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For Accurate Alignment of IF Circuits...
THE HAR-CAM Tiswal Hignment SIGNAL GENERATOR
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This sturdy, compact HAR-CAM  from 100 kc to 20 mc . . . Its linear  amplifier of the oscilloscope . . .

unit is designed for the visual align-
ment of the IF circuits in FM and
AM receivers. The performance of
the IF circuit is shown visually on an
oscilloscope and accurate alignment
is swiftly and easily accomplished.
The Model 205 TS HAR-CAM
Visual Alignment SIGNAL GEN-
ERATOR has a frequency range

frequency sweep deviation is adjust-
able from zero to 900 kc peak to
peak . . . Stable r-f gain control is
independent of frequency . . . Output
impedance, 1 ohm to 2500 ohms . . .
It has a phone jack for aural monitor-
ing of zero beat calibration of main
tuning dial and a panel jack to feed
linear sweep voltage to the x-axis

Size, 7" wide, 91’ high, 101"’
deep. Weight but 18 pounds.

The HAR-CAM 205 TS is designed
and built with stable and proven
circuit principles which insure fine,
lasting performance. For complete
specifications -write for HAR-CAM
Visual Alignment SIGNAL GEN-
ERATOR Bulletin No. H-40.

HARVEY RADIO LABORATORIES, INC.
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THE RISING INTEREST IN MOBILE AND
POBTABLE commercial communications
cquipment for trains, busus, cabs, trucks,
marine-craft, and publ\c service, police
and fire ve!ncles has initiated many un-
usual development projects. Because of
the variety of problems that prevail in the
installation stages and in en-route use,
laboratories have begun to develop cus-
tom-model systems, For instance, trucks,
cabs and buses, O[)t’l‘dlll'lg n mountamom
terrﬁl.ln1 will receive a transmitter-receiver
unit particularly designed for that type of
travel. Distances are also a considered
factor in this design. Cars vperating n
crowded tall-building mctropolitan areas
will receive equipment with features par-
ticularly adaptable to that type of service.
Vehicles operating in suburban-type com-
munities will receive another type of in-
stallation.

Proximity of mineral deposits, water,
tunnels, conduits, etc., are also being
taken into consideration in this design
program,  Other factors being studied
are types of vehicles, cargoes being car-
ried and space available for installations.
For instance, special units are being de-
veloped for trucks carrying volatile ma-
terials, as well as for the huge freight-
carrying trucks, overnight buses and
smaller vehicles. These units will be n
one, two, or three-section style depend-
ing on space availability,

Both communications equipment and
vehicle fabricators are cooperating in this
effort to provide a communications serv-
ice that will be fool proof. Good work!

THE RECENT VAPORIZED - ZINC - COATING
capaciTor German development disclosed
by the War Department, introduces &«
manufacturing procedure that may com-
pletely alter many standard concepts.

Developed by the Robert Bosclh Com-
pany of Stuttgart. Germany. these cu-
pacitors heal automatically after quite a
few breakdowns. It was possible to
operate these capacitors at 20 to 509
higher voltages than paper and foil ca-
pacitors. made in the standard fashion.
To illustrate, one type capacitor made by
the Germans used a single sheet of .4-mil
kraft paper and had a maximum working
voltage of 230 d-c. Some capacitors used
a zinc film only 2 microns thick.

The process covered by U, S Patent
2.244090 is in the custody of the Alien
Property  Custodian,  The  1nachinery
used to produce thcse capacitors is ex-
pected to arrive in this country some
time during the summer when it will he
placed an public exhibit.

OCTGBER WILL BF QUITE AN ACTIVE cOnl-
ference and show month. The TBA have
scheduled their second television con-
ference for the Waldorf-Astoria Hotel in
New York City on Thursday and Friday,
October 10th and 11th. NAB expects
to hold their conference in Chicago dur-
ing the later part of October.—L. W.

Including Telavision Radio
neering, Commmatm Engi-
neering, The Broadeast E Registered

U. 8. Patent ﬁce. ‘
Member of Audit Bureau of Clrculations.

APRIL, 1946
YOLUME 26

COVER ILLUSTRATION

‘I'he WOR clectrical-transcription control room.

NUMBER 4

EQUIPMENT DEVELOPMENT

The Measurenwent of Audio Distortion.. ... ...... ..o, .. H. H. Scott 23
A Study of Methods Used to Meusure Distortion in AM and F-M Systems.

QUARTZ CRYSTAL DESIGN

Plating Quartz Oscillator Crystals. ... ooov oo ii i an., K. M. Laing 26
An_Analysis of Plating Methods . . Comented, Foil,
Fifm, Firing, Stlver Ploting, vte.

BROADCAST ENGINEERING CONFERENCE REVIEW
A Report On the Sixth Annual Conference of Broadeast Engincers
lewis Winner 30

Preventive Matntenavce for Broadrast Stations (Charles Singer) ... ovvinvenens 30
Magnetic Recording (S. J. Bemuont) ... i i i e i 31
Tools For the Study of Disk Recording Performance (H. E. Roxs).........v.. .. 33
Irregular Room Surfaces (K. C. Morrical). .. ... .. i i ianannnn 35
Circular Antenngs (M. V. Scheidorf) . . . o i aaeeicannns 36
F-M Broadeast Loops (A. (. Kandoian). ... . . i i iiiiiannarnnnnns 38
Supey Turnstile Antennas (R, F, Holtz)y .. . . i i iiereinnnasna.. 8
The Clover-Leaf F-M dntenma (P. M. Smith) . .. oo e aiinnnns 58
Television Motion-Picture Film (Scott Telty oo . oo i ieranean 68
F-AT Station Monitor (. R, Suommerhaves, Jr) . C i e i iiecianas 63

F-M BROADCASTING

Direet Frequency-Modulation Modulators, ................. N. Marchand 42
A Discussion of Miscollowrows Types of Divcet F-M Modulators.
NOMOGRAM

Nomogram For Computing Inductance oif Suraight Cylindrical Wires
J. 1. Stephen 48

Chart Can Be Uscd for the ery Hiagh Frequencies.,

PRODUCTION DEVELOPMENT
Printed Girctits .o e e 78

MONTHLY FEATURES

Fditorial (We See) ... ... o 2
Veteran Wireless Operators’ Association News._ .. ... v v cven. 30
News Briefs of the Month. .. ... . ... . . . e, 61
The Industry Offers ..o oo e e e e 69
Advertising Index ... o 20

Published Monihly by the Bryan Davis Publishing Co., Inc.
BRYAN S. DAVIS, President F. WALEN, Secretary

PAUL S. WEIL, Vice Pres.-Gan. Mgr. A. GOEBEL, Clirculation Mgr.

Advertising and Editorial offices, 52 Vanderbilt Ave., New York 17, N. Y, Tele-
phone, MUrray Hill 4-0170. Cleveland 6, Ohio: James C. Munn, 10515 Wilbur
Ave,; Telephone, SWeetbriar 0052. Pacific Coast Representative : Branc!&Brand
1052 W. Sixth St., Los Angeles 14, Calif.; Telephone, Michigan 1732. Welling-
ton, New Zealand : "Te Aro Book Depot Melbourne, Australia: McGilPs Agency.
Entire Contents Copyright 1946, Bryan Davis Publishing Co., Inc. Entered as
second-class matter Oct. 1, 1937, at the Post Office at New York N. Y., under the
act of March 3. 1879, Yearly subscription rate: $2.00 in the United States and
Canada; $3.00 in foreign countries. Single copies, twenty-five cents

in United States and Canada: thirty-five cents in foreign countries. @D

2 © COMMUNICATIONS FOR APRIL 1946



SYLVANIA NEV

CIRCUIT ENGINEERING EDITION

APRIL Prepared by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 1946

~ ANNOUNCING!

EFFICIENT, NEW SYLVANIA R.F. AMPLIFIER TUBE

TYPE 7AG7

TYPICAL OPERATING CONDITIONS

Heater voltage
Heater current
Maximum plate voltage
Maximum plate dissipation
Maximum screen grid voltage
Minimum external negative

grid voltage .
Maximum screen grid dissipation
Maximum heater-cathode veltage

6.3 volts

0.150 ampere
250.0 volts

2.0 watts
2500 volts

1.0 volt
0.75 watts
90.0 volts

Here’s a new sha'rpl cut-off r-f pentode amplifier
designed especially for 6.3 volt and a-c/d-c
series service in Television and Frequency

Modulation receivers.

The tube may be operated with full plate volt-
age on the screen grid to produce hig_h input

resistance as a result of reduced electron transit

time. Identical voltage requirements for plate
and screen grid also eliminate the need of screen
grid filter resistors and by-pass capacitors in
some circuit applications.

inquiries concerning the new Sylvania Type
7AG7 r{ pentode amplifier tube are invited. Write:
Sylvania Electric Products Inc., Emporium, Pa.

SYLVANIA ¥ ELECTRIC

Emporium, Pa. _
BAKERS OF RADIO TUBES; CATHOOE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTYRES, WIRING DEVICES; ELECTRIC LIGHT BULBS
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. ‘MODEL 201B

OUTSTANDING
NEW FEATURES

3 Watts Ovutput
Distortion Less Than !2 of 1%
Low Hum Level
New Dial With Ball-Bearing Drive

Accurate Expanded Frequency
Calibration

Improved Control of Output Level

In I'M and other fields where high fidelity is important, this new
-bj- Maodel 2018 Audio Frequency Oscillator will meet every
requirement for speed, ease of operation, accuracy and purity of
wave form. The product of 6 years of -p- oscillator develop-
ment, this new oscillator has many brand new features, in addi-
tion to the revolutionary resistance-tuned circuit which has made
-bp- a byword in engineering circles,

The 201B has an accurate, convenient method of frequency
control. The 6" dial, with smooth ball-bearing action, may be
tuncd by a directly conwrolled knob, or for still greater accuracy,
may be set by the vernier which has a rado of 6 to 1 w0 the main
dial. The illuminated main dial is designed so that parallax is
climinated. Iu is calibrated over 300 degrees with approxi-
mately 95 calibration points and has an clfecuve scaledength of
about 47 inches. The frequency range is 20 ops w 20 ke,

The ampliier delivers up 1o 3 wates of power into a 600 ohm
resistance load, with distortion held v 1€q. Thus chere 1s suth-
cicnt power available for driving almost any kind of laburawry

HEWLETT-PACKARD COMPANY

" A New -hh'p- AF Oscilldtijr* |

or production equipment. Harmonic distortion may be kept to
Iess than Iy of 19, if the output of the amplifier is limited to
1 watt.

Another important feature of this oscillator is the provision
which is made for standardizing each frequency range against
a reliable standard, such as -hp’s- Mode! 100B Secondary Fre-
quency Standard. By standardizing the instrument regularly, fre-
quencies can he depended upon to be better than 1% accurate,

A new departure in oscillator design is the dual method for
controlling output level. A volume control which is ahead of
the amiplitier controls the voltage at which the amplifier oper-
ates. An output attenuator is provided to attenuate the signal
delivered hy the amplifier. Attenuation is approximately linear
from zero to 40 DB. Both hum level and output voltage are chus
attenuated together. As a result; hum level may be kep: 60 DB
or more bhelow the signal level, a special advantage in cases
whiere small test signals are used.

The impedance looking back into the out circuit is about 50
ohms; thus the voliage regulation for varying loads is extremely
good. For measurements where it is desirable 1o have impedance
looking hack into the instrument of 600 ohms, as in transmission
measurements, the attenuator may he used o give about 6 DB
or more of attenuation, making the reflected impedance of the
instrument about 600 ohms.

Cure has been taken to perfect every detail of this new oscil-
lator. Improved chassis layout and placement of component
partsy minimizes thermal drift. The volage on the oscillawor is
maintained constant with an electronic volaage regulator. The
entire instrument is characterized by greater mechanical rigid-
ity: the tuning assembly is mounted on a sturdy.cast aluminum
frame. The chassis jtself Is natde of aluminum: the oscillator is
light in weight and easy to handle. Write today for latest daa,
prices and delivers information on this versatile, accurate re-
sistance-tuned oscillator,

BOX 115%E« STATION A+ PALO ALTO,CALIFORNIA

Audio Frequency Oscillators
Noise and Distortion Anolyzers

Squore Wave Generotors Frequency Stondards

* COMMUNICATIONS FOR APRIL 1946

Signal Generators
Wave Anolyrers

Yocuum Tube Yoltmelers
Frequency Mefers

Attenuofors Electronic Tachometors




Look ahead %

‘® This year, Sperry Gyroscope Com-
pany introduces its new Radar
equipment for marine use.

Sperry Radar has been conceived
to function better in this funda-
mental service: To enable ships to
operate on schedule regardless of
visibility...through thick fog, heavy
rain, dense smoke, darkness.

As an aid to navigation it picks
up channel markers and buoys; as-
sists in making lapdfalls with assur-
ance; spots icebergs, floating dere-
licts and other hazards projecting
above surface. It also permits vessels
to enter harbors and proceed with

all due safety and caution through
fog. Another important feature:
Sperry Radar provides a Gyro-Com-

‘pass-controlled image and can be

operated by bridge personnel with-
out extensive technical background.

In design and construction, Sperry
Radar reflects this company’s many
years of experience in precision
manufacture of marine equipment—
as well as its outstanding achieve-
ments in the field of electronics. In
simplicity and dependability, this
new Radar exemplifies again
Sperry’s ability to build superior
products for merchant ship service.

Radar by Sperry

Sperry Radar Features:

® Designed to meet all Class A
specifications of the U. 5. Coast
Guard.

® Maximum range 30 miles—
minimum, 100 yards.

® 10-inch picture on a 12-inch
screen,

® Images presentcd in true or
relative relationship at option
of operator. :

® Gives accurate ranges read
from indicator instead of esti-
mated from scope.

® Backed by world-wide service.

SPERRY GYROSCOPE COMPANY, INC. crear neck, . v.

@émh{on a/ the mey gofl/wfzaﬁan

*

LOS ANGELES « SAN FRANCISCO « SEATTLE « NEW ORLEANS
CLEVELAND = BROOKLYN » HONOLULU
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Type
No.

A-10

A-12

A-18

A-25

A-26

A-30

Applicotion

low impedance mike, pickup,
or multiple line to grid

Llow im‘pedance mike, pickup,
or line to 1 or 2 grids

low impedonce mike, pickup,
or mullipie line to push pul!
grids

Single plote 1o two grids

Single plote 1o multiple line

Single plate o multiple line
8 MA unbalanced D.C.

Push pull Jow level plates to
multiple line

Primary
impedance

50, 125, 200, 250, 333,
500 ohms

50, 200, 500 ohms

50, 125, 200, 250, 333,
500 ohms

8,000 10 15,000 ohms
8,000 to 15,000 ohms
8,000 to 15,000 ohms

8,000 to 15,000 ohms
eoch side

FOR MI{MEDIA TE DELIvERy

ron .
T Your D:srr:’bmor

UittRA CompAcT HiGH Fipetity Aubpio UNirs

Secondary
Impedance

50,000 ohms

50,000 ohms

80,000 ohms overoll
in two seclions

80,000 ohms overoll,
2.3:1 turn rotio overoll

50, 125, 200, 250, 333,
500 ohms

50, 125, 200, 250, 333,
500 ohms

50, 125, 200, 250, 333,

500 ohms

* 2 DB from
30-20,000

50-10,000
multiple alloy
shield for
extremely low
hum pickup

30-20,000
30-20,000
30-20,000
50-12,000

30-20,000

Audio choke, 300 henrys @ 2 MA 6000 ohms D.C., 75 henrys @ 4 MA 1500 ohms D.C., induclance

with no D.C. 450 henrys

The obove listing indudes only o few of the many Ultro

Compact Audio Units available . . .

Tlnitled Tnams

180 VARICK STWEZEY *

EXPORY DIVISION: 13 EAST 401h STREET, NEW YORK 1§, M. Y.,

write for more defails.

»

MEW YORX 13, H. Y.

CABLES: “ARLAD™

List
Price

$12.75

13.90

12.75

11.60

1275

11.60

12.75

8.70




The Answer to Television and
Other High-Voltage Resistor
Applications. ..

Completely insulated surface

Standard Sprague Koolohm Wire Wound Resistors
have the high insulation resistance to ground which
you need for television and other applications where
high voltages are involved—10,000 volts from the sur-
Jace of their sturdy ceramic jackets to theér resistance
elements. Mount them anywhere without fear of
voltage breakdown!

WOUND WITH

CERAMIC
INSULATED

WIRE

In addition, Koolohms give you the
advantages of higher resistances in

DouBLYy

smaller physical sizes; easier mounting; :ROTEC"D

use at full wattage ratings; and overall CERAM Y glazed
tropicalized protection against the most MOIsT, IC SHEs and
severely humid conditions. Write for URE-PROOF END sEals

Catalog 10EA.
SPRAGUE ELECTRIC CO., Resistor Division, North Adams, Mass.

SPRAGUE {O0LOHM

TRADEMARK REGISTERED U.S. PAT. OFF,

The Greatest Wire-Wound Resistor Development in 20 Years
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+ s+« A LABORATORY-TYPE SIGNAL GENERATOR FOR SERVICEMEN

We've been designing and producing signal signal generators built for laboratories only, sell-
generators for a good many years—each one the ing at twice and three times the price of the Model
best we were able to produce in that year. The 415, that will do very little more than this new

y 0 - .

have always been pace-setters. Over the years they Simpson Wide Range Signal Generator for AM

have become the standard of utility in such instru- and FM. And no serviceman’s instrument we know

ments for servicemen—distinguished always by of even approaches Model 415 in range, control,
that inbuilt Simpson accuracy that stays accurate. constancy of output, completeness of attenuation

Every new model has stepped up the value, dollar and degree of utility. Here is another of Simpson's

for dollar, of the serviceman’s investment. 1946 developments in instruments for radio and

Now this Model 415, with the widest frequency ~ ‘elevision servicemen, the product of long and re-
range of them all, tremendously widens the value warding research.
range as well. Every dollar of its price buys more We offer Model 415 in the proud knowledge
than a dollar ever bought before, even in 2 Simp- that it is not likely to see its peer for a long time
son instrument. We know, for instance, of several to come.

1. Direct reading dial with continuous coverage from 70 Kilocycles PANEL—Lustrous black anodized aluminum. Dial is encased in a
10 130 Megacycles in the following ranges: 75-200; 200-600; molded bakelite escutcheon with glass covering for protection
600-1750 Kilocycles and 1.5-94.5: 4-15; 14-30; 29-6%; 58-130 against damage and dirt. Functional switches and controls are
Megacycles. mounted on engraved molded bakelite panels.

2. Model 415 is practically independent of line voltage fluctuation. GASE—Steel, copper plated for shielding effect and finished in
Calibration is stable regardless of wide variations in line voltage. black durable wrinkled enamel. Leather carrying handle.

3. RF outpur is controlled through its entire range, eliminating SHIELDING—In addition to the overall shielding offered by the case
the necessity of a separate connection for high uncontroiled out- and panel, che coils and tuning condenser are individually shielded.

s found in other signal generators then an additional shield is placed over these two assemblies. This
put a B & ) series of shields together with orher factors reduce leakage 10 an

4. RF outpur voltage is praccically coastant throughout the en- absolute minimum.

tre {requency range. COILS—Low loss RF coils are individually calibrated by means of

5. Modulation from 0 to 100 using either the 400 cycle internal variable inductance and variable minimum capacitance. These ad-
sine wave or an external source. A range from O to over 20 volts justments provide the means for greatest possible accuracy in cali-
of 400 cycle sine wave is available for external use. bration.

4. High fidelity modulation up 1o 100%; from below 60 cycles per BAND SELECTOR—The rotating turrer coil assembly permits the
second 10 over 10 Kilocycles per second use of shortest possible wiriag. resulting in minimum circuit capaci-

rance and permits quick selection of any frequency range.
No unwanied frequency modulation present. . . } i
GCONDENSER—A two section tuning condenser using eitber one sec-

8. Each Signal Generator is individually calibrared againsc a crystal tion or the other provides for ideal inductance to capacity ratio on

con«rolled frequency standard. all bands. Smooth vernier runing permits accurate adjustment of che
9. Substantial construction assures maintenance of calibration ac- sel‘ec:ed frequency.
curacy indefinitely. PrECE oot e e e ar e $115.00
ASK YOUR JOBBER SIMPSON ELECTRIC COMPAMNY

5200-5218 W. Kinzie 5+, Chicago 44, lllincis
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NEW SIMPSON
WIDE RANGE
SIGNAL GENERATOR
FOR AM AND FM

—— — e — — N e —

MADE 1N g 4

WATCH FOR NEW SIMPSON DEVELOPMENTS ... THEY ARE WORTH WAITING FOR
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wa THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT

A'-"

HERE IS A RADICALLY IMPROVED
VERSION OF THE EIMAC
MULTI-UNIT 304TL TRIODE ?

Db

NEW NON-EMITTING GRIDS

NEW LOW-TEMPERATURE PLATES

L

o

The Eimac Multi-Unit triode 3-300A2 pictured above gt

is a radically improved version of the original 304TL
which has been establishing outstanding performance
records for a number of years in both civilian and
military equipment.

The use of Eimac developed, non-emitting grids,
contributes greatly to its already high stability, effi-
ciency and long life, and the new type plates enable it
to operate at much lower temperatures. "

One of its outstanding characteristics is its ability to %
handle high current at relatively low voltages. For
example: as 2 class-C amplifier the Eimac 3-300A2 will
handle 1200 watts plate input with only 2000 volts on
the plare. Under these conditions, the tube will deliver .

a power output of 900 watts, with a driving power of ;
only 36 watts. The chart at right shows driving power’ NEW TYPE ;
requirements vs. power output. The symbols Pp indi- NUMBER =0

cate plate dissipation. Further information will be 3-300A2 s 3
promptly supplied without cost or obligation. Bl Al /j

ELECTRICAL CHARACTERISTICS

Filoment: Thorioted tungsten
Voltoge . . . . . . . . 50e0r 100 volts
Coureent . . . . . . . . 250 or Y2.5 amperes .

Amplification Factor {Average} . . . . . . , . 12 !

