIRE insulation made from GEON has been approved
by Underwriters’ Laboratories for use in wet loca-
tions, eliminating the need for lead sheathing. Besides this
advantage, GEON permits the use of thinner insulation
and makes possible a smaller diameter wire—thus more
conductors and more power per conduit. Other character-
istics of GEON make possible an insulation which does
not require a protective braid and which has superior all
’round long-time aging and electrical properties.

How’s this for a test of an insulating material—/m-
mersed in water for 106 days at 70 degrees C. (This test con-
ducted by Electrical Testing Laboratories, Inc.) Insulation
made from GEON stood that test, and came out with its
electrical properties practically unchanged!

SNVW insulation made from GEON is flame resistant,
too—it extinguishes itself, an added important property
in wet locations where exposed connections increase the
danger of short circuit and fire. Corrosive conditions are
common in wet locations. But they have no effect on insul-
ation of GEON which resists the action of acids, alkalies,

12

>

TESTS PROVE
EXCEPTIONAL STABILITY
OF ELECTRICAL

PROPERTIES

oil, greases, mildew, heat, cold and many other normally
destructive factors.

Urgently needed for military uses, all the GEONS are
subject to allocation by the War Production Board. Our
development staff and laboratory facilities are available
to help you work out any special problems in connection
with essential applications. For more complete informa-
tion write Department WW -5, Chemical Division, The
B.F. Goodrich Co., 324 Rose Building, Cleveland 15, O.

CHEMICAL DIVISION
The B. F. Goodrich Company

324 ROSE BUILDING ¢ CLEVELAND 13, OHIO

MAY, 1945 %
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Out of the War Came
BETTER Insulation!

TRIKING progress in many lines during the all out war
effort will have great value in the future and will
pay back a part of the terrible cost of war.

Formica FF and MF grades developed during this time
have introduced glass base laminated sheets to electrical
engineers and have provided insulation of a new high
quality in the laminated form.

Some of these grades are excellent high frequency in-
sulators—comparable with ceramics—yet they maintain
the easy machinability and workability of laminated
parts. They can be punched, drilled, milled. Some of
them have exceptional heat resistance for use in motor
slot wedges and similar applications.

They will produce better electrical devices at lower
costs in the years to come, and contribute in a small way
to making a better world.

Enaineering data on request.

THE FORMICA INSULATION COMPANY

4670 Spring Grove Avenue
Cincinnati 32, Ohio
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