Direct Interelectrode Capacitances (Average)
GridePlate . . . . . . . . . . .+« . 91 yuf i
Grid-Filament . . . . . . . . . . 85 uuf
Plate-Filament . . . o e 0.6 wuf

Transcenductance({lp =1.0amp., Ep = 3000, e, =—200) 16,700 umhos

E =2000VOLTS
EIMAC 304 TL
TO NEWTYPE No. 3-300A2
7 LEGEND
eFrk [ &, H
= ' % [voLTS|]
e 05 |-600
80 |-350
L —-— |15 |-300 []
T0 |-230 |
——— &8 |-250 [|

B

FOLLOW THE LEADERS TO
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EITEL-McCULLOUGH, INC., 1176F San Mateo Ave., San Bruno, Culif.

Plants lotated ut: 3an Brune, Colif., % and Salt Lake City, Utah
&
Export Agents: Frarar and Honsen, 301 Clay $t., San Francisce 11, Calif., U. S A

GRID DRIVING POWER-WATTS
I
|
I

CALL IN AN EIMAC REPRESENTATIVE FOR INFORMATION 20 /

ROYAL J. HIGGINS (WPAIO) ... 600 ADOLPH SCHWARTZ (W2CN}...220 - e 300w
S. Michigon Ave,, Room B3, Chicogo 3, Broodwoy, Room 2210, New York 7, p )|

{llinois. Phone: Horrison 5948.

V. O. MENSEN, Gencral Sales Co.,
2616 Second Ave., Seottle 1, Washing-
ton. Phone: Eilion 6871,

M. B. PATTERSON (WSCl) ... 1124

irwin.Kessler Bidg., Dollos 1, Texas.
Phone: Central 5764,

CAUTION! Look for the latest serial numbers on Eimac Tubes. Be sure you get the newest types.

N. Y. Phone: Cortiond 7-0011,

HERB B. BECKER (WOGD) . . . 1406 S.
Grond Ave.,Los Angeles 15, Califarnia.
Phone: Richmond 4191,

TIM COAKLEY (WI1KKP)...11 Beocon

St., Bosten B, Massochusetts. Phone:
Capital 0050.

POWER OUTPUT-WATTS

L]




‘What DOES Make a
BETTER Loud Speaker?

WII.L the possession of physical facilities and desire create a better product?
No, because for all of their importance, these possessions are cerlainly not unique.
All institutions have them to some degree. Is it fanciful claims and fluent use of
superlatives in product description that make a product better? Obviously not. Is it
the achievement of theoretically perfect performance in the laboratory? No, not that
either, for perfection in such respects does not necessarily create the practical ideal.

The simple truth is that no product can be better than know how and the honest
application of that know how as the product is created and its virtues described.

What is the yardstick of these ingredients in a product? The record of achieve-
menits and the list of contributions to the advancement of science and art is one
good mecasurement. The First PM Speaker, the Bass Heflex Principle, the Hypex
Formula are just a few of the advancements contributed to the industry by JENSEN,
There is clso the endorsement by those users and connoisseurs of Loid Speaker
performance whose first and last emphasis is always on superiority. JENSEN Loud
Speakers and Reproducers are the overwhelming choice of such people. Finally,
and perhaps most important of all, there iz the established custom of the manu-
facturer to make honest statements as to the real abilify as well as limitations of
the product. Here at JENSEN this has always been a fixed policy, an absolutely
essential ingredient in honesty of pwrpose, even though by some standarde it
is called "selling down.” i

And so, a better Loud Speaker is created because of know how, achievement as
shown by the record, significant endorsement and integrity of purpose from start to
finish, JENSEN Loud Speaker Products, personnel and policy mest these requirements.
For those interested in the proper appraisal, selection, use and operation of Loud
Speakers, JENSEN is publishing « series of Technical Monographs —of which five
issues are now in print, Note the titles listed below and write for one or all of them.

5 MONOGRAPHS AVAILABLE

1. Loud Speaker Frequency-Response Measurements
2. Impedance Matching and Power Distribution
3. Frequency Renge in Music Reproduction

4. The Effective Reproduction of Speech

5. Horn Type loud Speakers

FREE to the Armed Forces, Colleges, 25C
Technical $chools, libraries Each

JENSEN RADIO MANUFACTURING CO.

6603 50. LARAMIE AVENUE, CHICAGO 38, ILLINOIS
In Canada: Copper Wire Producls, Lid,, 137 Oxford Street, Guelpk, Ont.

Seecialisls én Design and Manufuctire of Fine sdeowstical Egeifrment
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L. First voice circuils were single iron wires with 3. Lead covered cable compressed many wire
ground return. Frequency limilations, noise and high circuits info small space —took wires off cily streets.
losses soon ruled them out. ) But losses are prohibitive al very high frequencies.

2. Big improvement was the oll wire circvit—a 4q. Cooxial coble — o single wire strung in a pencil
pair of wires ta a message Later came corrier which size tube —exlended the usable frequancy band up
stepped up frequency ond permilted several messages to millions of cycles per second and today carries
per circun! hundreds of messoges per circuil, or the wide bands

needed for television.
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Back in 1933, Bell scientists established an historic
first when they transmitted very high frequency radio
waves for hundreds of feet along hollow pipes called
wave guides. For them it was another forward step in
their long research to make communication circuits
carry higher frequencies, broader bands and more
messages per circuit.

Continuing Research showed the way

From the days of the single open wire line—through
all-metallic circuits, phantoming, cable, carrier sys-
tems and coaxials —up to today’s wave guides, every
improvement has been the result of continuous
fundamental study.

When Bell Laboratories started work on wave
guides, there was no immediate- application for the
microwaves they guided. But the scientists foresaw that
some day wave guides would be needed —so they kept
on working until they had developed the wave guide

fransmission

into a practical device.

}? g s s g e o,

With the war came radar—and the problem of con-

ducting microwave frequencws.w Bell La oratories
had the answer —wave guides —-Wlthout*whlch radar
at the higher frequencies would, have beqmlmpl actical.

tories*have continued
oy hlgher and hlgher

5. Wave guides, fundamentally different in trans-
mission principle, chonnel energy as radic waves
through pipes; vary in size from several inches to
under | em.; become smaller as frequency rises.

provnded equipment” pumng the'se scientific advances
to work. This team has ‘hetome the natural leader
in the field. s '

When your reqmrement dictates the use of VHF —.

_in mobile communications, broadcasting, or point- to- .

point radio telephony—depend on Western Elecgl icto
supply the latest and best equipment for your needs.

6. late modei rodar wave guides, similar to that
used to feed the antenna above, can carry 3% cm:
waves at more -than eight billion cps. Experimental
guides for still shorter waves are being fested.

BELL TELEPHONE LABORATORIES

World’s largest organization devoted Pu.n'mn'e.h tor rosearch

and development in all phases of electrical communication,

Western Elecfric

Manufucturing unit of the Bell System and nation’s largest
producer of communications and electronic equipment.
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compLete MmatcHeD FM ond AM
RADIO COMMUNICATION EQUIPMENT

Droolittl

Mobile Receivers ¢ Station Receivers ¢ Frequency Monitors
Mobile Transmitters ¢ Station Transmitters ¢ Station Control Units

Concentric Transmission Line ¢ Mobile Antennae °

FREQUENCY MONITORS (FM and AM)

Direct reading. No chorts or complicated calev-
lations necessary. Model FD-8 — AM  Monitor
1600 ke, to 50 mc. operation on one io four fre-
quencies or Model FD-8B one to six frequencies.
Model FD-?A FM Monitor 30-44 mc. operation
on one or two frequencies.'All have 110 V. AC
60 cycle self contained power supply.

o - i TR S

z,;,,o
l

MOBlLE EQUlPMENT (FM and AM)
Maodels up to 60 watts output. Crystal con-
trolled. Complele with Transmilter, Receiver,
Power Supply ond all Accessories.

Emergency services function with increased
speed and effectiveness through FM and AM
equipment completely engineerec, buiitand
wafched by DOOLITTLE. Individual units or
complete systems .
equipment ..

HF or VHF .

. . standard or special
. high or low power ... in MF,
. for old and new bands.

I&D 10, INC.

7421 L I.OOMK !LVD‘. CHICAGCI 3&, IH.IHDIS

COMMUNICATIONS ROR APRIL 1748

Station Antennae

PORTABLE FM MONITOR

Model FD-10A is similar to the FD-9A except
operates on & Volts D.C. Designed for checking
FM Mobile Transmitting Equipment at point of
operation, Supplied for operafing on cne or two
frequencies belween 30-44 me.

STATION
TRANSMITTERS
{(FM and AM)

18 available models.
Power output up to 1000
watts. Assure maximum
efficiency, absolute relia-
bility and econamical
maintenance, Statian Re-
ceivers, Contral Units and
Accessories to meet your
needs,

Qutstanding features of DOOLITTLE equip-
ment include: Noise operated squelch. Low
power consumption. Maximum coverage.
Latest electrical and mechanical design.
Compact, easy 1o install. Very accessible,
simple to service. Aluminum construction
throughout. Highest quality components.

Equipment engineered and built by DOQLITTLE
ysars ago still serves efficiently today.

Builders of Prec::.fm} Radio (ﬁmmmu‘xtﬁu & phbens
far Police, Fire, 6wmmﬂg¢, Foresiry,

- Uritity and other emergency services.




"

their particular application will be
available without undue delay.

That is why Bliley acid etched*
crystals persistently show up wher-
ever important developments are tak-
ing place in the communications field

in ad f —and go with those developments to

% WM‘ menta, aad:that the right crysta.l for  all parts of the globe. '
Your products, too, will benefit if
you make it a habit to “consult Bliley
I first” on frequency control problems.
B L I L E Y hus ihe crystu s There’s over 15 years of gquartz crys-
tal engineering experience at your

beck and call,

* Acid etching quaritz crystals to frequency is ¢
patented Bliley process.
For complete listing of Bliley

CRYSTALS

crystals now available see

Bulletin EM-27

BLILEY ELECTRIC COMPANY ¢® UNION STATION BUILDING, ERIE, PENNSYLVANIA
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ANSONIA BUILT A GREAT NEW

“ the Navy needed a specmhzed j
frequency cable. It had 0 featurz

(1) ﬂex:blluy

(2) extreme low d:elecmc loss
factors i

(3) serviceability under ex-
_treme weather condmons} 3

In cooperatnon with Navy Engineer-
ing, Ansonia helped develop a cable
answering these requirements —
M-1-29—available now, to you!

To the Navy this cable represented
high hdelity radar images and de-

endable service under severe operat-
ing conditions. To you, it may mean
clearer television, truer FM radio
tone or the solution of a problem in

transmitting ultra high frequency
power with low loss, since it ap-
proaches coaxial cable in dielectric
qualities yet is completely flexible.

Insulated with ANKOSEAL thermo-
plastic insulation, M-I-29 can be en-
gineeted and supplied to meet special
dielectric characteristics and operat-
ing conditions. "Yankee Ingenuity”

displayed in the creation of this cable
is ready now to help make it meet
your particular needs.

This is one of a complete line of
job - engineered cables made by
Ansonia. For details on this or
other cables, write Dept. AL
The Ansonia Electrical Company,
Ansonia, Conn.

Why ANKOSEAL solves cable problems

Ankoseal, a thermoplastic insulation, can help solve
many electrical engineering problems, now and in the
future, Polyvinyl Ankoseal possesses notable flame-
retarding and oil resisting characteristics; is highly

for its low dielectric loss in high-frequency transmis-
sion. Both have many uses, particularly in the radio
and audio fields. Ankoseal cables are the result of
extensive laboratory research at Ansonia—-the same

resistant to acids, alkalies, sunlight, moisture, and

laboratories apply engineering technique in the solu-
most solvents. Polyethylene Ankoseal is outstanding

von of cable problems of all types.

THE ANSONIA ELECTRICAL COMPANY

Spennhzmg i “Arnkoseal” a Ther moplastic Lusilation
ANSONIA CONNECTICUT

A Wholly-Quned Subsidiary of
NOMA ELECTRIC CORPORATION

GENERAL OFFICES « NEW YORK, N. Y.

Makers of the famous Noma Lights—the greatest name in decorative lighting. Manu-
facrurers of fixed mica dieleciric capacitors and other radio, radar and electronic equipment.
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Just what you’ve been waiting for!
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PRODUCERS
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~ Only FEDERAL gives you

2 plus values in...

'FM and TELEVISION
LEAD-IN WIRE

Produced by world's largest
manufacturer of high frequency
B cable! :

that have put Federal in the

2 ~ Engineered in the same laboratorie
B forefront in FM and Television

FEDERAL'S high frequency cable is really engi-
neered for low-loss signal transmission from antenna
to receiver . . . the product of years of experience in
FM and Television.

It's a solid, polyethelene insulated type . . . Te-
sisting water, acids, alkalies, oils . . . won’t embrittle
or age in sunlight. It retains flexibility in sub-zero
temperatures; and dimensional precision even in hot
weather. Elliptical cross section enables it to with-
stand twisting and abrasion—eliminates any mois-
ture conduction path.

Expont Dinrlbutary
intermatianol Standard Bactric Corparation

Federal Telephone and Radio Corporation

Federal’s lead-in cable is available to you now;
in various sizes. Write for complete details.

Federal Jead-ins have dual, stranded con-
ductors. Characteristic impedance. for
commercial telecasts is 300 chms—capac-
ity per foot is 5 munf.

'Other types produced for special ap-
plications and experimental work have
characteristic impedances of 200 and
100 ohins.

Newark 1, New Jervey
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You Have the“Know-How”
bui
have You the"KnowWhere’l

for business in Aviation? -3"

American Aviation. the twice-monthly publication of aviation
happenings. will bring youn reports of husiness interest in all

g &Y I t
phases of this growing industry. You can have the ponp on
competition with these facts. fignres and trends as reported
throughout the country by men closely allied with all hranches

of this expanding business.

Know in advance who plans to open new airlines. build 1
new fields. construet and equip new hangars. Have available
the latest informution on new aireraft types while still in the
design stage. Tt will give yon an early start in selling vour
equipment for the fimished product. Know who is in the
market for what you have 1o sell.

Other |
American Aviation Services
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®

A fnll Year’s Subseription eosts only $4.00

Fill out the coupon for Amncerican Aviation und any
of our other services vou can nse. Atiach to vour
letterhoad and mail. Wo'll do the rest.

merican
viafion@////éﬁz/ﬁ/y
VAmerican Building, Washington 4, D. C,

Start sending me American Aviation today T wend o check
wlhen von send me the hill, Twenty i izsues for S1.00,

Name.. .. _ - - - ————— —
Nehibrese - - —_— -
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AMERICAN PHENOLIC CORPORATION
CHICAGO 50, ILLINOIS

' In Canada * Amphenol Limited + Torenfo

-

COAXIAL CABLES AND CONNECTORS « INDUSTRIAL CONNECTORS, FITTINGS AN‘D
CONDUIT » ANTENNAS « RADIO COMPONENTS « PLASTICS FOR ELECTRONICS
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Typical low-distortion (.}%%) RC oscillator.
(G.R. 1301-4)

by H. H. SCOTT

Technology Instrument Ceorporation

between the point where it

reaches the microphone and the
point where it is reproduced by a loud-
speaker may be considered as distor-
tion. In general usage the term as
generally used has, however, come to
have a more restricted meaning—
namely, the introduction of extra com-
ponents into the signal which were not
originally present.

The simplest measurement of non-
linear distortion is obtained by apply-
ing a single sine-wave signal to a
transmission system and measuring the
various compomnents in the output of
the system with a wave analyzer. At
low levels in a good system over 999
of the output voltage will be at the
applied fundamental {requency, but
there will also exist at a per cent or
less of distortion, components corre-
sponding in this case to exact multiples
of the fundamental frequency. Of these
components, known as harmonics, the

ANY modification of an a-f signal
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The Measurement of AUDIO DISTORTION

A Study of Methods Used to Measure Distortion . . . Non-
Linear, Amplitude or Harmonic, Which May Include
Components Not Necessarily Harmonically Related to the

Signal.

Procedures Used for Measurement of Distortion

in A-M and F-M Systems Are Also Discussed.

second and third (corresponding to
twice and three times the fundamental
frequency, respectively) are generally
the strongest, but higher-order har-
monics may also be present at appre-
ciable amplitudes. There will also exist
in the output of the system other spuri-
ous components, consisting of the fun-
damental and harmonics of the power-
supply frequency, various noise com-
ponents resulting from tube hiss and
other circuit disturbances, pickup from
other circuits, and other extraneous
components, Many of these can also
be measured on an analyzer or other
distortion-measuring advice. As the
signal level is increased until various
parts of the system overload, harmonic
distortion may rise to 5%, 10% or

even higher values, which in most

cases are distinctly noticeable and an-

This paper was prepared exclusively
for COMMUNICATIONS and the NAB
Engineers Handbook.

noying in real high-quality reproduc-
tion,

Conventional Measurement Methods

The conventional practice has been
to measure non-linear distortion in
terms of the harmonic components
added to a single frequency test-tone
by the system, and various limits have
been set, depending upon the reqiiire-
ments of the problem. For instance,
distortion as high as 10% is considered
tolerable in a single output amplifier
stage by many home-type phono and
receiver designers, At the other ex-
treme, we have the new FCC require-
ments for systems, which specify a
total distortion between the micro-
phone terminals and the modulated sig-
nal, as radiated by the antenna, as low
as 2.59 for an entire system, including
many amplifiers, transmission lines or
other studio-transmitter links, various
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control and amplifier equipment, and
the transmitter itself.

In general, for systems of compar-
able design reatures which exhibit
similar characteristics in regard to the
generation of harmonics, a low level of
harmonic distortion measured in this
manner is an nulication of excellence.
For systems exhibiting different char-
acteristics, however, and which over-
load in various manners, it has long
been realized that the amount of dis-
torticn whiclh i~ awdlible to the ear is
not necessarily related exactly to the
single-frequency harmonic measure-
ments. This is particularly true in the
case of home-type receivers or other
sound-reproducing  cquipment  which
must be built to meet price competition.
The reason for this lies in the fact
that the distortion characteristics of a
non-linear system are far more conipli-
cated than can be determined by a sim-
ple single-tone measurement.

For instance, it two tones (§, and f.)
are applied simultaneously to i non-
linear systcm, the distortion products
include not only the harmonics ot those
two tones but also frequencies equal to
the sum and difference of the two tones
(I, + f.1 — £ and higher-order in-
termodulation products (such as 1, +
28, f— 20, 21, 41, 26—, cte
which theoretically may include beats
between the fumlamental and all of the
pos<ible harmonics of one tone and the

tundamental and all possible harmonics
of the other. It will be observed that
it is only by accident that any of these
so-called intermodulation components
ever coincide with a harmonic of one
of the original frequencies, Hence, this

intermodulation distortion represents
discordant components added to the
signal. Since any musical instrument
produces tones which contain harmon-
ics as well as the fundamental fre-
quency, it is obvious that a moderate
increase in the harmonics themselves
need not be annoying. However, the
addition of discordant components is
distinctly audible, and it is the presence
of such intermodulation products which
most people call distortion. In any
practical system the intermodulation
products mayv hecome serious under
conditions where the actual addition of
harmonics themselves 1s of little con-
sequence. The picture is further com-
plicated by the fact that non-linearity
in the amplitude characteristics of a
svstent, which accounts for the distor-
tion, 15 often a function of frequency,
particularly at the lower and higher
ends of the frequency range. This is
particularly true in systems involving
transformers, speakers and other elec-

tromechanical transducers, tone con- -

trol, and hiter, push-pull or feedback
circutts. The amount of distortion,
therefore, is a function not only of
amplitude but also of frequency.

COMMUNICATIONS FOR APRIL 1946

Low distartion (.27%) beat-frequency oscillator.
(G.R.913-B)

In a system producing serious dis-
tortion it is almost impossible to simu-
late by any reasonable measurements
the actual results which will be ob-
tained when a signal, such as music
from a large orchestra, is impressed
upon a system. With each of the thou-
sands of components producing inter-
modulation with the others, the result-
ing jumbled noise as heard by the ear
is, however, a good indication of what
is happening. The problem of distor-
tion measurements is, therefore, to pro-
vide the simiplest type of measurement
which can be correlated with distor-
tion as licard by the ear.

For years the total rms value of the
harmonies added to a single tone has
been used as a measure of such distor-
tion. Where the total distortion may
be kept low and the system is designed
in accordance with the Dest standards
of engineering practice without the
necessity to cut corners to save cost,
this type of measurement is generally
satisfactory. In the case of the f-m
transmitter, for instance, if the total
distortion is below 2.5%, it is not like-
ly that any distortion which may occur
will be sufficiently serious to be notice-
able. Nevertheless, it is still not im-
possible. As the quality of the system
decreases, it becomes miore important
to make additional measurements to
determine whether or not serious inter-
modulation takes place. Until further
information as a result of experience
becomes available, however, it may be
assumed that for equipment of the type
used in high-quality broadcasting a
measure of the single-tone harmonic
distortion will generally suffice.

A common fallacy in making har-
monic measurenients has been to as-
sume that harmonics above the range
of hearing were of no importance since
they could not be heard. It will be
noted, however, that the new FFCC re-
quirements for f-m specify harmonic
measurements as high as 30,000 cycles,
although, admittediy, no one can hear
such harmonics themselves. The reason
for this is that the presence of such
harmonics, whether they are heard or
not, indicates that distortion is taking
place, and the genevation of such har-
monics indicates the presence to an
indeterminate degree of intermodula-
tion products which mav fall withim

Amplitude-modulation  monitor  provided with
low-distortion detector circuit for audible mon-
itoring and distortion measurements.

(RO



A heterodyne-type wave analyzer.
S - (G.R. 736-4)

the range of hearing—in fact, within
the range where the ear is most sensi-
tive. Thus, these high-frequency har-
monic measurements are specified
rather than more elaborate intermodu-
lation measurements in an attempt to
assure that the intermodulation shall
not be serious. For a system of funda-
mentally high quality and designed in
accordance with best engineering prac-
tice, this is not an unreasonable as-
sumption.

In terms of what the customer hears
on his receiver, distortion measure-
ments are probably the most important
measurements to be made on a radio-
transmitting system. The maintenance
of low-distortion limits insures, in gen-
eral, clear, natural reproduction of the
signals, limited only by the capabilities
of the receiving system.

FCC Requirements

The FCC in its Standards of Good
Engineering Practice for f-m broad-
cast stations, requires that the overali
harmonic distortion at any modulating
frequency between 50 and 15,000 cycles
be within the following limits:

Modulating Frequency Distortion

30 to 100 cycles 3.5%
100 to 7500 cycles 25%
7500 to 15,000 cycles 3.0%

Standard test irequencies are 50. 100,
1.000, 5,000, 10,000 and 15,000 cvcles.

Such measurements should be made
employing the standard 75-microsecond
deemphasis in the measuring equip-
ment and the 75-microsecond preeni-
phasis in the transmitting equipment,
and should include all harmonics up to
30 kc. Measurements should be made
at 25%, 509% and 100% modulation.
This latter requirement has introduced
certain difficulties, since commercially
available analyzers will not tune much
above 18 kilocycles, and distortion
meters are limited in their sensitivity
by the noise in the measured signal.
The FCC allows a maximum of —60 db
below 1009% modulation for the f-m
noise level of the entire system in the
range from 50 to 15,000 cycles: 1009
modulation 1s equivalent to =75-kc
swing.

Since these tolerances include the

Null-type continuously tunable distortion and
roise meter with auxiliary vu scalc.
(G.R.1932.4)

entire transmitting system from the
microphone to the antenna, it is obvi-
ous that anysunit of the system must
be better. The FCC recommends that
none of the three main divisions of the
system  (transmitter, studio-to-trans-
mitter circuit, and audio facilities)
contribute over one-half of the total
distortion.

For television transmitters the per-
formance requirements of the ire-
quency-modulated sound channel are
the same as for f-m broadcasting, ex-
cepting that 1009% modulation is
equivalent to =25-ke swing, and the al-
lowable noise level is -55 db.

For a-m broadcast systems the FCC
has not established any definite distor-

tion requirements. Proposed RMA
standards for the transmitter alone
allow a distortion of 3% for modula-
tion percentages up to 85%, and 5%
for modulation percentages bhetween
85% and 959 for a range of funda-
mentals between 50 and 7500 cycles
and including all harmonics up to 24
kilocycles. The allowable noise level is
60 db below 1009, modulation. Pro-
posed RMA standards for distortion in
the audio facilities have a limit of 29,
from 100 to 7500 cycles and 3% from
50 to 100 cycles. All of these distortion
measurements are rss values: that is,
the amplitudes of the various har-
monics are combined by taking the

(Cosntinned on page 52)
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PLATING QUARTZ
Oscillator Crystals

by K. M. LAING

Morth American Philips Compaay, lac.

HE oscillating quartz crystal, in

common with many other elec-

trically active circuit compo-
nents, must be supplied with accessory
parts to make its properties available
in the circuit where it is used. In the
case of crystals, the electrically impor-
tant accessories are electrodes, connect-
ing leads, and contact members. The
former must be fitted to the crystal and
the latter must fit mating parts which
are permanently connected in the cir-
cuit. This discussion will be confined
primarily to the electrode member.

Many crystals produced in the pre-
war period and for military use were
assembled between massive metal elec-
trodes. The basic function of these
metal pieces, each usually thicker than
the crystal itself, is to establish an
equi-potential termination for an elec-
trical field in the region near the major
iaces of the crystal. The electrode is
made thick because one of its surfaces
must be plane and rigid. If one wished
to decrease the electrode thickness to
the minimum value required by elec-
trical considerations only, the logical
procedure would be to remove the
rigidity requirement from the electrode
itself, and use the rigidity of the crystal
to give the electrode face the required
characteristics. The arrangement may
be described as a thin metal plating
fastened to the crystal.

A factor which differentiates plated
cryvstals from those supplied with mas-
sive electrodes arises from changing a
self-supporting metal plate to a quartz-
supported metal film. In the latter
casc the metal becomes part of the
vibrating mass. For crystals oscillat-
ing in the thickness-shear inode, the
frequency is primarily dependent upon
the thickness of the oscillating body.
In the case of a plated crystal, the fre-

26 o

Figure 1

View showing upper section of gquartz-crystal
plating setups

quency is thus dependent upon the inass
of the metal as well as of the thickness
of the quartz. Tt is evident that the
unit may be brought to the required
frequency by adjustment of the film as
well as by reducing the thickness of
the quartz wafer.

Metal Films

Metal Glms are usually produced
from ingots by a rolling process and
are referred to as foils. Such foils are
applied to the faces of sowme piezoelec-
tric crystals to act as the electrodes.
There are some considerations which
limit the usefulness of this method. A
bond between metal and quartz must be
made with some sort of cement. There
is likely to be some damping of the
crystal oscillations because of the ad-
herence of the cement, which is usually
non-crystalline and viscous in nature,
and subject to non-uniform distribu-
tion. For this reason, and because of
the unstable nature of organic cements,
the method is not widely used.

Another way in which thin metal
films are formed is by electro-deposi-
tion from an electrotyte sofution. The
method requires a conducting cathode
upon which the metal is deposited.
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Thus, insofar as quartz surfaces are
concerned, the method is not applicable.
However, electrolytic plating is used
to increase the thickness of thin metal
films applied to quartz by other meth-
ods. This increase is desired both to
decrease the resistance of the film elec-
trode and to adjust the frequency of
the unit.

There is another method by which
thin films of metal are formed and
strongly bonded to non-metallic sur-
faces. This is the chemical reaction
method which is used to form the re-
flecting surfaces on glass for ordinary
mirrors. The process consists of re-
ducing a metal salt in a mixture of
solutions in which the surfaces under
consideration are immersed. As the
metal is precipitated from the mixture,
it deposits over all surfaces exposed to
the reacting solutions. In common
with some of the methods described,
this one requires that the surface to be
plated be free from oil, grease and wax.
If the surface is not scrupulously clean,
the adherence of the metal is not ade-
quate.

Firing-On Method

Of a different nature entirely is the
plating method called firing on. In
this, the metal is powdered and sus-
pended in a temporary organic liquid
binder. This mixture is applied to the
non-metallic surface and subsequently



An Analysis of Plating Methods . . . Cemented Foil, Film
Electro-Deposition, Mirror System, Firing, Metallizing,
Sputtering and a Silver-Plating Procedure Using Vacuum
Pumps Which Affords Control of Electrode Forming and

Adjustment of Frequency.

exposed to heat, first to bake the
sinder, then to burn it away. The
Jetal that has been deposited is fused
0 the surface by the melting of certain
compounds formed at the temperature
at which the process is carried out. In
some cases the compound to be melted
is present in the original suspension.
Alternately the metal, in the form of a
salt in solution, is applied to the sur-
face and heated to the point at which
the salt is decomposed. The result in
each case is a firmly adhering metal
film. This is the method used to form
decorative metallic finishes on china
and pottery, as well as in the metal-
liging process used as a basis for solder
seals between geramic and metal parts.
This process, used on quartz crystals,
is often the basis for subsequent elec-
troplating.

Sputtering

Another method of applying metal
films to surfdces is known as sputter-
ing. This consists of -placing the ob-
ject to be plated in the vicinity of a
piece of metal connected as the anode.
A cathode of the metal desired as the
film is placed nearby and both are en-
closed in a vessel from which the air
may be exhausted. A potential of sev-
eral thousand ¥olts is applied between
the electrodes. A vacuum is main-
tained at a value at which a luminous
discharge is produced with the passage
of direct current. Some of the cathode
metal is then deposited on the object
to be plated, as well as on the other
exposed surfaces in the vacuum cham-
ber.

The remaining principal process of
plating non-conductors is accomplished
by evaporating the metal. Subse-
quently the metal vapor, when it re-
solidifies, forms the desired film. All
metals can be boiled to produce metal
vapor, but the ones which form desir-
able films do so at high temperatures.
The return to the liquid or solid state
also takes place at inconveniently high

Some of the methods described here are
discussed 1t much  greater detail by
Strong, John and collaborators in Proced-
ures in Experimental Physics. New
York: Prentice Hall, Inc., 1942, Several
of the processes are probebly in commer-
cial use by crystal manufacturers.

temperatures. JFortunately these tem-
peratures are dépendent on the pres-
sure of the surrounding atmosphere.
By reducing this pressure, the boiling
point is lowered. Some metals evapo-
rate at usable rates below their melting
points in a vacuum.

All metal vapors obey the same laws
as other gases. One useful phenome-

"non is the increase of the distance

which a vapor molecule travels before
it collides with another molecule. This
distance, microscopic at atmospheric
pressure, becomes several inches in the
vacuum in which evaporation plating
takes place. Thus most metal mole-
cules, leaving the hot metal surface,
travel the distance to the surface to be
plated before suffering a disturbing
collision. When the metal molecule
strikes a relatively cool surface, it ad-
heres and may be regarded as part of a
solid metallic film,

This method is peculiarly important
because it is the only one which allows
the crystal to be oscillated freely in
conventional electronic circuits dur-
ing the plating process. Of course, a
preliminary metal film must be depos-
ited on each side of the crystal so that

Figure 2
Lower section of plating setup and vacuum puinps,

radio frequency voltage may be applied
to the faces to cause oscillation. There-
after, as plating proceeds, the changing
frequency may be observed with suit-
able equipment, The rate of frequency
change may be controlled and stopped
when a desired frequency is reached.
This enables an accurate, speedy and
automatic frequency adjustment to be
made, replacing the tedious present
methods where the frequency adjusting
process must be interrupted so that the

Figure'3
Closeup of plating heed, with becll jar removed,
and components of crystel holder.
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cry~tal may be oscillated between mas-
sive electrodes.

Experimental Method

In an expernnental study @ two-fold
techiique of forming the clectrode and
adjusting the frequency was rccently
evolved.  In this procedure, o vacuush
system was used. This consisted of a
3” x 57 jar having the shape of a hol-
tow cvlinder closed at one end by a
hemisphere: glass was approxtmately
i thick, The edge was ground Hat
and =mooth. It rested on a rubber gas-
ket on o baze plate of brass. The hase
plate, about 347 thick, carried the sup-
port= for the ceryvstal unit and the
sources of the metal vapor. These will
herealter be veferred to as Alaments,
for they were cleetrically heated wires.

Four electrical leads were provided
with gla~s heads which were seddad
arotid the wires,  Metal vims sealed
around the glass heads were soldered
mto holes in the base. A hole for
evacuating had a pipe soldered into it
wlhich Jed to the vacuum pumpmy
svstem. Tt had to be capable of pro-
ducing aud maintaining the requistie
low pressure. This pressure was of
the order of several thousandths of a
millineter of mercury, or Jess than one
hundred-thousandth of the atmospheric
pressure.

The fAlaments

were  clamped. by

spring binding posts, in @ unit which
held them in the proper position.  This
evaporator unit was fastened to the
base plate by a double plug and socket.
2\ shield surrounded the Alunent on
all but ane side to minimize plating the
inside o the bell jar.  The Glament
was shaped from a composite coil con-
sisting of o core of tungsten or molyh-
denum wire about 0.0127 - diumeter.
Around this was wound a 0.008” dian-
cter wire of the metal Lo be deposited
on the crystal; in this case, silver.
This silver wrap was nat close spaced
It the turps were separated by a wrap
of L0087 tungsten  or - molvbdenum
wire.  When the silver melted, large
globutes could not form because of the
remaining spiral of the high melting
point metal.  The small droplets which
resulted were bght enough to cling to
the  Dlament  while  evaporation  was
taling place.

The Glaments were heated clectri-
cally by weans of two of the insulated
leads and a0 common connection to the
hase plate. With a crvatal i place
hetween the two facing flament assen-
bhies, Doth stdes coulel he plated with-
out i change in position.

The eryvstal can be mounted oo the
hase portion of the holder wlich will
eventually enclose it. held by the ¢lips
thie will support it m use.  This bawe
i~ then plugged into a suitable socket
mounted on the hrass plate,  The clips
can be connected by means ol the ve-
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Figure 4
Experimental setup for sputtering quartz erystals.
In the large bell are seven wafers for processing.

maming  two  lead-ms to o suitable
useillator. ’

I oa clean bave ervstal is put inte the
clip~ wiul the silver deposited on the
clip and erystal, no comnection is ob-
taned hetween the elip and the metal
film on the crvstal face. This is he-
cause the clip casts a shadowe on the
crystal, in which no deposit is made.
The insulating region resulting pre-
vents contact and subsequent oseilli-
tion. To overcome this diffienlty the
crvstal can he moved in the clip aiter
some silver has been deposited on each
side, thus <hifting the elip to a region
already plated. This requires that the
vacuum he relecased and the jar re-
moved temporarily.  Vacuum must e
re-established before plating may be
resunied, to adjust the frequency.

The foregoing procedure may  be
ehmmated by coating that portion of
the orvstal that will be under the clip
with a conductive cement This com-
ststs of A suspension of silver powder
m a cellulose base cement. When it
has<dried, the clips are put on Fnough
or the cemented area extends hevond
the clips to make connection to the
tlm. as it 5 estahlished during evapo-

vation. The ervatal hegins v oscillare

(Cosdinned on paae 3.

Figure 5
Another view of the experimental setup with the
Lell jar removed to illustrate how salers are
mounted



® Ynput Impedance: 70 ohms.

? Output Impedance: 500 ohms,
center-tapped.

® Power. 110 V.A.C., 50-60 cy-
cles, GO watts.

® Qutput Power: Choice of 50
milliwatts or 1.25 watts.

® Sensitivity: 1 microvolt ar 2/1
SN ratio.

® Spurious Frequency Response:
80 D.B.

® AV.C.: 3 DB variation from 10
microvolts to 1.5 volts.
® Selectivity: 2X—2 Kc. wide.
10X —4 Kec. wide,
100X —7 Kc. wide.
1000X—11 Kc. wide

® Size: 3% H.x19" W.x 111" D.

Detailed information on vequest.

A new fixed frequency receiver to meet the present
and future requirements of aeronautical ground-air,
or point-to-point radio communications.

With increased traffic and new services taxing the
already over-crowded 2-20 Mc communication fre-
quencies, the Wilcox Electric Co. Type 255A Receiver
has been especially engineered to minimize adjacent
channel interference, and to maintain good intelligi-
bility on telephone reception.

The Type 255A occupies only 3! inches of rack
space, making it readily adaptable to the replacement
of existing receivers.

Use of miniature tubes permits the building of each
stage of the receiver complete within its own shield
can, which in turn, plugs into an octal tube socket
on the chassis.

Thus, each stage is instantly removable for main-
tenance, and may be checked in a test set similar to
those used for vacuum tubes. Maintenance may then be
accomplished on the bench, or a spare stage plugged
in, and the stage returned to a maintenance base.

)

WILCOX ELECTRIC
COMPANY, INC.

Manufacturers of Radio Equipnent

FOURTEENTH AND CHESTNUT
KANSAS CITY, MISSCURI
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A Report on the Sixth Annual Conference of

PREVENTIVE MAINTENANCE FOR
BROADCAST STATIONS

Charles Singer
WOR-WBAM

ITHOUT maintenance, the  best
station in the worid will soon be-
come a liability to its operators.

The radio station is peculiar among
husiiess enterprises in that the commodity
which it has to sell is thme, and once
time has heen lost, no amount of over-
time can retrieve it. The station operator
knows that the periodic dissassembly.
cleaning, lubrication and reassembly of
the radio station equipment is done for
a definite reason—to keep the radio sta-
tion” in working order—to minimize the
chances of its failing when the financial
consequences are great. The radio sta-
tion plant can serve its purpose only if
it is operating properly and can be de-
pended upon to provide continuous and
quality performance,

One of the most important factors in
insuring such service is preveutive main-
fenance.

Preventive maintenance may he defined
as a systematic series of operations, per-
formed periodically on the equipment.

To appreciate the meaning of the term
preventive maintenance, it is necessary to
distinguish between preventive inainten-
ance, and trouble shooting and repair.
The primary function of preventive main-
tenance is to prevent breakdown. to
avoid the necessity of repair. In sharp
contrast, the primary function of trouble
shooting and repair is to locate and cor-
rect existing defects.

Preventive maintenance procedures are
designed to: combat the ravages of
weather on the equipment; prevent the
detrimental effects of dirt. dust, and
moisture on the operation of the equip-
ment; keep the equipment in such con-
dition as to insure uninterrupted opera-
tion; keep the equipment in condition, so
that it will always operate at maximum
efficiency ; and prolong the useful life and

BROADCAST MAINTENANCE

assure the dependability of the equipment.

In applying a preventive maintenance
program, three major technical opera-
tions groups must be included . . . trans-
mitter division, studio technical facilities
division, and field engineering division.

The transmitting plant is  usually
located at some distance from the studios,
This is necessary in the case of high-
powered a-m stations to provide land for
a suitable radiating system and to suf-
ficiently remove the transmitter from the
population center so as not to encompass
too great a population within its blanket-
ing signal contours.

A typical a-m transmitter plant consists
of a regular transmitter and sometimes
an auxiliary transmitter for emergencies,
power switch room, transformer vault,
generators for supplying special power
needs, gasoline engine generator for emer-
gency power, puinp room for circulating
cooling water, an audio facilities control
room for combining the modulating in-
telligence with the carrier, and many
other associated equipment.

In sharp contrast, the f-m transmitter.
because of different propagation charac-
teristics at the higher f{requencies, is
located in the heart of the pepulation
center, preferably at the top of a high

This, the first broadcast engineering
conference since 1942, was held at
Campbell Hall on the campus of Ohio
State University, Calumbus, Ohio. Over
450 attended. Next year, the confer-
ence is scheduled to be held in Urbana,
lilinois, on the grounds of the University
of lllinois, where Dr. W, L. Everits, di-
rector of the conference, is now head of
the electrical engineering departiment.
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(Singer Paper)
Remote-contrel-equipment repair room at WOR,
where tubes and components are tosted,

building if the use of tall antenna support-
ing structures is to be avoided The
area of coverage is also sharply limited
by the FCC, a factor which contributes
to the reduced power rating of some f-m
transmitters. It is therefore apparent that
the f-m equipment facilities are not by
nature as extensive as those for an a-m
transmitter, but no less elaborate.

The studio plant is generally located in
the heart of the metropolitan area which
it serves, Primarily, this is for the con-
venience of the artists, performers and
business people swho deal with the radio
station. Typical studio eguipment for
both a-m and f-m comsists of an appro-
priate speech input console, and a small
power room for each group of studios
supplying power requirements, various
amplifiers and cross connections to master
control. In addition to the live talent
studios, there are usually ome or more
electrical-transcription studios where an
entire program or a large percentage of
the program is produced and put on in
the control room by the control room
engineer. Of course, no station is com-
plete without its master control room,
the central coordinating point for the
entire station. .

The field engineering division provides
the facilities for picking up programs
which originate outside of the studio
proper. The usual field pick ups are
vonveniently taken care of by the equip-
ment which is a part of the standard
field cabinei.

There are seven basic preventive
mmaintenance operations: (1) feel; (2) in-
spect; (3) tighten; (4) clean; (5) ad-
just; (6) lubricate; and (7) measure.

Preventive maintenance techniques may
be applied to tubes and sockets, capaci-
tors, resistors, fuses and mountings, in-
sulators, relays, switches, motors and
generators, transformers and reactors,
transmission line, rheostats and potentio-
meters, terminal boards, cables and con-
nectors, safety wires, chassis and mount-
ings, covers and containers, meters, pilot
lights and jacks.

A number of items in the preventive
maintenance schedule requirt work of a
special and somewhat delicate nature.
These include cleaning and smocothing
of relay contacts, cleamng and polishing
commutator and collector rings, check-
ing brush spring tension, ruvmoving
brushes, springs, etc. To do the work
properly. spectal supplies and a few spe-
cially constructed tools are necded.

Most of the required materials wiil be
found around the shop. but a few must
he improvised. Supplies and tools re-
quired, include: carbon tetrachloride,
soddard solvent: lint-frec cloths: sheets
of crocus cloth: sheets of No. 0000 <and-

Members of the round tuble and question-boax

session, left to right: Daniel W. Gellerup, How-

ard Frazier, John Willoughby, E. W. Allen, and
K. Morris Pierce.



BROADCAST ENGINEERS

paper ; sheets of No. 000 sandpaper; relay
contact burnishing tool; non-magnifying
iental mirror; 1° cleaning brush (camels
hair) ; 2" cleaning brush (camels bair};
canvas cloth; tube of household cement;
small fine cut fite; walscolube or vase-
line; small pocket knife; airblower; and
vactum cleaner,

Records also play an important role
in preventive maintenance. Such records
should include data on avoiding trouble;
cures; corrections made to equipment;
means used to achieve cures, equipment
or components used, etc.

An appropriate preventive maintenance
program will minimize operating costs
and provide a worthy on-the-air record.
(In view of the smterest in preventive main-
semance, COMMUNICATIONY has arranged to pub-
lish My, Singer's complete analysis, The data

will be presented inm several installments, the
first to appear in June.)

RECORDING

MAGNETIC RECORDING

Dr. S. J. Begun
Brush Development Company

LMOST a half-century ago attempts
A were made to market magnetic-
recording equipment. However, the
response was poor and it wasn't until
1938 that commercial magnetic recording
became substantially successful.

Wartime technological developments
improved its commercial potentialities,
providing many valuable features which
were lacking in earlier equipments,

The magnetic recorder of 1938, such
as the Soundmirror, used a tungsten
steel tape which required a speed of more
than 3’ per second to cover a irequency
range from about 100 to 4500 cps. Tung-
sten steel was used in preference to
carbon steel since its magnetic properties
were slightly better and its corrosion
resistance somewhat higher. These tapes
were imported from Sweden and it soon
became apparent that war conditions
would dry up the source. Bell Telephone
Laboratories and Western Electric had
developed a material, Ficalpy, substan-
tiallly better than tungsten or carbon
steel. However, its manufacture in the
considerable quantities required for mili-
tary use offered difficulties.

Certain stainless steels after appropriate
heat treatment were found to be satis-
factory, Thus wire and tape, in .004"
and 006" thickness, were made.

Studies of the system indicated that
slow speed operation would provide bet-
ter recordings. However, the steel wire
did not appear to lend itself to this ap-
proach. Therefore the National Defense
Research Committee initiated a program
to develop a magnetic recording material

(Begun Paper}
Unequalized jrequency response of different sig-
nal carriers with: (a) Magnetic-coated paper;
zb) Brush type wire; (¢) Stainless steel wire;
d) Carbon steel wire. Carrier velocity, 2° per
second, Levels adjusted to equality at 100 cps.

Highlights of Discussions by Singer; Morrical; Begun;
Roys; Kandoian; Holtz; Scheldorf; Smith; Helt -and
Summerhayes, Jr.

by LEWIS WINNER

Editor

~which would be superior to the stainless

steel materials.

A high coercive force of the magnetic
recording material is a prerequisite for
satisfactory low speed operation, It is,
however, very difficult to obtain a wire
or tape from a material with a high
coercive force since most commercially
available high coercive force materials
are brittle; they can be cast or sintered
and shaped by grinding, but it is certainly
not easy to draw or roll them. It became
apparent that an entirely different ap-
proach to the problem had to be found.
Two methods seemed to be most promis-
ing:
(1) The plating of a magnetic alloy
on a ductile nonmagnetic metal base,

(2) Suspending magnetic particles in
a coating applied to a non-metallic base or
dispersing the particles in the base itself.

Both of these methods avoided draw-
ing or rolling of the hard non-ductile
magnetic alloys. Recording materials
can be provided with a thin magnetic
layer.

A thin magnetic layer improved the h-f
response since the spread of the record-
ing flux within the material is reduced.
While it is difficult and expensive to

manufacture a solid wire with a diameter
smaller than 0.004”, or a solid tape
thinner than 0.002”, it has been found
relatively easy to obtain a thin. layer of
magnetic material by depositing such
material on a non-magnetic base.

When this program was started, rela-
tively little was known ‘about the mag-
netic properties of plated ferro-magnetic
materiats or alloys. It was found that
the plating process can be made to im-
part internal strains to the crystalline
structure which increases, in many cases,
the coercive force in ferro-magnetic
materials.

Finally evolved was a -process of plat-
ing a nickel-cobalt alloy with high cor-
rosion resistance having a coercive force
in the order of 200 oersteds or more, and
having a remanence in the order of 8,500
gauss.

The stainless steel recording material
has a coercive force in the order of 60
to 70 oersteds and a remanence of about
7,000 gauss.

Oneof the problems in magnetic record-
ing is to obtain for the low irequencies,
an output voltage which is at least 30 to
40 db above the voltage which might be
generated in the magnetic head due, to

.\.E
5
a

L
=

Fic
L'
=

=

]

i

1000

FREQUENGY CPS L

COMMUNICATIONS FOR APRIL 1946 + 31



Ta the Publisher of
COMMUNICATIONS
52 Vanderbilt Ave,, New York 17, N. Y.

Please enter annual subscriptions (12 issues) for each
of the undersigned for which payment is enclosed at
the rate of $1.00 each. (This rate applies only on 4
or more subscriptions when classifications are given.)

City-State ....... .. ... e e
Qceupation . ....... ... ... oo .
Emploved by. .. ... ... . . ...
Nature of Business

(State It Manufacturer, Broadeast Statlon, ote.)
Product . .... e T

City-State .. ..
Qceoupation . ... ... ...
Employed by ... . .. ... ... ... ..
Nature of Business .. e

{Btate it Manufnct:urer Broadeast smlolu sto. )
Product ... ... .. ... ... ... .. ... .. ..

Address . ... . .
City-State ... .. .. o
Qecoupatior . ... ... ...
Employed by .. ... . .. . ... ... ...
Nature of Business .. ... . . ..

{Btate It Mu‘luflcturev Brudml smlon, ote.)
Product = ... ... .. ... .. . ..

Gity-State .. .. ..
Ocecupation .. .. ... ..
Bmployed by. .. ... .. .. ... ... .

Nature of Business .
(State If Ilanufacturor Broadeast Statlen, ut:)

Product

32 * COMMUNICATIONS FOR APRIL 1948

i

il

you only $1.00
for the next 12 issues

@ A subscription to COMMUNICATIONS will. provide

timely and authoritative articles of decided importance
to every engineer and executive in radio, broadcasting,
television, facsimile, sound recording and projection, aero-
nautical, police, railroad, marine and emergency com-

munications.

Leading design, manufacturing and operations engineers
keep posted on all new developments in this fast-moving
industry by reading COMMUNICATIONS every month,
It has helped them. 1t can help you.

You and your associates can obtain a year's subseription to
COMMUNICATIONS (12 issues) for only $1.00 each by
using the Group Subscription Plan. Here's how:

A regular yearly subscription o COMMUNICATIONS costs
$2.00—but, when four or more men sign up at one time,
each one is entitled to the half-price rate. (Foreign sub-

scribers only pay $2.00 each.)

It is easy to get three or more of your associates to sub-
scribe with you. Thousands of leading engineers and execu-
tives have subscribed year after year on that basis. Use
the convenient form on this page. Fill in the names, tear out
and mail today with your check or money-order. Renewsls

and extensions are acceptable also.

COMMUNlCATloNs ® 52 Vanderbilt Ave., New York 17, N. Y.



unavoidable spurious leakage fields, such
as those generated by the drive motor.
While it is possible, within reasonable
limits, to control the output voltage from
the reproducing head, by providing more
turns on the head, or by the use of a suit-
able transformer the signal-to-noise ratio
depends upon the magnetic energy stored
in the recording medium, and upon the
shielding of the magnetic head, and if a
transformer is used, upon magnetic
shielding of the transformer. A plating
thickness of about 0.003"" was found to
give the best overall results.

Coated non-magnetic bases can also be
used as a magnetic recording medium.
The idea of applying a suspension of
small particles of permanent magnetic
materials in a bonding medium to a non-
magnetic base was first suggested in
1928 by DPfleumer in Germany. The
A.E.G. in Germany developed a dictating
machine in 1934 which used a tape coated
with a magnetic powder. An A.E.G.
recorder of the 1939 vintage, using such
tape, operated with a velocity in the order
of 3 feet per second. The signal-to-noise
ratio was at best not much more than
20 db.

We began the study of this type tape
in 1939, The pace of progress was ac-
celerated by military reguirements.

The problem was to find a powder of
small particle size with suitable magnetic
characteristics, Because of the metal-
lurgical aspects Baitelle Memorial In-
stitute was asked to cooperate.

It was soon recognized that for best
performance, the particle size should be
kept in the order of one micron or less,
and that the particle size should be uni-
form. A magnetic powder was found to
meet all of these requirements.

{Roys Paper)
Disk cutting force equipment.

Tapes have been manufactured on 2
plastic as well as a paper base.

The outstanding advantage of this
medium is the low cost of manufacture
for a given recording time and a specified
frequency band. The cross section of the
tape lhas to be large enough so that the
low specific breaking strength of the bhase
material does not interfere with the
mechanical operation of the drive mech-
anism. To obtain sufficient mechanical
strength, a tape with a width of ¥4’ has
been selected. This tape breaks when
subjected to longitudinal force exceeding
6 pounds.

The coated type magnetic recording
medium is particularly suitable for muiti-
track recording. The distance bhetween
two adjacent tracks depends upon the
permissible cross-talle ratio and upon the
frequency band which has to be covered.

Since the coated recording medium
provides sufficient definition for signals
with shorter wavelengths than any other
material yet found, a wider frequency
spectrum can be reproduced for the same
spacing of recording tracks than was
heretofore possible, The fact that closely
spaced sound tracks can be used makes it
possible to design equipment in which a
considerable amount of recording time is
crowded into a small volume or into
limited surface area of the recording

mediumnt.
®

TOOLS FOR THE STUDY OF DiSK
RECORDING PERFORMANCE

H. E. Roys
R.C.A. Victor

ITHIN the past ten years, a new
recording medium, of a cellulose
nitrate base, Jacquer, has been de-
veloped. This medium is much harder
than the wax compound used for com-

—O 3 000

(Brush Paper)

Wire recorder using differential drive unit.

(Brush Paper)
Home-type magnetic reeorder using coated paper.

mercial disk recording, so that immediate
playback of the recorded disk without
appreciable impairment in quality is possi-
ble. The lacquer disk has the advantage in
that it can also be processed, in a manner
similar to the wax blank, so that press-
ings can be produced for commercial ap-
plicatiomn.

The increased hardness of the lacquer
nedium over the wax, however, imposes
an additional load on the recording head
and turntable driving system. Other dif-
ferences exist, and new equipment has
been developed to study the lacquer per-
formance characteristics and determine
the requirements of the equipment.

In the design of disk recording equip-
ment, it ‘is helpful to know what forces
are attained during cutting, and the varia-
tion in these forces due to variations in
hardness of the medium, or due to
bounce (bounce is a form of instability
in the action of the recording head while
cutting). It was believed that measure-
ments of the forces existing on the tip
of the stylus while it is cutting a blank
groove would suffice, and that any addi-
tional load due to modulation would not
be appreciable. Therefore, a simple device
was constructed to permit such a mea-
surement. The pole piece and armature
assembly of a recording head was used
with its axis of rotation at right angles
to its normal position. This permitted
movement of the armature in a direction
tangent to the groove. The stylus, of
course, was not rotated. Thereiore the
cutting surface remained in its normal
plane.” In operation, a force on the stylus
tip deflects the armature by an amount
depending upon the stiffness of the center-

(Roys Paper)
Comparison of measured and calculated results
of intermodulation distortion tests with pickups
of different tip radil.

INPUT
.

AUMILARY COUPLER
WITH PHASE AND
AMPLITUDE CONTROL

-+ ———

AMPLIFIER
RECTIFIER
ANO FILTER

OPTICAL
GALVANOMETER

AND

1

PER CENT

A——CALCULATED, A’ MEASURED 2.8 MIL TIP

B— CALCULATED, B'=+—xMEASURED 23MILTIP
G ——GALCULATED, C'3--xMEASURED L2MILTIP

|

s
g
&
[=]
5
=
3
3
[}
z
B
z

43
N

o

20 30 40 30
GROOVE VELOCITY INCHES PER SECOND

COMMUNICATIONS FOR APRIL 1946 o 33



PR RSN e e R

34

oiage Sicbitzers

DELIVER OUTPUT VOLTAGE CONSTANT T0 * %%

Ry

FLuctuaTioN of line voltage need not impair the
performance of your electrical equipment. Such vari-
ations are easily corrected with magnetic-type, en-
tirely automatic Raytheon Voltage Stabilizers.
Positive control is gained. Power supply is stabi-
lized to =14%. Reliability and accuracy of perform-
ance are effectively improved, and at low cost.
Investigate. Determine how positive control of
line voltage can benefit your equipment. Qur Bulletin
DL-48-537 gives the detailed story. Write for it today.

RAYTHEON MANUFACTURING COMPANY
Industrial Electronics Division, Waltham 54, Mass.
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CASED MODEL

Get These Principal
Operating Advantages:
Control of output voltage to
within =12% of 115 or 230 V.
Stabilization at any load with-
in rated capacities.

Quick response. Stabilizes
varying input voltage within
1/20 second.

Entirely automatic. No adjust-
ments. No moving parts. No
maintenance.

Excellence in Edectronics
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{Morrical Paper)
Polar distribution characteristice of reflected
wave lfor convex and flat panels.

ing spring; in this application this de-
flection is measured by electrical means.

Measurements were made of the
horizontal force at the stylus tip, while
it was cutting a groove of normal depth
at different groove velocities; that is, at
different record diameters and speeds.
These measurements were started on the
outside of a 16-inch diameter instan-
taneous playback record blank, and short
bands were cut at 78 rpm and 3333 rpm.

Measurements also covered the cutting
force required for different groove depths.
Both steel and sapphire stylii were used.

Recording heads of the rochelle salt
and electromagnetic type were also tested.
"The tests disclosed that:

(1) The horizontal {oree existing on the stylus
tip while cutting an unmedulated groove of
constant - depth is independent , of .groove
velocity. . :

(?) When operating without the aid of an
advanee ball, the cutting force tends to remain
constant regardless of any hard spats or disk
warpage encountered. Constant cutting forcc
imposes an even load on the motor and there-
fora helps to maintain eonstant turntable, speed.

(3) The inertia of the recording turntable
should be sufficient ta overcome changes in
turntable speed that are due to variations in
cutting force because of cutter bounce, Cutting
load variations not due to bounee (but due to
hard spots and uneven surfaces encountered
when using an advance ball), usually occur at
such a low rate that turntable inertia has little
filtering value. If an advance ball is used, the
recommended adjustment is to have the ball
barely tomeh ‘the scurfaee of the disk while
reeording. Hard spots will then raise the cutter,
tending to equalize the cutting load, and there-
fore help to maintain constant turntable load
and speed.

(4) The lateral load imposed upon the cutting

{Morrical Paper)
RCA ‘disk recording studio with polyeylindrical
wall surfaces.

tip while recording on lacquer disks may be of
sufficient magnitude to be taken into account
during calibration. The load loss depends upon
the mechanical impedance of the cutter, and
the width of the burnishing edge on the cutting
stylus, It will vary with frequency and will be
greatest wherc the mechanical impedance is the
lowest,

(5) The intermodulation method of distortion
testing appears to offer many advantages in
the study of distortion of disk recording and
reproducing equipment. Judging by listening
tests, it provides a means of measuring distor-

tion that is ohnoxious to the ear, but diffieult-

to evaluate by the single-frequency harmonic
method.

(6) Reproducing tips which have been worn
and are no longcr spherical can be detected
by the intermodulation distortion method. Dis-
tortion rcsulting from the use of such tips
can be measured. Thc method permits a study
of the distortion introduced by processing.

STUDIO DESIGN

IRREGULAR ROOM SURFACES
IN STUDIOS

Keron C. Morrical
R.C.A. Victor

HE uniformity of sound within the
studio must always depend upon
smoothness with which additional
reflective components are added to the
aggregate sound energy, which in turn

must depend upon the placement, con--

figuration or contour, and scund absorp-
tion of the room boundaries. This is
where classical theory gives, way to the
modern, and wave acoustics must take
over because of the particular relation
that the dimensions of the room bear to
-the wavelength of sound.

Considered as a vibrating system, a
room or studio can be studied or analyzed
in terms of its normal modes of vibration,

) 456789 F
0,000 100,000

VOLUME IN CUBIC FEET

{Morrical Paper)

Preferred room dimensions based on %/ 2 ratio,
permisible deviation 4+ 5%. Volume in cuhie
feet: small rooms—H :W:L =1:1.25:1.6=E:D:C;
average shape rooms—EH :W:L—1:1.6:2. :D:B;
low eceiling rooms—H:W:L==1:2.5: 'B;
long rooms—H:W:I.=1:1.25:3.2=F:

«

each of which is associated with a normal
frequency, . and each of which possesses
a space pattern or standing wave. In
other words, a room is not merely an
enclosure which receives sound energy
and contains it until it is dissipated, but
is rather a musical instrument which is
excited to one or more of its normal
modes by the introduction of energy.
The vibrating room has normal fre-
quencies, called eigentons, which are very
close together, or even coincident, by
virtue of the dimensions of the room.
The transient behavior of a room, when
the sound is decaying after the source
has been cut off, prompts many problems.
The assumption of geometrical acoustics
that the sound in the room acts as a mass
and thus decays logarithmically as a
simple oscillator is no longer valid. In-
stead, for wave acoustics, we must con-
sider that at the moment the source is
stopped there is a particular quantity of
energy in the room and that the room
is now mo longer driven at a particular
frequency but instead lapses into one or
more, usually many, of the eigentons
lying near the driving frequency. .
The wave patterns associated with
these various eigentons in general have
different decay rates and therefore the
composite decay curve, on a logarithmic
scale, will not be straight but instead
will drop off rapidly at first as those

(Morrical Paper)
Review room of the photographic science labora.
tory at the Naval Air Station, Anacostia, D. C.,
using polyeylindrical surfaces.
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patterns havig high decay rates disap-
pear, and then more slowly as control is
left to patterns having lower decay rates

A means of obtaming sound dJillusion
must be provided by roughening the sui-
faces, but it is not as sunple as obtaining
optical diffusion because of the old ques-
tion of the relation of wave-length to
room dimensions. Diffusion and disper-
stont of high {requencies is readily accom-
plished by small surface irregularitics.
provided they are well distributed over
the boundaries of the studio, To obtain
this condition for the middle register o
treguencics requires much larger irreg-
ularities whose size is commensurate with
the  wave-length The low  frequencics
provide the greatest problem hecause the
siz of the boundary irregularities 1s
limited by the physical conditions of the
studio.

Serrated. or saw-tooth, ~urface are one
means of breaking up large expanses of
area .\ reasonable size ol section as well
as a reasonable amount of depth wust
be dictated by the size of the studio, the
purpose for which the studio is to be
used, and the lowest [requency ol inter-
est,

In one installation. the size or the ser-
ration varied {rom about 1Y to 4.
Depth of the serration was of the order
of 1% The studio was constructed ha
setting 2 x 4 studs to give the desired
contour, placing the computed avea of 2”
rockwool blanket in the desired space.
and then facing over the remainder ot
the area.

Caurved panel dilfusers were used m
other instaltations. The first experimental
pancls were designed entirely on a basis
of case of fabrication by iunexperiences!
mechanice from materials  available in
any  tumber vard,  Quacter-inch  thick
plywood, 4 wide and & long. was sclected
us the skin of the diffuser which was to
be cireudar in shape, This skin wasg to be

. (Selwidorf{ Puperi
Single bav circular antenna.

v
/ TERMINALS
ADJUSTABL |
LapaCIToR
CLAWPING PLATE

RADIATING
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supported an a numbcer ol segments wlhich
were to be randomly spaced to avoid
sclective absorption effects. The use of
a depth of 11127 for these segnunts per-
niitted the use of standacd 127 Tumber
and yet provided irregularities efective
down to an octave or more below 1000
cps for which this depth corresponded ta
a wave-length. These dimensions cor-
respond o a radius of curvature o1 227
for the skin and an overall width «f 30
for the panel.

Panels  simifar in construction  wer
used In modernizing an NBC studio in
New Yorh, In building this room 1o (i
cube root of two critevion for dimensions
the cetling height of the old studio was
the governing dimension, This heing 15
3", the resulting Hoor size wias 427 Jone
by 27" 10" wide [or the average room.
With the exception of the floor, only two
materials were used for the studio sur-
faces: the curved plywood panels and
47 thick rock-wool bats covered with
colored burlap,

The axes of the cylinders wore mutu-
ally  perpendicular  for pairs of walle
Thiz arrangement was not a live end—
dead end affair. but rather what can by
called a tapered studio. The design poim
for reverberation  timie was  somewhat
higher than the usually accepted values
iov studio purposes on the theory that
the greater diffusion and conscquent mare
miiform distribution  of  sound  cnergy
would result in a smoother decay curve
that would pernit a longer time.

A very satisfactory panel was built
with 4 x 8 plvwood formed over eurved
segmient braces and fitted at the edges
with 27 x 3" strips which had heen routed
and held together with 17 x 37 back
hraces, The segment braces, spaced  at
random, had strips of 27 fiber-board
placed between them and  the panel 1o
prevent ritthng.

Note: Replics to a0 series of irjdeal queries
poused during  develapmental seaxions were a1
fered by Mre. Morrical. These mquestions eovered
reverlwration, lclevisim studio design, jn<astad -
i doors, ele.

A everberation pnestiog involved  the re-
verberution censtant o broadeast ~tudios aed
the ceverberution (ime versus {requency,

Aceording  to Mro Morvieal The  presam
practice which we  bhave been following  has
heen 1o use e accepred  times  published by
Morris and Nixen  in e ease ol speech
amd mualtiplying  these times by o facun of
1.3 in the case of music pick-up. The presenc
mend s toward  using a veverberation time
versus frequency which s reasonably Aqxt for
sntadl studios especially i they are to he sed
for speech and with a slight rising characteristic
at the low cud Jor larger studios which arc
to be used for music. This latter ¢haracteristic
Awlishes the shape used by MacNair since the
seceptable reverberaliom Line for music is &0
much  greater than for <peech.  The practice
of using  adinstdble  attenuntors is o growing.
The meaus of obtanmg  this adjustable ah-
orbant is cither by heavily folded drapes or
veversible  puoiels which have rock  wonl  ar
orhier alisorption  (remment on one side el
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At v-hef antenna coupling-crceutt sympostum 3es-

sion, lelt to right: M. W. Scheldorl, George

Sinclair, P H Smith, A. G. Kandeiun and
R. F. Holtz.

conves plywomi panels on the opposie side,

The television query concerned the :ulLl:.uonal
constderians neces<siry in television studio de-
st Uhite are wot present ay conventonal sl
~tuchio design

Mr. Morricn! smad. U Television studio design
should inelude von-ideration of roek wool trear
ment on all walls and ceiling simibar to the
practice whieh has been used on sound movic
~tages n Hellvwood during  the past 13 or
20 years. Ul acceptance veguived 1o .o
practical ~ceno which is beong revised should
he built mro the “wet” rather than in the <tdio
isekf

ANTENNAS

CIRCULAR ANTENNAS

M. W. Scheldort
General Electric

ized antennas  cmploying  concen-
trated current - carrying  surfaees
have  without exception used push-pull
mput terminals.  Often the need fur a
double transumssion line has been over-
come by the use of a single coaxial line
and a ling balance converter or balin wowd.
ILn reception, the need for simplicity and
low cost however has somcetimes resulted
in the use of a coaxial line without the
balun unit.  Theorctically this is far from
desirable because ob curvents that result-
on the outside of thix ceaxial hine due to
the impedance mbalance at the terminal
el
A investigation was made to determine
the effect of the use of a horizontally-
polarized hall-wave dipole at the end of a
vertical coaxial line with and without the
balun unit in this manner. Numerous
tests were performied. While the condi-
tion without the balun showed a consistent
cross-polarization component, there was
also a similar consistent component when
the balun was used. On the average there
was not enough difference to warrant the
expense of a halun unit.  Consequently we
believe  that  single-ended  transmission
Hines should he used with half-wave an-
tennas for reception.
Baluns and their application to f-m
broadcasting antennas were also studied.
Measurements made on the eircular an-

COM;\ULI{(_I.\L horizoutally - polar-

. (Scheldorf Paper)
Guain characteristies for moltiple bavs of circular
antenna,
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@ Clare puts the designer in the driv-
er’s seat. Clare Relays permit a flexi-
bility of plan unheard of with ordinary
relays.

The secret? There isn’t any. It’s just
that Clare “custom-building” makes it
possible for you . . . with the utmost
economy . . . to have a relay exactly
suited to your specific requirements.

Clare doesn’t design and manufacture
a new relay for you from the ground
up. There would be no economy for
you in that, Clare “custom-building”
selects the proper combination of Clare
features for the job and includes them
in a standard basic frame that is ideal
for the requirement at hand.

Clare “custom-building” is a method
of construction. It permits a widerange
of contact ratings . . . five different con-
tact forms or any combination of them
...either flat or hemispherical contacts
which may be of rare metals or special

* ¥Whui Do You Want in a Relay?..*
*; CLARE Will "Custom-Build” It

alloys . . . coil windings to match the
circuit and application.

Clare Relays are built for applications
where precise performance, long life
and dependability are prime requisites.
Thousands of users attest to the value
of Clare Relays and the Clare “custom-
built” principle.

To “custom-build” a relay for you
Clare engineers must know all the facts
surrounding the requirements. Clare
has sales engineers in all principal
cities to show you how Clare ' Custom-
Built” Multiple Contact Relays are the
effective answer to modern design
problems.

Send for the new Clare Engineering
Data Book with its full information on
the full line of Clare Relays and allied
control apparatus. Address: C. P. Clare
& Company, 4719 West Sunayside
Avenue, Chicago 30, Illinois. Cable
address: CLARELAY.

CLARE RELAYS

“*Custom-Built” Multiple Conlact Relays for Electrical and Industrial Use

¥y

X

Contacts are welded to nickel silver springs
by a special process. Moy be of precious
metals or alloys in 12 different standord or
special types and sizes.

Coil core of a.c. relays is of thin laming-
tions of silicon steel, riveted together. This
reduces hysteresis and eddy current losses,
gives large amount of power with small
heot losses.

High voltage spring pile-up insulatars of
special heaf-treated Bakelite. Have mini-
mum cold flow properties, low moisture
absorption content. Permit punching with-
out cracks or checks.

Double arm armature ossembly with stain-
less steel shaft, aperating in o marine brass
yoke. Heelpiece, core and armature assem-
bly of magnetic metal.

N



SMPEDANCE = 72.8 OHMS
LINES ARE €1.5 OHMS

tenna without the balun showed that there
is no practical need for including it in the
system. Impedance measurements on a
representative antenna, with and without
a balun indicated an equality of the curves
sufficient to remove any doubt about really
serious current unbalance and associated
impedance change. One set of measure-
ments were made with both input arms of
the antenna free from ground and with
the slotted section provided with a balun
unit so as to excite the antenna properly
in a pushpull fashion; another with one
input arin of the antenna grounded and
with no balun unit associated with the
slotted section.

Horizontal pattern measurements
showed no evidence of redistribution of
the currents in the important radiating
elements,

The horizontally-polarized antenna used
consisted essentially of a folded dipole
with the radiating elements bent to form a

38 o

PUSHPULL INPUT
la)

{Scheldorf Paper)
Circular antenna patterns: (a} push-pull input;
(b) single-ended input.

Interconnection disgram illustrating how it is
possible to connect up an entire system of eircu-
lar antennps without balun urits,

circular shape and having the extreme
ends connected by means of an adjustable
capacitor. The double current path serves
two purposes. First, it permits a trans-
formation of the radiation resistance to a
terminal resistance wvalue which has a
magnitude of the general order of the
nominal surge impedanee of coaxial trans-
mission lines used to feed antennas. Sec-
ond, it permits direct mounting of the
radiating system at a -point of ground
potential so that disturbing capacity ef-
fects which normally accompany insulated
mountings are climinated and protection
against lightning is secured.

The adjustable capacitor permits tuning
of the electrical circuit to resonance at the
chosen frequency of operation.

The antenna unit will handle a maxi-
mum power input of 12.5 kw, when prop-
erly tuned.

When it becomes desirable to have a

greater Reld strength in the horizontal
plane, for a given power input, these

{Kandoian Paper)
Coaxtal fed type loop. High or low power is
possiblo with tiers nf this type.

(Keandnian Paper)
Measured horizontal pattern of square loop f-m
antenna,

SINGLE-ENDED 1MPUT
)

single-bay antenna units may be stacked
vertically, spaced at a distance of one
wavelength (which is desirable from a
feeding standpoint due to phase relation-
ships),

°

F-M BROADCAST LOOPS

A. G. Kandolan
Federal Telecommunication Labs

HEORETICAL studies and practi-

cal applications have indicated that

coaxially-fed horizontal loops are
ideally suited for f-m broadcasting.

Early studies and tests indicated that
the loop had one disadvantage; the loop
is essentially a balanced system and re-
quires a balanced transmission line,
prompting balancing problems.

We thus studied the possibility of loop
antennas using only coaxial lines. Ex-
perimeuts disclosed that such an antenna
design' was entirely practical and effective.

We chose a square-type loop, since it
seemed to be the most economical from
an experitnental and manufacturing view.
A 4-element loop was selected in place of
the one-two or three type, since it pro-
vided for a suitable supporting structure.
Design of the loop also provides for a
large inside area to allow for rigid struc-
tures (2x2). This is particularly impor-
tant when eight or twelve loops are used.

Inherently the mutual jmpedance be-
tween loops stacked wvertically is low
enough to be negligible when the separa-
tion 1s near one wavelength. Thus when
the feeders of a pair of loops are tied to-
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Hotel Stevens

CHICAGO, ILL.
Headquarters for
Radio Parts Notional Trade Show

May 13, 14, 15 and 16

THE

" graph Pickups and Cariridges

... including many new and _
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CONNEAUT, OHIO

In Canada: Canadlan Astatic, Lt
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{Kandoian Paper)
Gain of linear array of
foops, vertically stacked.
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getiier the net resulting impedance 1s one-
frali that looking into ove loop.

hus any - number of loops may be
stacked to eive a destrable amount of
power gam., Y sixteen-bay stack with a
power gain of approximately 20 appears
entirely feasible, assuniing the height ol
the supporting structurc 1« sufficient.

Two alternatives are available for an
vight-lyoop array. I desired, two sepu-
rate coaxial lines may be used to feed
cach stack of four loops. In case of dani-
age or breakdown i one portion of the
antenna system, it woeuld allow the {ull
use of hall of the array.

lFor a sixteen-bay system, two stacks
nl a pair of eight-loops may be used.

Stacks may be added without changing
radiation characteristics of loop.

Anmy staidard size coaxial feeder calle
cin be used with the system.

During the war the use of solid dielec-
trics was advanced. since it minimized
maintenance. As a result solid dielectric,
such as polvethylene cable was applicd
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to antennas.  The same practice has been
applied 10 this antenma The only limit-
g factor i~ the power, because of the
copper loss  These restrictions thus limit
the power to 3 kw per loop. However
large cables with lower copper losses aru
now being developed and it may soon be
possible to have higher power outputs.

TFundamentally tins loop 1s of the type orig-
mally developed and bwlt for aerial navigation
and for localizer. glide puh, radio ranges buck
o 1939, Theoretical work on this tvpe of an-
tenna has Dbeen done by Alford, Foster and
others.  Practical application of this type of
antenna f-m broadcast was described by Hamp-
shire of Tederal at the TRE meeting in Detroit
in 1940, and later by Scheldorf of General Elec
tric

The loop design provides for the use of anv
numher of radiating elements. The shape of
the loop and the cross-section of the radiator
can be round, square, rectangular. triangular.
¢te., without modifying the essential hebavior
of the loop. And the lines coupling the main
feeder to the radiating members may be used
as a matching device to obtain any desired in-
put impedance. In nddition since the mechan-
ical supports are all metallic, they can be madc
#5 large and strong as required without affect
ing the radiating properties of the antenna.

SUPER TURNSTILE ANTENNA

R. F. Holtx
R. C. A. Victor

HIS antenna is essentially a turn-

stile type with current sheet radia-

tors uscd in place of the standard
cylindrical turnstile radiators.  These
current shect radiators are not solid sheets
of metal but tubing frame works. This
design aids in reducing the wind resis-
tance.

The main advantage of such radiators
is that they increase the bandwidth of the
antenna to more than adequately cover the
entire f-m band, with no field adjustments,
The current-sheets arc attached to the
pole (ground) at top and bottom and are
spaced one wavelength between centers in
the case of multi-scction units. The trans-

) (Holtz Paper)
Plot of conxial linc efficiency of turnstile antenna.

946

{Holtz Paper)
Super turnstile antenna.

mission Hoe outer conductor is attached to
one current-sheet, with the inner conduc-
wr connected to the pole at feed points.

The r-f currents on the radial members
racdiate more or less proportionately to
the length of the member and to the mag-
nitude of the current in the member. The
Tonger members have a [ar greater effect
i1 radiation than the shorter ones.  Thus
the pattern closely approximates that ot
twa simple dipoles spaced onc-half wave-
length apart.

Turnstile  featore  permits  diplexing
more than one carricr on the same an-
temna.  Both andio and video carriers
can be fed to the antenna simultaneously,
with no cross talk. Carriers of two f-m
stations can also be fcd to line, thus pro-
viding community service in some areas.

Horizontal  pattern can be  changed
trom a circle to a Rgure 8§ or any inter-
mediate stage hetween them.

The power input is 20 kw. However,
this can be increascd to S0-kw by using
larger feed lines.

Normal power gain of a l-section unit

tContinued me page 58)
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loops are bottlenecking your assembly lines?

W= you want the best loop for your set?

~ you are cost conscious?

__ f_}'qr large scai_e delivery of

.7/ A

Aradio engineer’s dream c'.qi‘:_éiié:f‘ti’vufé%!;;‘f?:?l_'{li{e
greatest development in loop antenna design -
~ and nmanufacture since 1920! Flat sheets of
_ copper die-stamped into perfect supersensitive
~ loops . . . air dielectric throughout their entire
~ length . . . being rectangular they have 27%
- more effective area . . . better performance at
lower cost . . . no set builder can afford fo over-
look the significance of the AIRLOOP.

% 175 VARICK ST, NEW YORK 14

ARE NOW BEING PRODUCED

THOUSANDS

FOR SOME OF THE LARGEST
MANUFACTURERS OF
RADIO RECEIVERS.

rc;-r;rp';r'ev these AIRLOOP valves
with conventional loop valves and
‘you too will SPECIFY AIRLOOPS.

® Optimum sensitivity

® High uniform Q" over énlire
band

® Inductance to close tolerance
without adjustable turn

Low distributed capacity

27% greater effective loop area
Electrical and mechanical stability
Backboard and loop in one
Lower cost

Elimination of individual loop
adjustment on assembly line

Maximum space utilization
® No haywire
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Rigure 1
An ordinary amplifier circuit where the input
capacitance is u function of the amplifieation of
the tube.

DIRECT

Frequency-Modulation
M 0 D U L ATOTR S

by N. MARCHAND"

Chief Engineer
Lowenherz Development Company

HERE are many types of reac-

I tance-varying circuits that can
be used as direct f-m modulators.

Any type of circuit that presents a
two-teriminal impedance which has a
reactive component presents a possibil-
ity. The other feature required is a
means of changing that reactance with
the modulating voltage. In other
words, for modulating purposes it has
to be a reactance that varies with the
signal voltage. As in the case of the
reactance tube, when this two-terminal
impedance is placed across the tank

*Instructor in Graduate Electrical En-
gineering courses, Columbic University.

In the Previous Paper, Which Appeared in the March
Issue, Various Configurations of the Reactance Tube
Were Discussed. Miscellaneous Types of Direct F-M
Modulators Not Employing the Reactance Tube Are
Analyzed in This Installment; Input Capacitance, Trans-
mission Line, RC F-M Oscillator, and Inductively Coupled
Types. Design Equations for These Systems Are Also

Presented.

circuit of an oscillator, it will cause a
variation in frequency of the oscillator
with the signal voltage.

Input Capacitance Modulator

In Figure 1 is shown an ordinary
amplifier circuit emploving a triode
tube. A grid resistor, R,, and a plate
resistor, R,, are shown. 7The dotted

MODULATOR

QUTPUT

OSCILLATOR

8+
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capacitances are the capacitances that
are present across the elements of the
tube, C,. is the grid-to-cathode capaci-
tance, Cgp is the grid-to-plate capaci-
tance, and C,. is the plate-to-cathode
capacitance. These capacitances con-
sist of the internal capacitances of the
tube plus any stray capacitances that
may exist across the elements. The

Figure 2 (left)
An f{-m generator circuit with the modulator
ghown in Figure 1.

Flgure 3
A length of transmission line ©° long with a
characteristic impedance Zo that is terminated
in a resistance Rn. The input impedance of
the lines is Zin.




The photo above shows a cut-away view
and completed assembly of Allied type
TKHX-26 sealed relay with ten soldered
terminals individually color marked.

ALLIED CONTROL COMPANY, INC.

GENERAL OFFICES: 2 East End Ave. (at 79th St.}) New York 21,

Plantsville, Conn. Chicago— 4321 N. Knox Avenus, Chicage 41,

1633 South Hope St.

DIVERSITY OF DESIGN &M

~ ALLIED’s

HERMETICALLY-SEALED RELAYS

These relays are designed to fit your specific applications
and to fill your special requirements completely, but this
is not all.

When you specify “Allied” you are sure to get a unit that

is completely engineered as a sealed relay — not just
equipment built around older types. Moreover these sealed
relays are produced completely, from start to finish, in
Allied plants, by one organization, under coordinated

- standards.
These products have back of them a wealth of pioneering

experience in the sealing of relays to protect them from
dirt, moisture and many foreign substances or to prevent
tampermg or accidental damage to the working parts. This
experience is today expressed in a completely organized
sealed-relay division, using the most modern techniques
and equipment including a specially designed sealing room
where air temperature, humidity and cleanliness are scien-
tifically controlled.

There is wide diversity of design in Allied sealed re[ays
But of far greater importance are the benefits of experi-
ence, complete engineering, and modern manufacturing by
one organization. Before you specify be sure to get all the
facts about Allied relays.

N. Y. Facrorles: New York Clty {2 East End Ave.) .
Illinclis. In Californio: Allled Control Co. of California, Inc.
. Loz Angeles 1S, Calif.
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Figure 4
The variation in Xsu and Ris for a transmission
line of 100 ohmes characteristic impedance and
229 long, when terminsted in 4 Rio that saries.

Figure 5

Circuit of a transmission-line oscillator with a
variahle-resistapce tube as a terminating imped.

200 250

R IN OHMS

total capacitance presented across ter-
minals 7 oand 2, €y, i given by

Cra=Cpo -+ Cy, (14 6) (1

where Gois the gain of the cirenit and
i~ cqual to the r-f voltage across R,
thvided by the r-f voltage across R..
bet us now consider the impedance
presented acvoss terminals I and 2 to
an r-l signal of frequency f. Calling
the impedance aeross Joand 2, 2

1 1

—=—+ 27fC,, (2)
s R,

Thus the input impedance consists of
the grid vesistor and the input capaci-
Luee in parallel. Tf the grid resistor
i~ made very much larger than the im-
pedance of the input capacitance, it
miay be neglected and the input impe-
Jdance becomes equal to the capacitive
reactance of C,.. Figure 2 shows an
(-m generator employing this tvpe of
modulating circuit.  The bias voltage,
I%,, can be used to stabilize the center
frequency of the oscillator.

Transmission Line Modulator

A length of transmission line with a
variable resistaee on the end of it can
be usal as an f-m modulator.  Figure
3 shows a length of trausmission line
that is ©° long. Tt has a characteristic
impedance of Z, awd 1= terminated in 2
resistor  R,. The input impedunce
across the teromnals a and b is Z,.
This impedance 1s given hy

R, cos® 4+ /Z,sin®
Z,=Z, (3}
Zocos & 4 R sin®

Scparating the real and the rvenctive
components

7R,
ly—=—rrm
7% cos® @ 4+ R® sin®©
44 o COMMUNICATIONS FOR APRIL

ance.

OSCILLATOR
TRANSMISSION LINE
o—
) 1
SIGNAL 1 z —
INPUT 1 1 ; <
O " 1
£t ‘ it
3
s RFC
>
——b+
RESISTANCE
TUBE
8+

ZAZE R Y cos Dsin

+_J. _— S (+4)
ZF cos" B 4 RE sint 6
Now let
L= Ry 41X (5)

where Ry, is the resistive component
of the input impedance and X, is the
reactive component of the input im-

pedance.  Thus
Z5 R,
Ry, = (6)
. ARcosT @ L RE sint O
and
ZALT = RE) cus Oain 0
N, = ()

ZFocost B 4 R, sin O

lt can be scen from (4) and (/)
that both the resistive component and
the reactive component will vary with
R... This means that the frequency of
an oscillator will vary with R, if the
two input terminals, @ and &, are placed
across the tank circuit of the oscillator
since the input reactance 15 varying.
However, # the input resistance varies
it will cause the amplitude of the oscil-
lator output to vary alsa. This is detri-
mental to the operation of an f-m gen-
crator.  Thus an operating condition
should be chosen to give the minimum
vitrfation of R, Since in this circuit

1946

the reactance will be varied by varying
R.. the best operating point for the
minimum variation of Ry, c¢an be ob-
tained by differentiating R, with re-
spect to R, and egnating the differen-
tial to zero.

(Z%, cus™ 0 4 RE | sin® 8) (Z%)

dR,, -2Z5 R, (2R, sin®* )

d R, (2%, cos” & + R?, sin* ©)°

(8)

Since in any fraction if the dJenom-
inator is not equal to zero, the fraction
is equal to zcro when the numerator is
zero, the numerator of (8) is equated
to zero
Zhoeost 8 4 RYZP sin? O

2R, 2 sinf @ =0 (9

Simplifying

i st
— = (10}
R¥, cos™ O
Solving for ©
Vs
Q=+ tan™' —
K., (11}

Thus for any value of Ra, (1) de-
terminates the length of line necessary
for the minimum change in R, At
that point, of course, R,, does not
change at all but it will change a sall
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The highly efficient output network of the
Collins 20K AM broadcast transmitter
contributes materially toits high operating
economy and reliability. Efficient transfer
of power from final amplifier to antenna
calls for less power input, and therefore
less power dissipation in circuit elements.
Lower operating cost, greater dependabil-
ity, and longer component life are the re-
sults of ingenious coordination of circuit
design, components, and tubes.

Audio frequency distortion, noise leve],

® 2000 90 @000 Q000 00 Q0 NS00S0 R 0RO eSS

More output per dollar input!

and audio frequency response are within
Stabil-
ized feedback constantly safeguards these

FCC high fidelity requirements.

excellent performance characteristics un-
der widely varying operating conditions.

Complete metering and motor tuning
provide control over all circuits. Power
change-over from 1000 watts to 500 watts
is instantaneous. Write for further infor-
mation. Collins Radic Company, Cedar
Rapids, Iowa; 11 West 42nd Street, New
York 18, N. Y.

— »
=TOLUINGES
FOR BROADCAST QUALITY, IT'S.... \/
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amount as the swing is increased about
that point. The value of Ry, at that
value of R, and © is obtained by sub-
stituting (11) into (). The value of
R, obtained after simplification is

R, =7Z,cs5c20 (12)
Similarly the value of X, obtained by
substituting (11) into (7) and by sim-
plitying we have

X, =Zscot 20 13
Equations (12) and (13) give the val-

and we have a load resistance Rn of
nowminal valuc of 250 ohms as a ter-
minating resistor. The length of
transmission line to be used as given
by (11) should be 22° or about 14 of a
wavelength at the frequency being em-
ployed. If the terminating resistor is
varied from 200 to 300 ohms the varia-
tion in Ry, and X, can be calculated
immediately from (6) and (7). A
curve of the variation in these values
is shown in Figure 4.

To employ the transmission line in

SIGNAL
INPUT

GATHODE
FOLLOWER

=

Vi\WY

ues of R, and X,. at the minimum R,
variation. The actual variation in
these values is obtained by substituting
the values of Ry into (6) and (7).

As an example let us assume that a
transmission line which has a charac-
teristic impedance of 100 olims is used,

an f-m generator, it can be connected
in sertes with the tank circuit of an
oscillator as shown in the simplified
circuit of Figure 5. If the loading is
too great on the tank circuit a shunt-
ing resistance can be put across the
terminals @ and b The d-c circuit

OUTPUT %
:

i

-

T

SIGNAL
r N\P uT

SAAAAAAA
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Figure 6

Simplified circuit of an RC oscillator where R,
Ci, R2 and Gz arc the frequenoy-determining
constants.

should be blocked, of course, with a
coupling capacitor.

Resistance-Capacitance F-M Generator

A resistance-capacitance oscillator
can be made into an f-m generator by
replacing one of the frequency deter-
mining resistors by a variable resis-
tance tube whose resistance is deter-
mined by the signal used for modula-
tion. In Figure 6 appears a simplified
circuit of an RC oscillator where R,,
€, R., and C, are the frequency deter-
mining constants. The frequency of
oscillation, f, is given by

1
f= (14)

2mv/CRGR,

If a variable resistance tube:is used
instead of R, being connected across
the terminals ¢ and d in the figure, the
frequency of the oscillator can be made

Figure 7

The RC oscillator of Figure 6 with the reswror,
Ri, replaced by a variable resistance tube,

to vary. In Figure 7 the trequency
determining resistor R, has .been fe-
placed by a variable,fesistance tube of
the cathode-follower type. A cathode
resistor, R., is used and if the tube has
a transconductance of gn the input re-
sistance R, across the terminals ¢ and
d is given by

1
Ri=——

1
Em+ —
R

c

(15)

Tf the value of R, is large enough the
1/R. term may be*negtlected, so that
(15) becomes

(16)

The frequency of the oscillator then
becomes

VEn i
fj=——— (17)
2m~/C,CGR,

(Continucd on page 57)

Figure 8
A ludder-network RC oscillator employing a four-
step ledder and tubes, Vy and V, to vary the
frequency.



Again...FEDERAL makes NEWS...with the =~

Now being used successfully
in the powerful CBS color tele-
vision transmitter operating ot
490 MC carrier frequency with
10 MC bandwidth at 1 KW peak
power ouiputl,

Federal’'s 6C22 is the only tube of
this type ever to operate at this
power output at such high frequency.
It’s the triode to use...as oscillator,
amplifier, or frequency multiplier.

Four years of Federal engineer-
ing effort were spent in its develop-
ment for radar equipment. Now it’s
ready for commercial broadcast use
« + . with features making it espe-
cially suitable in the UHF spectrum,

For example, Federal’s 6C22 has
ring-seal electrode construction
which reduces lead inductance ...
and extremely close interelectrode
spacings to lower transit time losses.,

And with 37 years of tube-building
éxperience bhehind all Federal tubes,
'you'll find “extras” of rugged me-

_ chanical design in the 6C22, in ad-
- .dition to trustworthy electrical per-

- formance. It has no internal spacers
io break down. Built with solid cop-
per anode block, and water cooled,
it works at the high power levels
with complete safety. Write for com-
plete information.

TENTATIVE MAXIMUM RATINGS AND TYPICAL OPERATION

Key-down conditions without amplitude modulation. Maximnm ratings
SSRYS for frequency of 600 MC.

Typical operation— DC Plate Voltage. . . .2500 Volts

Self-excited oscillator DC Plate Current. ,0.75 Amperes.
Pra PL P DC Grid Curreat. . . 075 Amperes
FREQUENCY TE ATE POWER Plate Input. . ...... 1875 Watts
. MC e Sy Plate Dissipation. , . .1000 Watts
300 2500 0.70 900
i 400 2500 0.65 800
: 500 2200 0.70 680
ACTUAL 600 2000 0.65 500
SIZE

Federal Tlephone and Radio Corporatio
mz::;bsu:;w'ﬂmm Corpoteafion Newark 1, New Jersey %
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Nomogram for Computing Inductance of

Nomogram May Be Used to Solve Many V-H-F Problems:
Estimating Resonant Frequency of a Tube When the Ex-
ternal Plate and Grid Terminals Are Connected Together
With a Bypass Capacitor of Very Low Reactance; De-
signing of Wave Filters Using Lumped Elements at Very
High Frequencies; Designing of Connecting Leads on
Mica Bypass Capacitors so That Bypassing Action Will be
Most Effective at Specified Frequency.

N many  high-frequency  civeuits
using lumped constants, the upper
limit of the tuning range is deter-

nmiined by the residual inductance of the
contnecting leads. It is quite impor-
tant to be able to accurately pre-esti-
mate this inductance.  To solve prob-
lems of this tvpe and many others en-
countered in h-f and v-h-f practice, the
nomogram shown in Figure 1 has been
preparced.

Nomogram Formula

The nomogram is based on the for-

mula: L = 0.00508 [

41 d
2.303 logi— -1 + —
d 21

appearing in the Bureau of Stand-
ards circular 74; L is the inductance
in microhenries, ! is the length of
the wire in inches and d is wire
diamneter in inches. ( The formnla on
which this chart 15 based 1s valid only
welen the wire length 15 less than a
tenth of @ wawvelength.)

To use the nomogram, it iy merely
necessary to lay a straiglit-edge across
the two scales corresponding to the
known quantities and read the un-
known quantity where the straight-
edge intersects the third scale.

Examples

Suppose we desire to find the in-

48 o

ductance of a straight ptece of round
copper wire 17 long, having a diam-
eter of 0.005”. The ratio of the wire

1.000

length to wire diameter is then

003

= 200. Usmg scale B on the right-
hand side of the chart, a straight line
15 drawn through 200, corresponding

!
to - and through 1.0 of the diagonal,
d

corresponding to I The inductance is
then read on the left-hand side of the
chart and is found to he .028 micro-
henries.

Now suppose we wish 1o estimate
the resonant frequency of a tube when
the external plate and grid terminals
are connected togcther with a bypass
capacitor of very low resistance. Ob-
viously, the resonant circuit is com-
posed of the plate-to-grid interelectrode
capacity Cupr and the inductance of the
plate and grid leads, L. The lead in-
ductance, L, is readilv found from the
nomogram, and using the value of Cor
measured at low frequencies, the lunit-
ing frequency of the tube is

1

2N LC

Another use ol the nomogram is in
determining the input resistance re-

1Terman, Radioc Engineering Handbook, sec.

tion 5.
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by 1. 1. STEPHEN

sulting fromr the inductance ol the
cathode lead i pentode r-f amplifiers.

3y determining the cathode inductance
and using the chart to determine the
neutralizing iductance, the input con-
ductiance effects of the tube can he neu-
tralized.

The nemogram is also useful in
designing wave flters using lumped
elements at very high frequencies. In
certain types of low and high pass fil-
ters, clements having inductances less
than 0.10 microhenries, are required.
These values are extremely difficult to
realize with solenoidal coils. The sin-
plest and most etfective method 1s to
use a piece of straight wire whose
length and diameter can be determined
bv means of the nomogram.

The nomogram can also he used to
facilitate the design of the connecting
leads on a mica bypass eapacitor to as-
sure effective bypassing action at a
certain {requency. Since the connect-
ing leads have a definite inductive
reactance which combines in series
with the capacitive reactance of the
capacitor, the network is most effective
whien it is series resonant and thus has
an extremely low reactance from the
bypass point to ground. The lead in-
ductance would then be designed equal

1
to ———— where € is the capacity

(2efH*C

of the capacitor and f is the frequency
at which optimum bypass action is de-
sired.,



STRAIGHT CYLINDRICAL WIRES

SCALE A
SCALE B

N
o
]

RATIO OF WIRE LENGTH TO WIRE DIAMETER

INDUCTANCE OF WIRE IN MICROHENRIES -L

L=0.00508L | 2.303l0g,, 2% — | + 4

d 2l
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VETERAN WIRELESS OPERATORS ASSOCIATION

A

W. J. McGONIGLE, President

George Clark Retires from RCA

NE of radio’s outstanding pionecrs,

secretary  of our association for

many, many years . . . George 11,
Clark . . . has retired from RCA after 20
years of active service . . . quite active!

George, a graduate of MIT, joined
RCA in 1919, He organized a show divi-
sion, which for eight years toured forty-
six states with three carloads of apparatus.
Since then most of his work has been with
patent ltigation, publicity and writing.
Incidentally in 1908 he was with the Navy
as an expert on radio . . . the first in the
Navy!

George, known as radio’s historian, will
continue his collection work, At present,
there are five rooms at 66 New Street
packed with data collected by George.
Three bundred volumes with historical
data are alrcady bound. A thousand more
will soon be in bindings., He is also writ-
ing a treatise on the U. S. Navy and is
at present on page 1,000, Five years more
should see the completion of that assign-
ment. Yes, George has retired, hut he is
scheduled to be the maost actively retired
man we know,

Scures of letters were sent to George

won Vi BB 4
fiaze 3o s winta
weEed five years nd
SFRALS e loosr for Joho
Alops

Go. ot Aserina.

Bareond W1,
§fealplag Wenpant bust 23
E.chup e ik Sitkle ghadk .
At aresond, B0

RCA BUILDING

by notables congratulating him on his
mally contributions to the art.

A letter from Admiral 5. C. Hooper
(U, S, N. Ret), with whom George
Clark worked clozely in the cmerging days
ol Navy radio, when multiple wavelengths
{and Clark wave-changers) were being
mstalfed in Fleet amd shore stations, said :

“When I came jnto the picture yvou were
the maiuspring of the cooperation herween
the industry and the Government.  You al-
wavs saw good in ¢vervone aml letped us
atl.

“In addition to your kind deeds you have
left a delinite mark on the advanee of radio.
But for you the Dbasic orguanization anld
cquipment of Naval communicatious wonld
not have been so efficient, and you spceded
up the art in the right dircetion. May you
have many vears of pcace and reflection

.. and take it easzy!”

Paul A. Porter, former chairman of the
IFCC, said:

“American conlmunications owes much to
the contributions of such radio pioneers as
Georg_e Cluark., The receut VWOA, dinner is
a_ fitting tribute to his labors both for 1he
Navy and for industry. It is to such men
as George Clark that we are indebted for
:’}me'r’lca’s leadership in radio communica-
tion.

A letter from E. J. Nally, former presi-
dent RCA, said:

1o tral Longan,

BRz 2 lweps

drae L
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310 Rockefeller Plaza, New York, N. Y.

NEWS

GEORGE H. CLARK, Secretary

“Congratulations that you re about to
enjoy the full four and many more ircedoms
which you bave sa honorably and faithfully
won as g reward for you steadiastness,
vour lowalty, and for the vast contribution
vou have made to the life avound vou and
to the lives of so many admwnring friends.”

Major General Frank L. Stoner, As-
sistant Chief Signal Officer UL 5. Ary,
said :

“The Chief Signal Officer of the Army
and the entire corps acknowledge the great
contribution made by George Clark in the
field of radio comimunications. His numer-
ous improvements in the art will long be
remembered by the nation. Jle represents
the highest tradition in the field of radio
communijcations and will always he loved
and respected as a true pioneer and gentle-
man by those who [ollow (his profession.
_“The United States holds its present posi-
tion of greatness hecausc of men like George
Clark. This satisfaction will remnain with
him forever. The Signal Corps wishes him
peace and happiness [n his well-earned re-
tirement and sends its 73 to himn {rom the
four corners aof the earth.”

:\' letter from Lec de Forest, honorary
VWOA president, said:

. “George Clark and wireless , . . two names

inseparable for the past 45 vears. There

(Continued on page 60)

Below: Photographic review of the life of George
H. Clark. This interesting series of illustrations
apeared on Christmas cards.
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FREQUENGY - WEGAT

Here are the\postwar high frequency coils amateurs
will need for work with the micro-waves. Originally
designed to meet Navy requirements, these new
high-Q units fave gdiystable inductance and give
fine performdnce /4 dh frequency oscillators, RF
stages or frequefcy wultipliers. Two coils are avail-
able covering the\rangg 37 to 220 Mc. A blank
form, Type XR-50wmpy b€ wound as desired. All
three are small and {ompact, and
all are designed for-edgvenient
single-hole mounting. )

\
NATIONAL COMPANY, INC., MALDEN, MASS. US.A.

AN
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PUR-A-TONE

Reg. Trode Mark

ALL TYPES FOR

« AUTOS
HOMES

«MARINE
A.M.— .M.~ TELEVISION

Make pleased customers and
bigger profits . . . ask your
distributor for BRACH Puratone
ANTENNAS.

L.5. BRRCH MFG. CORP.

200 CENTRAL AVENUE NEWARK, N. J.
WORLD'S OLDEST AND LARGEST MANUFACTURERS OF RADIO ANTENNAS AND ACCESSORIES.

MTENNRS

Special-purpose transmitting
antennas designed for volume
production to your own specifica-

tions. Collapsible—sectional—

direction finding — radar and
coaxial type. All sizes, lengths
and materials. Consult us on |

your needs,

AUDIO MEASUREMENT

(Continaed from page 25)

square root of the sum of the squares
of the individual components.

Signal Sources for Distortion
Measurements

The lowest distortion obtained in
any type of commercially available os-
cillator is found in the push-button-
operated RC {feedback type, in which
the distortion is generally better than
0.19 throughout most of the operating
range. In this type of oscillator an RC
feedback network, usually of the paral-
lel-T tvpe, provides a high degree of

52 o

degeneration lor all harmonic voltages.
The extremely good waveform at low
frequencies is made possible by the ab-
sence of inductance coils or other non-
linear elements. In commercial oscilla-
tors of this type the standard push-
button frequencies include all of the
FCC test frequencies. For highly accu-
rate measurements of distortion such
an oscillator is a distinct advautage
since the inherent distortion in the test
signal will always be small compared
to the amount to be measured in the
transmitted signal. This 1s the only
commercial type oscillator with a low
enough distortion for the FCC proof-
of-performance tests.

For ordinary maintenance checks on
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tran=niitters other types of osacillators
may be used, and if they are tn be
used also for running response curves,
ete., certain of the continuously vari-
able types may be considered miore
convenient. Continuously variable os-
cillators are generally either of the
heat-frequency type or of the RC type.
High-grade units of the beat frequency
type may have distortion as low as
0.29, throughout most of the frequency
range, but the distortion tends to rise
to relatively high values at low fre-
quencies. The continuously tunable RC
type, as commercially produced, gen-
crally has a somewhat higher distor-
tion through the medium-frequency
range than the better grades of beat-
frequency oscillators. The most impor-
tant advantage of the beat-irequency
oscillator as a standard test instrument
15 that the complete a-f range is avail-
able on a single dial, which may have
a logarithmic or other desired scale
shape.

A third type of oscillator, not yet in
commercial production and known as
the double-beat or multiple-beat, allows
the simultaneous application of two
test frequencies, thus facilitating
measurements of intermodulation dis-
tortion. Therc are considerable theo-
retical redsons to helieve that when
such oscillators are generally available
two-lone distortion tests will becoine
quite generally used, particularly in
cascs where high amounts of distortion
are encountered, since it is generally
agreed that the intermodulation prod-
ucts are considerably more annoying
than the spurious harmonics. Of
course, intermodulation measurements
can always be made using two indi-
vidual nscillators.

Distortion-Measuring [nstruments

The most common form of dister-
tion-measuring instrument is the dis-
tortion meter. Various types have been
manufactured over a period of vears,
earlier types heing of the fixed-fre-
quency variety. More recent types have
heen conmtinuously adjustable. One of
these has operated by bucking the
transmitted signal against the applied
signal, which requires careful adjust-
ment of both phase and amplitude and
measuring the resulting difference,
which is an indication of distortion.
The most recent types involve null cir-
cuits of the Wien bridge, parallel-T or
similar types, which attenuate the fun-
damental sufficiently so that the re-
maining signal represents almost en-
tirely the harmonics and noise. Switcl-
ing the null network out of the circuit
allows direct measurement of the noise.
which obviously should be consider-
ably lower than the level of the har-



monics if accurate measuremients are
to be made, This fact limits the use-
‘fulness of the distortion meter in
some applications. The distortion
meter readings, of course, represent
the total of all harmonics combined,
there being no indication of the rela-
tive amplitude of each individual har-
monic.

In using a distortion meter, a pre-
liminary check should be made of the
noise level in the system under test
to be sure that it is not comparable
to the magnitude of the distortion to
be measured. This is particularly im-
portant in circuits having deemphasis,
since the standard 75-microsecond de-
emphasis curve is down approximate-
ly 82 db at 5000 cycles, 11.4 db at
7500 cycles, 13.6 db at 10,000 cycles
and 17 db at 15,000 cycles. For proof-
of-performance tests on [-m  trans-
mitters the FCC has accordingly
agreed to require the 50%-and 259%-
modulation distortion measurements
only for frequencies of 5000 cycles and
below. The problem is further compli-
cated in ‘the case of television transmit-
ters, where the allowable noise level is
5 db higher.

One of the earliest, and still one of
the best methods for measuring distor-
tion is the wave analyzer. Such devices
in present commercial forms are gen-
erally of the heterodyne type, having
a fixed-frequency filter. In such an

analyzer, tuning is accomplished by

heterodyning the component being
measured up to the filter frequency.
The use of a fixed filter allows a very
high degree of sglectivity. Consequent-
ly such measufements are relatively
unaffected by noise and other factors,
even under conditions where distortion
meter measurements may be useless.
Present commercial types of wave
analyzers, however, do not tune to fre-
quencies above approximately 18 ke,
which limits their use for some of the
high-frequency distortion measure-
ments now required by the FCC. The
great advantage of the analyzer, hew-
ever, is its versatility. Since it
. measures each component separately,
it may be used equally well for single-
tone harmonic measurements or for
multi-tone  intermodulation measure-
ments,

Another distortion-measuring device
is the so-called intermodulation meter,
which is intended only for intermodu-
lation measurements. Such a device is
quite similar to a modulation meter as
used for measuring percentage modu-
latien of a broadcast station, except
that the intermodulation meter is an a-f
instrument. [t measures the depth of
modulation produced on one tone, gen-

(Continued on page 54)

The Difference Beiween
“We Think So” and

...are Engineered for Application in
this Stalactite Acoustical Chamber

In this completely soundproof room, asymmetrical walls and carefully designed mass-
interval baffles effectively reduce troublesome resonant harmonics and reflected sound
to an insignificant value. Response curves are ploited which represent true perform-
ances so that Permofiux engineers can say "We Know So." Its usé at Permoflux is
characteristic of the many factors which moke it possible to substantiate the fact that
Permoflux Specakers provide the finest possible sound reproduction.

SEE US AT THE CHICAGO TRADE SHOW—BOOTH 32

PERMOFLUX CORPORATION
4900 WEST GRAND AVE., CHICAGO 39, ILL.

PIONEER MANUFACTURERS COF PERMANENT MAGNET DYNAMIC TRANSDUCERS
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DEFENOABIE
PERFORMANCE

Dependable performance in any elec-
tronic equipment is the sum of little
things, And when those “little things"
are Hi-Q components you can rest
assured that performance will be thor-
oughly dependable, Hi-Q components
are available in any desired quanti-
ties to your specifications. Send for
samples and complete data.

CERAMIC CAPACITORS

Cl Type: axial leads

CN Type: parollel leads

Made of titanium dioxide (for
temperature compensating types).
Tested for physical dimensions,
temperature coefficients, power
factor and dielectric strength,

WIRE WOUND RESISTORS
Fixed Type

Immediately available in standard
ratings or precision built to any
tolerance or value.

VIR BT, R
/"'\

i g
CHOKE COILS
Sturdy construction. Insulated or

uninsulated. Quantity production
available at once.

ELECTRICAL REACTANCE

CORPORATION
FRANKLINVILLE, N.Y.
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(Continued from page 53)
erally at a high a-f, by another tone,
generally of a low a-f. This type of
intermoduilation meter is often limited
to operation at only a few selected fre-
(uencies.

Coupling Test Equipment fo Transmitter

Figure 1 shows the conventional
means for coupling the test oscillator
to a transmitter. Generally this simple
arrangement will be found quite satis-
factory. The resistance R, should equal
the impedance from which the equip-
ment under test s designed to work.
The attenuator, which is of the T type,
should be of the impedance from which
the equipment under test is designed to
work, or a matching pad should be in-
terposed. The connections shown are
for unbalanced circuits. If the circuits
are balanced an H-type attenuator
must he used, and one-half of the re-

sistance, R,, should be inserted in each
input lead. A vu meter is shown for
convenience, but any good a-f or
vacuum-tube voltmeter may be substi-
tuted. For a 600-ohm circuit R, will
equal 600 ohms, and the input level to
the equipment will be the reading of
the vu meter -6 db minus the setting of
the attenuator. The attenuator may be
eliminated in cases where the input
level is sufficiently high so that it can
be read on the vu meter directly.

For measurements on a-f sections of
the transmitter the distortion meter or
analyzer may be connected directly to
the output of the a-f equipment, as
shown in Figure 2. The resistance Ry,
in paralled with the input impedance of
the distortion meter or analyzer should
equal the rated load impedance for the
equipment,

For measurements of distortion on
an a-m carrier the arrangement shown

vu
Q 1
o AWV o
EQUIPMENT
OSCILLATOR ATTENUATOR UNDER TEST
o to3 o ]
Figure 1
Conventional means of coupling test oscillator to
transmitter.
Pigure 2
QISTORTION Measuring a-f section of a transmitter, with dis-
EQUIPMENT 2R METER OR tortion meter or analyzer connected directly to
UNDER TEST > o ANALYZER the a-{f ocutput,
Figure 3
Measurement of distortion on an a-m carrier.

C = 50 mmfd; C; = 35 mmid; L, =L, = 25
millihenries; R, = R, = 100,000 ohms; D, =

6ALS or 6H6.
A-M DEMODULATDR
15 o
EQUIPMENT i e Ly e DISTORTIDN
T w4 o Ca Ry METER OR
UNOER TEST & O T X o ANALYZER
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in Figure 3 may be used. The a-m
demodulator 1s generally included as a
part of the monitoring equipment, but
the arrangement shown is typical. Suit-
able values for the circuit are:

C, = 50 mmid

C, = 35 mmid

L, = L, = 25 millihenries
R, = R, = 100,000 ohms
D, = 6ALS or 6H6

1

The a-f input impedance of the dis-
tortion meter or analyzer should be
large compared to %R, to avoid dis-
tortion at high modulation percentages.

For testing f-m transmitters the
same system is used except that a dis-
criminator must be used in place of
the a-m demodulator. The require-

ments for this demodulator are suffi-!

ciently strict and the adjustments suffi-
ciently critical so that no simple dia-
gram would be of any use. Generally a
" suitable discriminator will be included
as part of the f-m monitoring equip-
ment utilized with the transmitter.
Before making distortion measure-
ments it is well first to connect the dis-
tortion meter or analyzer directly to
the output of the oscillator to determine
that the distortion in the applied signal
is sufficiently low for the tests. This
check should be made with the oscilla-
tor terminated in the same value im-
pedance as it will be operating into

during the tests, but without the equip- |

ment to be tested actually connected.
When checking the noise level of the
system prior to making measurements
with a distortion meter, if it is found
that hum or other noise components
are abnormally high it may be neces-
sary to use an isolating transformer at
the output of the oscillator. This is
particularly true when working with
low-level input circuits. Needless to
say, all low-level leads should be well
shielded.

Differences Befween A-M and F-M
Distortion Measurements

On a-m transmitters the distortion
measurements are fairly simple be-
cause of the relatively high tolerances
and the flat frequency response, How-
ever, it is characteristic of a-m trans-
mitters that the distortion rises rapidly
as 1009 modulation is approached.
With certain types of a-m transmitters,
particularly those employing class B-
systems, it may also be found that the
distortion increases at very low modu-
lation levels. The f-m transmitter, on
the other hand, must be capable of
swinging to an extent equivalent to
133% modulation, considering a 75-kc
swing as 1009. Hence the distortion

(Continued on page 56)
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and equalization in 2 ’ y
db steps,

Complete Selectivity on ONE Panel!

Capable of providing variable regulation over-a range of 16 db
attenuation and 12 db equalization in 2 db steps at both ends
of the sound spectrum without wave distortion, the CINEMA
Program Equalizer is one of the most advanced units on the
market today.

Designed to fit the rapidly expanding needs of motion picture,
recording and radio broadcast industry for recording, re-record-
ing and high fidelity sound reproduction, this new equalizer can
be cut in or out of the line without changing the overall signal
level. Variable peak positions are available at 3, 5, and 10 Kilo-
cycles, selected at will by a key on the panel. Designed with a
constant “K” circuit, the impedance remains constant over the
entire range.

The illustrated Program Equalizer shown above is an arrange-
ment for a single channel. Multiple channel panels can be
supplied fo fit your studio requirement.

________ 3 Ke. KEY IN [ ——

Now Avuailable Nationally Through:

TURNEY & BEALE, 40-08 Corp. Kennedy St., Bayside, Long Island, New York
WRIGHT ENGINEERING C€O., 4241 Melbourne Road, Indianapolis, Indiana

MANUFACTURED AND SOLD IN THE WEST BY:

1510 W. VERDUGO AVE,,

CINEMA

RIATEN ENGINEERING COMPANY

ESTABLISHED, 1935

BURBANK, CALIFORNIA
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@® The new Aerovox Series 1780 water-cooled
oil-filled mica capacitors handle exceptional
XVA loads lor their size. The higher KVA
ratings are aliained by: (1) Exceptional design—
crilical arrangement and location of sections;
specially-plated parts; large cross-section of
conductors, etc., and (2) Use of water-cooling
system designed [or maximum heat
from capacitor section lo cooling coils.

transfer

All in all, sturdy, hard-working. compacl,
trouble-free mica capacilors for extra-heavy-
Ralings up to 25.000 v. A.C. Tesl.
Capacitances up 1o .01 mid.

duty service.

® Details on request.

"INDUSTRIAL APPLICATIONS "
AEROVOXCORP., NEW BEDFORD, MASS, U.S.A

Export:13 E. 40th St., NewYork 16, N.Y. « Cable: ‘ARLAB’
In Canada; AEROVOX CANADA LYD., Hamilton, Oat.
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AUDIO MEASUREMEN

(( osdtoied fram page 534

(-m transmitter should nor rise
noticeahly in the neighborhood of
1009, modulation. The television trans-
nmitter must be able to swing 40 ke,
which is the equivalent of 16045 modu-
lation. The lower allowable distortion
of the - transmitter, plus the fact
that 1 deemphasis  circuit  wlhich
further reduces the amplitude of the
high-frequency harmonics is used for
the measurements, somewhat compli-
cates the measurement of f-m trans-
mitters, particularly at higher modula-
tion frequencies. and care should be
taken to check noise levels to be sure
that they are not interfering seriously
with the measurements,

ol an

transmiitteys  with  sufheiently
low distortion to meet the FCC amd
RMA requirements it i= probable that
simple single-tone havmouic measure-
ments with @ distortion meter or a
wave analyzer will provide o satisfac-
tory check on -operating performance.
In cases where, in sptte of low har-
monic  measurements, however, the
quality as judged by the ear appears to
be rough or distorted, the source ot
such dhittieulty can generally be most

IFor

easily  traced by vesorting to  fwo-
irequency  intermodulation  measure-
ments, which may be made with 2

wave analyvzer and cither two oscilfa-
tor~ or a double-beat nscillator. Such
measurements mav - he  particularly
valuable in case of high-frequency dis-
tortion in f-m trapsmitters, since the
relative <ensitivity of harmonic meas-
urements is so greathh veduced by the
deemphasis circuit.

Relative Value of Different Types of
Distortion Measurements

The choice between various types of
distortion measurcivents is a subject
which camnot be easily settled at the
present time because of the relatively
limited experience with all except the
single-frequency  type. To meet the
FCC proof-of-performaice tosts single-
frequency tests are required, and such
tests are probably satistactory for ordi-
nary  routine clhecks on high-grade
equipment, In cases, however, where
audible distortion exists to a degree
considerably higher than the harmonic
measurciients would indicate, inter-
modulation measurements are gener-
ally desirable. Tn some instances a
simple two-tone check with an inter-
nmodulation meter may be sufficient, but
in general more complete tests utiliz-
ing a wave analyzer and either a
double-beat oscillator or two Tigh-
quality oscillators are destrable.
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JONES 500 SERIES
PLUGS and SOCKETS
(Heavy Duty)

Designed for 5000
Voits and 25 am-
peres per con-
% tacl. Socket Con.
¥ tacts of phosphor
bronze, knife-
swiich iype, sil-
ver plated. Plug
Contacts are of
hard brass. sil-
ver plated. Made
in 2, 4, 6. 8. 10
and 12 Contacts.
All Plugsyand
Sockets are Po-
larized. Long
leakage path
from Terminal
to Terminal
and Terminal 1o
v ground. Caps

$.506-DB and Brackets
are of steel. parkerized. Plug and Socket
blocks interchangeable in Caps and
Brackets. This series Is designed for heavy
duty electrical work and will withstand
severest type of service.

Write for Bulletin No. 500 describing this
line of Heavy Duty Plugs and Sockets.

P-506-CE

HOWARD B. JONES DIVISION

CINCH MFG. CORP.
2460 W.GEORGE ST. CHICAGO 18

PLATING CRYSTALS

(Continned from page 28)

spontancously  when sutficient  stlver
has been depnosited on each side to pro-
vide a conductive path for the neces-
sary r-f current.

In most cases, a certain pattern of
silver plate is desired on the crystal
race.  This 1» usually a centrad circu-
lar patch connected to the clip area by
a narrow strip. This pattern is formed
by enclosing the crystal in a mask with
suitable openings. This may be made of
mica sheets or of metal.  Sonte care is
necessary in the latter case to avoid
short-civcuiting, A similar mask or
shield is put on the base to eliminatce
the deposition of silver on the region
between the leads. The stiver is peri-
odically removed from the masks by
dipping them in diluted nitric acid.

The adhesion of a properly applied
nlm to the crystal face is very good.
The silver is soft and may be abraded
or scratched but it does not peel off.

Tt has been found that the crystal
should be reduced mn frequency about
0.25¢% by the plating on each side to
insure good conduetivity of the Alm
electrode.  Thereafter it may be re-
duced in frequency. at will, up to a
limit of about 3% of the original fre-
uency.




F-M MODULATORS

(Continued from page 46)

where everything remains constant ex-
cept the gn of the tube which is de-
pendent on the signal input.

If both R, and R, are replaced with
similar resistance tubes a much greater
frequency deviation is possible. I the
input resistance. of both tubes is in-
versly proportional to the g. of the
tubes as given by equation (I6), the
frequency of oscillation becomes

Em
i=

an/eG

Thus with two tubes the frequency of
oscillation is directly dependent on the
gm of the tubes.

If television type tubes are used in
the circuit the oscillator will work well

“up to about 4 me. If it is desired to
operate at still higher frequencies com-
pensating circuits should be used.
When shunt and series peaking is used
in the plate circuits of the two oscilla-
tor tubes the circuit works well above
9 mc. However the amplitude of oscil-
lations does not remain constant with
frequency and a limiter has to be used
to remove the amplitude modulation
which is present in the output.

In Figure 8 is illustrated an RC
oscillator employing a four-step ladder
network for the 180° phase shift. Feed
back is accomplished through a pen-
tode amplifier, V., and a cathode fol-
lower, V,. Tubes, V, and V,, are used
to vary the frequency by varying the
resistance between R, and ground. In
this type of oscillator, which is of the
low-frequency type, the frequency can
be varied between 2,000 and 4,000
cycles as the resistance between R, and
ground is varied between zero and in-
finity. Amplitude modulation can be
reduced to a negligible amount by the
proper choice of network constants.

(18)

Inductively Coupled Yarlable Reactance

When z capacitance and a variable
resistance is placed across the secon-
dary of a transformer, the input reac-
tive component of the impedance can
be made to vary as the resistance is
varied. In Figure 9 is illustrated a

(Continued on page 59)

Figure 9
An inductively.coupled variable reactance device,
employing a variable resistance, Rs.
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RUGGED A4S
oLD BIG BEN®

TURNER MODEL 99
DYNAMIC
Engineered for discriminating
users who want utmost efficiency
and dependability, the Turner |
Model 99 Dynamic is the most
rugged microphone in the entire
Turner line. lts precision-built
dynamic circuit withstands the
extremes of climate and tempera-
ture to reproduce sharp and clear
under difficult operating condi- e
tions. Large city police departments, commercial broadcast
studios, and leading manufacturers of communications equipment
depend on Tumer 99 for unfailing performance. Professional case
is finished in rich gun metal and equipped with adjustable saddle
for semi- or non-directional operation. Range 40-9,000 cycles.
Level — 52DB. Available in all standard impedances and com-
plete with 20 ft. removable cable set.

TURNER MODEL 999 BALANCED LINE DYNAMIC

TURNER
99 and 999

The same professional appearance and rugged construction as Model 99
with voice coil and transformer leads insulated from ground and microphone
case. Line is balanced to the ground. Especially recommended for critical
applications. Range 40-9,000 cycles. Level — 52DB. In all standard imped-
ances with removable 20 ft. balanced line, low capacity cable set.

Ask your dealer or write for full snecifications
*The famous clock of London

907 17th Street N.E., Cedar Ropids, lowa

+
Licensed Under U, 5. Patents of the American Telephone and
Tefegraph Company, and Western Electric Company,
Incorporated.
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That's A Bay

ELECTRONIC VOLT- OHMMETER BRAND
NEW AHMY TYPE 1-i67-F PRECI-
SION uNlT Rugged decign hausad steol ease
A7°x8V4 " 'xd'g’" feather earrying handle. GCan-
tains Simpson 47 highly dampsd 400 micrcamp
Alnico meter. Clear visibie scaie inrge numer-
als easily readadle at all points. Al voltage
ranges ten megohme sensitivity; reads 0-3 volts
ir .05 v steps; ©-(0 velts Ip .2 v steps; 0-30
voits [n .5 v steps: 0-100 voits in .2 v steps;
0300 volts ip § v steps—OHMS Axt from .02
to 1000 okms; Bx(0 from 2 t¢ 1000~} Rx100
from 28 to 100000~; Rx(00 from 200 te 1|
meg; Rx 10000 from 2000 to 10 mego
(contor seais bs . 10) Linlt complete with 3
test leads; batteries and Instructioas. Cost
gov't $83. “TAR™ gpecial $20.70 Additiona!
V.T.V.M, Loctal fube ¢ LE 3/8P 8ig G §E.15.
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NSER KIT 24 midget oll Cormnsll Dub.
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GE ngrarmi 2MF D-2000VDC wkn 2 tor
se 2MFD-5500VDG wky (LP$75)
H vy duty 50 watt sieatite In& 2 fnr
Ampheml sloty UX 77A-4TN
DiHsptal C'Ray & mig.ring HF lns.
L diode IN2] & holder Two sn!t sa. for
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Complete New W.E. Oscilloscope
5 Inth made by, Western Electric for U.8.
Army typs BC412 Cost gov't over $2000, Con-
talas power supplles 115 V §0 CY: amplifiers
and costtrols for Vertical and Horlzontal posi.
tlon Fosus  intensity, Sensitlvity, Spreed,
p_(fixed freq,) with new tubes SPEd, 879,
5T4, ‘Sx 6L8, Two 6317, BACY, GHB Easlly
adapted to lsbornfery Radio servics work or
television. Complotefy housed hesvy stesl case.
Exeanelannl UTAB' price $65 ship wt. cased
00 Ibs. Tested guarantesd new.
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Transtormer High VoHage

Brand new Wenyop ISy, 60oy, 3200v,
Yaamp. Bar?tln "TAB" Prlua 39 75.
tos.
Two unrlts !/-,lmn C.T.

9401!
“TAB” prleed $i8

Autosyns Bendix
Brand mew gov't ssaled and In.snootod packad

in_gvoriées cams, synthro-trapsmitters AC.
115v. BO cy. gperation. Continuous hoavy duty.
Proclsion accuracy mads for gun-frs tontrol,
Cort gov't $00 each. 5 the. esth ‘TAB”
posial two for $IB.

§I Min. ordars FOB, N.Y.C. Add Postags afl orders
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o' fus Ft
Utited.' Buy thru “TAB” md‘ﬁ o Suantities are
“TAB", Dept. C-S
Six Church Street, New York 6, N. Y.
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(Continued from page 40)

Lenmaneal

MAGNETS

9’
Thomas & Skinner

ALL SHAPES... ALL SIZES

Cobalt « Chrome ¢ Tungsten

Stamped, Formed or Cast.
ALNICO

(Cast or Sintered)

Also: LAMINATIONS for output frons-
tormers of highest permeability. Stand-
ard stecks in o wide range of sizes for
Audla, Choke, Outpul and Pawer
Transformers, Write for dimeniion
chaet. ... TOOLS . . . DIES . ..
STAMPINGS . . . HEAT TREATING.

44 YEARS' SPECIALIZED EXPERIENCE

Thomas & Skinner

PRODUCTS €O,
Indianepuhs §,

STEFL

1113 E. 23rd 5t Ind.

(Swmith Psper)
The clover-leaf [-m entenns.

is 1.25; 2-section, 2.50; 3-section, 4.00.
Field gain of a l-section unit is 1.12; 2-
section, 1.58; J-section, 2.00.

The tolerance on the input impedance
is such that the voltage standing-wave
ratio on a S51.5-ohm line shall be 1.5 or
better at any frequency from 88-108 mc.

Horizontal pattern is essentially cir-
cular. Under ideal conditions the pattern

of the turnstile deviates from round by
less than =&+ 0.5 db.

.
THE CLOVER-LEAF F-M ANTENNA

Phijip H. Smith
Bell Telephone Labs

ESIGNED to radiate horizontaily,
D at power levels up to and including
S0 kw, this antenna uses an array
of two or more vertically stacked radiat-
ing units. FEach radiating unit is com-
posed of a cluster of four curved ele-
ments.
An r-i voltage applied between the
junction of the four elements and their

(Continued on page 60)

* COMPUTED QAIN FIQURES HAVE
AtEN CONFRMED WilliN O. 2 d&
BY MEASUREMENT ON ACCURAFELY
SCALED MODELS.

8~ NURBIR OF UNAS

ANTENNA GAIN
. GAIN REFERRED 15 A ¥ WAVELENOTH DIFOLE
NO. OF
5 UNITS
L el 2
N 3
?i 4
Rv
3 - 3
It
g A ¢
o
7
2 s
]
T
2 3 4 5 L3 7T
-] v 2
WAVELERGTHE

3= CENGYH OF ANTEHNA ARRAY,

COMPUTER. GAIN'

Powar  Fald  db

130 [T ]

L9 140 28 (Smith Paper)

2.45 155 39 Antenna gain of clover-

leaf units.

3.00 175 49

3.55 100 58

410 208 6t

470 115 &7
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F-M MODULATORS

(Continued from page 57)

transformer with a primary inductance
of L,, a secondary inductance of L.,
and a mutual inductance of M. Across
the seccadary is connected a capacity,
C., and a variable resistance, R.. Fig-
ure 10 gives the equivalent circuit of
the transformer where X, and R, are
the impedances reflected into the
primary- from the secondary. Z, is the
input impedance across the terminals
e and f. Solving for the input im-
pedance, X, and R, are found to hbe

(«L,) (1/wC,)*
+ st (st - l/wcs)

X, = (oM)?
(«L,)* (1/eC,)*
+ RB (WZLEE - 1/“,262")2
(19)
and

(1/wC,)*R,
Ri = (eM)?

(oL,)? (1/#C,)*
+ Rzn (NELES — l/w‘zcza)z

(20}

Thus it can be seen that as R, is
varied the reactance across ¢ and f will
also vary. This circuit can be used in
an f-m generator by using it as the
tank circuit of an oscillator and em-

ploying a variable resistance tube
for R,.

References

Maurice Artzt, Frequency Modulation of
Resistance - Capacitance  Oscillators,
Proceedings of the IRE; July, 1944,

A. V. Eastman and E. D. Scott, Trans-
mission Lines as Frequency Modulators,
Proceedings of the IRE; July, 1934.

Bruce E. Montgomery, An Inductively
Coupled Frequency Modulater. Pro-
ceedings of the IRE; October, 1941.

F. E. Terman, Radio Engincers Hand-
book, McGraw-Hill Book Co.; 1943.

Figure 10

The equivalent gircuit of the induetively-coupled
variable reactance shown in Figure 9

s O-

10

Send for complete catalog de-
scribing the full line of I.C.A.
Antennas. Or, if convenient pick
up a copy when you visit our
exhibit at the R.P.E.E. Show,

Steven’s Hotel, Chicago.

Booth #34
{May 13th to 16th inclusive)

nsuline

CORPORATION OF AMERICA
INSULINE BUILDING » LONG [SLAND CITY, N. Y,
More than a quarter-century of Quality production.
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Especially suitable for applications for
close frequency tolerance . . . VHF ser-
vices — police, aircraft, railway com-
munications, etc. . . . works on 6.3v at
1 amp. . . . temp control within =3°C

. operates at 60°C. . , . frequency
control of =,005% . .. frequency range
IMCto T4MC . | _fits octal socket , . .

TYPICAL CRL — 30 FREQUENCY TEMPERATURE CURVE

CRYSTAL RESEARCH

19 ALLYN S§T..

LABORATORIES INC.

HARTFORD, 3, CONN., PHONE 7-3115

The Ultra High Fre-
quency Concept « Sta-
tionery Chargeond its
Field s Magnetostatics
Alternating Current

stants « Transmission
Lines « Poynting's
Yectorond Maxwell’s
Equations - Wove-

and Lumped Con-

UNDERSTANDING
MICROWAVES

by VICTOR }. YOUNG

For those who have not previously con-
sidered radie waves shorter than 10
centimeters. Provides foundation for
understanding various microwave devel-
opments of past five years. To simplify
explanations, mathematics are placed in
footnotes wherever passible.

CHAPTER HEADS

guidet « Resonant
Cavities « Antennos
Microwave Oscilla-
tors « Radar and
Communication + Sec-
tion Two is devoted
to descriptions of
Microwave Terms,
Ideos and Theorems.
Indef.

SPEED AND SIMPLICITY
A-C
CALCULATION

CHARTS

Student engineers will find
that this book is invaluable.
It simplifies and speeds any
work involving AC calcula-
tions. The book contains 146
charts. Covers all AC cal-
culations from 10 cycles to
1000 megacycles.
160 PAGES—PRICE $7.50

OUT IN MAY —OVER 400 PAGES — PRICE $6.00 ORDER TODAY
i ol A AP A ety g, el

JOHN F. RIDER PUBLISHER,

404 FOURTH AVENUE,
Export Division: Rocke-International Electric Corp., 13 E. 40th Street, New York 16, N. Y.

INC.

NEW YORK 16, N.Y.

60 ® COMMUNICATIONS FOR APRIL 1946

BROADCAST CONFERENCE
tContinned from page 58)

ends causes in effect a ring of - unmform
current which produces a circular radia-
tion pattern about the axis of the ring.

Racdiation patterns indicate that the
signal intensity is greatest in the direc-
tion of the horizon (0°) and is substan-
tially less at higher elevations. With this
type, as with all types of directive an-
tennas, the radiation pattern becomes
progressively hroader and the gain less as
the number of radiating units and length
ol the array is reduced. Conversely, the
pattern becomes narrower and the gain
higher as the number of units and length
of the antenna are increased—all provid-
ing that the instantaneous currents in
the individual radiating units are estab-
lished and maintained in their proper
relationships,

Maximum gain occurs when the in-
stantaneous currents in all radiating ele-
ments are in time phase and of equal
amplitude.  All radiating elements are
connected with clamps -at half wave-
length intervals to a 3" diameter feed
conductor which is centrally located
within the tower structure. The tower
itself serves as the return or outer con-
ductor of the feed line. The usual phase
reversal occurring along such a feed line
at half wavelength intervals is compen-
sated for by reversing the mounting posi-
tion of the radiating elements in adjacent
units.

The impedance of the antenna array is
matched to the impedance of a coaxial
transmission line with a transformer
which utilizes the base section of the
rower and antenna feed conductor. This
transformer can be adjusted over a wide
impedaunce range.

Half wavelength spacing is used. Yor
antennas ol equivalent over-all length the
sacrifite (n antenna gain would be ahout
i per cent.

Theoretically and actually more gain is
possible with greater antenna lengths and
a corresponding incrcase in number of
radiating units. However, a maximum

(Continued on page 68)
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(Conibaed from page 30)

lives no man ever associated with the de-
velopment of radio who knows not George
the indefatigable. Early maker and pre-
eminently pontifical recorder of radio his-
tory, that art and industry owe to him a
debt that can pever be discharged.”

David Sarnoff, RCA president, attend-
ing a “farewell?” dimmer given hy old-
time associates {from RCA, said it in
fewer words when he remarked in the

course of an “off the record” speech:

“I hear that George Clark is about to re-
tire. It'» a iake! He never could retire: he
will work harder than ever.”

A letter from Dr. Alfred N. Goldsmith
said :

“1 have just learned with mingled feelings
thar my old friend, George Clark, has just
retired irom active professional work, It
comes with a seuse of shock to find that a2
man of his vigorous personality and major
capabitities will o longer be ‘battling in
the radio arena.” DBut I am satisfied that
he will find interesting and productive activ-
ities 1o occupy the many long years which
all his iriends hope and believe are ahead of

him.

“While T realize that George bas theo-
retically ‘retired.’” I am certain that he will
retain that major interest in radio which has
carried him forward all these years and which:
has added subsiantially to the development
of lhe feld. He goes into ‘active retire-
ment’ with the heartiest good wishes and
kindly remembrances of all his friends.”



NEWS BRIEFS

PREISMAN NOW CREI V-P

Albert Preisman has been elected vice Iprésiden_t,
in charge of engineering, of the Capitol Radio
Engineering Institute, 3324 16th Street, N.W.,
Washington, D. C. .

Mr. Preisman has been associated with the
institute for three years, where he has been in
charge of radio engineering activities, lesson
text revision and development of new lesson
material.

r oz ¥

HERRMANN NOW S-M OF WESTING-
HOUSE HOME RADIO

Edgar G. Herrmann has been named sales man-
ager of the Westinghouse Home Radio Division,
Sunbury, Pa.

Mr. gerrmnnn was formerly sales manager of
the Emerson Radio and Phonograph Corpora-
tion.

* *

MEDAL FOR MERIT TO GEN. SARNOFF

The Medal] for Merit was presented recently to
Brig, General David Sarnoff, president of RCA.

* % w

DR. SOUTHWORTH RECEIVES
FRANKLIN INSTITUTE LEVY MEDAL

Dr. George Clark Southworth of the Bell Tele-
phone Laboratories has heen awarded the 1346
Levy Medal of the Franklin Institute for his
diseovery that the sun gives off short-wave
radiation, similar to that employed in radar.

This discovery, according to Dr. Henry But-
ler Allen, secretary and director of the Insti-
tute, opens the way to an entirely new field of
research which it is hoped will yield additional
information on the earth’s atmosphere, as well
as the sun itself.

L

ARMSTRONG AND W. E. SIGN F-M
AGREEMENT

Major Edwin . Armstrong has granted a
license to Western Electric under his f-m pat-
ents for the manufacture of mobile and other
communications equi?m’sn&

EBEL APPOINTED WMBD DIRECTOR
OF ENGINEERING

A. James Ebel has becn namecd director of engi-
neering for WMBD (Peoria) and WDZ (Tus-
cola) tn Illinois.

Mr. Ebel has been on the University of 11h-.

(Continued on page 62)

NOTICE ON HOTEL ACCOMMODA-
TIONS FOR THE PARTS SHOW

In view of the critical housing shortage in Chi-
cago, those planning to attend the show should
be sure that they have confirmations of their
hotel accommodations.

The heusing committee for the show has as-
signed 1,100 rooms, allotted by Chicago hotels,
which include: Stevens, St. Clair, Planters,
Webster, Eastgate, Maryland, Harrison, Mor-
rison, Bismark, Chicagoan, Croydon, Brevcort,
Atlantic, Parkway and Plaza.

There are still available rooms in some Chi-
cago hotels, since all hotels did not set up an
allotment. Persons coming to the show who do
not already have a confirmed hotel reservation
should try NOW to get accommodations hy
writing to anyome of the following hotels:
Blackstone, Congress, Palmer House, LaSalle,
Sherman, Knickerhocker or the Edgewater
Beach.

(Show will be held af the Stevens, May 13-16)

Unasaal and Vctal
ELECTRONIC EQUIPMENT

PRODUCED BY

TECH LAB

SUBCONTRACTING DEPT.

A sonsi-
with

for

1 Set to test varisters.

Production Tes )
tive wheatstone pridge amrang®

gwitching means
quickly checking @
number of varisters

in e Pi‘ ;equel‘\te-

Manufacturers have continuaily
called upon the modern facilities
of Tech Lab Subcontracting De-
partment to assist them in the
production of unusual and vital
electronic equipment. Our Engi-
neering Department is ready to
assist you with your production
problems.

MANUFACTI'RERS OF PRECISION
ELECTRICAL RESISTANCE INSTRUMENTS

15 LINCOLN STREET, JERSEY CITY 7, N. 1.
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FIVE YEARS FROM TODAY, Will you
be in the knee-pants era of
radio or will you be “up and
on to"” every new development?
The matter is as pointed as
that. True, most receivera can-
not reproduce the full range
of FM broadcasts yet. But
soon they will,

MODERNIZE! Start now to moni-
tor your full FM range with
the Altec Lansing Loudspeaker
System. Make your improve-
ments — your refinements —
now. So when tomorrow comes,
you will not just be growing
up to standards, you will be
getting them. See your dealer,

THE ALTEC LANSING
DUPLEX LOUDSPEAKER SYSTEM

Both high and low fre-
quency units are com-
bined in one horn,
reproducing the entire
FM range, from 50 to
15,000 cycles, without
intermodulation effects
or distortion.

ALTEC

LANSING CORPORATION

161 N Vine St, Hollywnod. Cal
250 W. 57th St N Y 19 K.Y,

NEWS BRIEFS

(Continued from page 61)
nois faculty for the last nine years, serving at
present as assistant prolessor of electrical engi-
neering.  He alse was technical supervisor for
WILL and WIUC at the university in Cham-
paign, Il

LI I Y

SECOND NATIONAL ELECTRONIC
CONFERENCE IN OCTOBER

The second national electronic conference spon-
sored by the Illinois Institute of Technology,
Northwesiern University, and the Chicago sec-
tions of AIEE and IRE with the cooperation
of the Chicage Technical Societies Council and
the University of Illinois, will be held at the
Edgewater Beach I{otel in Chicago from October
ird to 5th inclusive. Q. Swinyard, 325 West
Huron Street, Chicage 10, Iliinois, is president

of the conference,
* *

PART OF BO-METER BAND GOES
BACK TC HAMS

The 3700 to 4000 k¢ band has been releascd by
the Army and Navy communications stails and
returned to the amatcurs on April 1.

Tlic new hand is open for code operation;
3900 to 4000 kc will be available for radio-tele-
phone work to holders of class A licenses,

The FCC has also assigned amateurs the
235 o 240 mc band, and privileges on a new
channel of 27.18% to 27,455 kc. shared with
scientific, industrind, and medical users.

L I

REILLY RESIGNS FROM
KLUGE ELECTRONICS

Ray M. Rcilly has resigned from Kluge Elec-
tronics, Inc.. 1031 No. Alvarado Street, Los
Angeles, California.

L4

MUSITRON EXPANDS

The Musitron Company, formerly L. A. Sand-
wick Associates, are expanding their facilities
at 223 West Erie Street, Chicago. Leo Irankel
is general manager of the company,

Geruld H. Rissman has been namcd sales
manager.

The company produces portable phonograpls,
transcription playback wunits, elc.

- - *

HALLICRAFTERS TO MAKE REPUBLIC
AIRCRAFT TWO-WAY UNITS

The Hallicraiters Company have receiverd from
the Republic Aviation Corporation, Farming-
dale, Long Island. N. Y., a comtract to build
two-way radin i1clephones for Republic’s four-
passengcr all-metal amphibian planes, “Sea-
Bees.”

*

* .

WARD LEONARD RELAY BOOKLET

An 8-page bhooklct describing heavy-duly re-
lays, single-pole singie-break and douhle-break
relays, three. and four-pole relay<. latching re-
Invs, cte., has been published by the Ward
Leonard  Electric Company. Mount  Vernon,
New York.

> % 2

SCHOOL SQUND STANDARDIZATION
PROGRAM PREPARED BY RMA '

A program for standardizing radie and sound-
amplilying equipment in the wnation’'s schools,
approved by a joint committee of radio manu-
facturers and educators, is now bhcing prepared
for application hy the RMA engineering and
sound systemy seetions, Minimum standards

e COMMUNICATIONS FOR APRIL 1944
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The Carter Super Dynamotor illustrated
above is the preferred power supply of
leading mobile radio manufacturers, and is
operating in over 42 State Police radio
networks.

Ideally suited for Police, Marine, Air-
craft, Railroad, and other mobile com-
munications, the Super provides unequalled
officiency, reliability, and stamina for
mobile transmitters. Write for latest bul-
letin of Carter Products todayl

SALES OFFICES IN PRINCIPAL €ITIES

Gable Genemotor

1603 Milwaukee Avenua

for school radio and sound facilities will he
arranged te proteet the institutions from inade-
quate erquipment and to permit free exchange
of radio educational material. .

Tentative specifications for the school radio
cquipment wcre drawn and approved at a re-
cent mieeting in Cleveland of the RMA schnal
coquipment committee and representatives of the
National Fducation Association. the Associa-
tion far FKducation by Radio and the U. S. Office
of Education. A )

The specilications cover five classifications of
school radio aud sound amplifying equipment:
ventral progrum distribution systems, class-
room receiving <ets, portable transcription plas -
ers, speech input units and recorders.

- * »

DU MONT EXPANDS

Allepn B. DuMont Laboratories have purchased
the 4-story Doherty Building at 1,000 Main
Avenue in Cliften. N The building wil} be
occupied after September Ist for the manulac-
wire of Du Man oscillographic instruments and
television reccivers, . e e

WILLIAM S. PALEY RECEIVES
MEDAL FOR MERIT

The Medal for Merit was recently awarded tn
William 8, Paley who, as a civilian, was head
of radin operations of the Army Psychological
Warfare Branch in }?.ur*opg.

SCHWARTZ JOINS DEE ELECTRONICS

. H. Schwartz has joined the Dee Eleetronics.
Linnted, 435 Craig Street West, Moentrenal,
Cuanada, as communications engineer.

PR

HORN/{ SIGNAL REQRGANIZED

The Horni Signal Manufacturing Corporation
was recently reorganized. All operations have
been concentrated in one location at 421 West
5dth Street. New York City.
Andrew R. Cruminy, Ncwark, New Jersey,
has been named trustee in the reorganization.
* .

BOUCHERON APPOINTED G-M OF
FARNSWORTH BROADCAST DIV.

Captain Pierre Boucheron, U.S.N.R., has bheen
nained general manager of the broadcast divi-
sion of the Farnsworth Television & Radio



Corporation and will be in charge of WGL at
Fort Wayne, Ind. C

Captain Bouchcron rtecently received the
Legion of Honour rank of Chevalier, from the
French Government for distinguished service
during the liberation of France.

3

*

SCOTT, SEARLE AND PACKARD

FORM INSTRUMENT CORP.

H. H. Scott, R. W. Searle and L. E. Packard,
have formed the Technology Instrument Corpo-
tation, 1058 Main Street, Waltham, Massaehu:
selts.

H. H. Scott, who will serve as president, in
charge of teehnical development, was formerly
with the General Radio Company as executive
engineer.

L. E. Packard, who will serve as treasurer,
in charge of sales engineering activities, was
also with General Radio as district manager in
the New York and Chicago offices.

Raymond W. Searle will be secretary-clerk
and production manager of the organization. He
was formerly a member of the production de-
partment of General Radio in a supervisory
capacity.

H. H. Scott L. E. Packard .

(Leit): R, W, Searle

- % ow

CENTRALAB SWITCH BOOKLET
A 32-page booklet describing a variety of single
and multiple switches hag been released by
Centralab, Milwaukes ld Wis,

*

SOLAR CATALOG
A J36-page catalog covering capacitors for in-
dustrial, amateur and general service applica-
tions, has been published by the Solar Capaci-
tor, Sales Corporation, 285 Madison Avenue, New
York 17, N. Y.

Capacity analyzers are also featured in the
catalog. -

»

JAMES G. BIDDLE CO. MOVES
James G. Biddle Company lias consolidated its
offices and factory at a new location, 1316 Arch
Street, Philadelphia 7, Penha,

L] * *

WARD OF CRYSTAL RESEARCH
NAMED TO NAM POST
Samuel I. Ward, president and general manager
of Crystal Laboratories, Inc., Hartford, Conn.,
has been appointed i member of the interna-
tional economic relations committee of the Na-
tional Association of Manufacturers.

* * *

CBS CONSTRUCTION OPERATION
GROUP REORGANIZED
The CBS construction operations group has
been divided into four units: construction plans
division, estimating division, construetion and
maintenanee operations division, and field in-
stallation division.

These units will be under the direction of
Clarence R. Jacobs, assistant director.

The construction plans division will consist

(Continued on page 64)
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The No. 74001
Tunable Coil Form

Anocther naew Millen "Dasigned for Applica-
tion' product Is the No. 74001 permeability
tuned, shieldad plug-in coil form. Standard
octal bate of low loss mico-filied Bakellte,
polystyrene 2" diameter coll form, heavy
aluminum shield, iron tuning slug of high
frequency type, suitable for vse up 1o 35 mc.
Adjusting screw protrudes through center
hole of standard octol socked. Speciol ex-
tension terminols focililate connection to
base pins.

MAIN OFFICE AND ¥
MA]-DEN
MASSACHUSETTS

NEWS BRIEFS

(Continued from page 63)

of two units: architectural design, headed by
Frederick Semmens, chiei designer, and me-
ehanical and teehnical, under the divection of
Kingdon S Tyler who continues as special as-
sistant to Mr. Jacobs,

Roland J. Young is chiei estimator of the
estimaling division.

Construction and maintenance operations divi-
sion, with Pier Cherici in charge, will eonsist
of three operating units: architectural and me-
chanical drafting, repairs and replacements
(New York), and air-conditiommng operations
(New York).

EEEE |

CENTRALAB PROMOTES
WOLFF AND ROUP

Robert .. Wolff has been named clief radio and
electronics engineer of Centralab. He succceds
H. W. Rubinstein.

Rolland R. Roup has succeeded . AMilum
Ellers as chief ceramic engineer.

R. L, Waift

) R. R. Roup
CORNING-GLASS BULLETINS

Three bulletims  deseriling  glass  companents,
“vycor” (90% silica glass), ano metallized glass-
ware, ave been published hy the Corning Glass
Works, Corning, New York

BURLINGTON TRANSFORMER DATA

A bulletin covering “donut’ transformers e
been published by the Burlington Instrument
Company, Rurlington, Towa. Application and
engincering data are offered.

* - -

SMITH NOW HEAD OF RAYTHEON
MICROWAVE DEPT.

J. Ernest Smith has been appointed hewd of the
microwave communication engineering depart
ment of the Raytheon Manuiacturing Company.

Mr., Smith was formerly with Radio Corpora-
tion of America, as reseirch division head o

RCA Laboratories.

LI

MORHAN COMPANY
TO EXPORT FOR MARION

Morhan Exporting Company, 458 Broadway.
New York Citw, has heen appointed export rep.
resentatives for the portable bench-type solder-
ing unit made by the Marion Electrical Instru-
ment Company, Manchester, N.

* * *

OHMITE RITEOHM RESISTORS
BULLETIN

A 4-page Dbullebin, 126, describing Ritechm V-
watt and 1-watt non-inductive, pie-wound.
+ 1% precision resistors, has been released by
Ohmite Manufacturing Company, 4835 W
Flonrnoy St., Chicagoe 44, Illinois.

£ * *

KRAMER NOW JENSEN TECHNICAL
SERVICE ENGINEER

Karl Kramer has been nmned technical service
engincer of the Jensen Radie Manufacturing
Company. Chicago, Il

Mr. Kramer joined Jensen in 1935 and has
servesd since them as senior development engi-
neer and applications engineer, Ina this capacity,
he has been responsible for direct-radiator loud
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For Commercial or
Amateur Arrays

}PREMAX
Antennas

Tubular Steel Antennas and Elements
are peforming just as many import-
ant jobs in peace time as they did
during the war. If you have an an-
tenna problem, get the special Bul-
letin 460. Doubtless one of the
Standard Premax designs will do
the job.

H"emax H‘DC/UClS

Division Chisholm-Ryder Co., Inc.
| 4610 Highland Avenue, Niagara Falls, N. Y.

speaker development mad for the dewwn nd
development of enclosures

x *

DIGEST OF EXPIRING
PATENTS PUBLISHED

A weekly 250-page reference book, “"Puble

Domain’'. containing over 100¢ patents Jdue to
expire four weeks aiter date of issue and which
will then bt in the public doma, has been an-
nounced hy the Scientific Development Corpo-
ration, 614 West 4%h Street, New York 19,
N. Y. The first issue will wppear in May

» * &

NATIONAL CATALOG

Catalog 600, covering variahle capucitors o1
receiving, transmitting, neutralizing; r-f chokes,
<haft couplings, coil forms: exciter tanks; plug-
in bases and shields; oscillographs; reeeivers:
etc.. has heen released by the National Com-
pany, 61 Sherman S:rec;t,q.\lalden. Mass

CASE NOW HALLICRAFTERS

CHIEF ENGINEER

Nelson P, Case, formerly chief engineer ot the
receiver division of Hallicrafters, has been pro-
moted to chief angineer of all of Hallierafters

activities.
+ * *

SUN RADIO MOVES

Sun Radio and Electromics Co., Tnc.. has moved
to 122-124 Duane Sireet, New York City,

A ¢lealer sales department has been established
nnder the supervision of Lou Selonek.

MORTON JOINS INSULINE

A. R Morton has heen named chief engineer of

1946



the electronics division:at the Insuline Corpora-
tion of America. He was formerly chief engineer
of the Ansley Radio Corp. .
Lester K. Behmuth has been appointed
sales representative of Insuline. He will service
cutlets throughout the New York-Eastern
Pennsylvania-Virg‘inig arez.

COBURN BECOMES PANORAMIC S§-M
R. M. Coburn has been appointed sales manager
of the Panoramic Radio Corporation, 242 West
55th Street, New York City.

Myz. Coburn was formerly general sales man-
ager of National Unien Radic Corporation.

* ® ¥

GILLIG PROMOTED BY EMERSON

Phil Gillig has been elected vice president in
charge of the home produots division of the
Emersen Radio and *Ph*onegraph Corporation.

CAPT. FINCH WINS LEGION OF MERIT

The Legion of Merit was awarded recently to
Capt. W. G, H. Finch, USNR . .. “for excep-
tionally meritorions conduet in the performance
of outstanding service to the Government of
the United States as Head of the Countermea-
sures Design Seetion, Electronics Division,
Bureau of Ships, from December 1, 1%41, to
September 1, 1945.”

Brush Communications Medel BJ Crystal Headphone

Designed especially for ease and efficiency in communications

work. Extremely light in weight but rugged and.durable. Soft

rubber housing gives wearing comfort and good ear seal over

£ O

BUTLER WINS IRC PROMOTION long hours of constant use. Piezo-Electric crystal drive element
Robert Butler, f f the IRC . . . e .

e e Hepnstment, has been named insures uniform response and high sensitivity. Comes com-
merchandise division salee engineer of the . .

International Resistance Co., 401 N, Broad St., plete with 5 ft. cord and adjustable headband.

Phila. 8, Pa. He succeeds Victor Nicholsom
who has joined the Harry B. Segar Co., manu-
facturers’ representatives, Buffalo, N.

Below: Bob Baggs (center), sales manager of
the TRC merchandise division; Rohert Butler
(left), and Victor Nicholson.

Brush General Purpose Model A
Crystal Headphene

Excellent for a wide variety of uses inelud-
ing laboratories, studios, amateur home
use, schools, general program listening
and many others. As in ell Brueh erystal
produets, the Piezo-Electric crystal drive
element insures uniform response and high
sensitivity, Well suited for multiple instal.
lation, Complete with adjustable, lock-type
headband and 5 ft. cord.

Brush High Fidelity Model AT

‘ & ox Crystal Headphone
ALEXANDER NOW . For use where high fidelity and extended
KEN-RAD MANAGER frequency response are of paramount impor-
L. K Alexander has been appointed manager tance. Does not affeet line or eireuit ehar-
of the Ken-Rad division of General Electric's acteristics. Ideal for broadcast monitoring,
electronies department with headquarters at sonnd measurement, audiometry and other
Qwensboro, Kentuckz. . . cxacting headpbone applieations, Light-

* weight, rugged. Complete with 5 ft. cord
POLYTECHNIC RESEARCH and adjustable lock-type headband.

OPENS CONSULTING LAB

Polytechnic Research and Development Com-

pany, Inc., formerly P. I. B. Products, Inc., 66 See the complete line of Brush Crystal h
Court Street, Brooklyn, N. Y., has opene:i a il vs _ rysia .eadphones u,' your dealer,
consulting engineering l[aboratory. For more complete information call or write

The company was established during the war
for the manufacture of microwave test equip-
ment for the armed services,

Dr. H. 5. Rogers, president of the Polytechnic
Institute of Prooklyn and of the Brooklyn
Chamber of Commerce is head of the company.

THE BRUSH DEVELOPMENT COMPANY
F. J. Gaffney is chief engineer. PENERL T v

Mr. Gaffney was formerly head of the mea- i i -5-‘3"“.*- PER K "_N SANEN UE! Bk LY L E VELAN lj._. t:-d-;'--O_H_I o J
(Continued on page 66) b e RS R st et SRR R b e
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Front or Rear Sunface

RORDS
AMunlllREFI.ECTORS

FOR TELEVISION,
ELECTRONIC, OPTICAL,
and SCIENTIFIC APPARATUS

Front or Rear Surface Mirrors anc! Re-
flactors made to your specifications.
Closest opfical and dimensional toler-
ances observed.

@ EXCEPTIONAL REFLECTIVITY

@ WILL NOT TARNISH

@ OPAQUE OR SEMI-TRANSPARENT
@ HEAT RESISTANT

® PROMPT SERVICE ,

We Invite your inquiries. Samples and
quotations will be submitted promptly.

!
Let Zenith help solve your Mirror and Reflactor problems!

ENITH OPTICAL LABORATOR

123 WEST 64th STREET |
NEW YORK 23, N. Y.

I\ SPECIALISTS IN
ACUUM DEPOSITION

STANDARD
CRYSTALS

Send for New Catalog

STANDARD PIEZO COMPANY

Established 1936

Quartz Crystals and Fréquency Control Equipment

O ffice and Develofrment Laboratory
Canreisie, Pa, P. Q. Box 16

SCRANTON, Pa, CArlISLF, Pa.

Representutives
COOPER-DIBLAS]
259 WEST I4th STREET, NEW YORK II, N. Y.

HAL F. CORRY
3522 GILLON AYENUE, DALLAS 5, TEXAS

THE FOSTER COMPANY
409 LUMBER BLDG., MINNEAPOLIS, MINN,

GERBER SALES COMPANY
94 PORTLAND STREET, BOSTON 14, MASS.

A. SIDNEY HARDY
§50 BOULEVARD N. E., ATLANTA, GA.

HARRY A. LASURE
2216 WEST itth STREET, LOS ANGELES &, CALIF.

L. D. LOWERY
1343 ARCH STREET, PHILADELFHIA, PA,
MANUFACTURERS SALES TERMINAL, Inc.
222 COLUMBIA BLDG., SPOKANE, WASHINGTON
HARRY B. SEGAR & COMPANY
ELLICOTT SQUARE BLDG., BUFFALO, N. Y.
E. J. WALL
1836 EUCLID AVENUE, CLEYELAND I5, OHIC
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surement and test equipment group of the
MIT Radiation Laboratory.

WISE AND TODD IN
NEW BELDEN POSTS

Richard G. Wise has been appointed service

manager of the merchandise division of the

Belden Manufacturing Company, Chicago. Wil-

Jiam Todd has been named advertising manager.
- = *

ROBINSON BECOMES
KINGS ELECTRONICS V.p

J. H. Robinson has been appointed vice pres-
ident and general sales manager, of Kings
l%leg}ronics Co., 372 Classon Ave., Brooklyn,

Kings Electronics manufacturers coaxial cable
connectors, wave traps, wave guides, microphone
plugs and jackas.

L

LOUIS KAHN ELECTED TO
AEROVOX CANADA BOARD

Louis Kahn, assistant chief engineer of Aerovox
Corporation, New Bedford, Mass, has been
elected to the board of directors of its affiliate,
Aerovox Canada Ltd., Hamilton, Ont,

DZUS FASTENER BOOKLET

A booklet describing fastener installation pro-
cedures has been issued by the Dzus Fastener
Co., Inc,, Babylon, Long Island, N. Y.

- &

PRESS WIRELESS MANUFACTURING
OFFICES MOVED

Executive offices of Press Wireless Manufactur.
ing Corporation have moved from 1475 Broad-
way, New York to the engineering laboratories
at 3801 35th Avenue, Long Island City.

PAUL SELGIN BOOK
TO APPEAR SOON

Dr. Paul J. Selgin’s book “Electrical Trans-
mission in Steady State” will be released soon
by _the McGraw-Hill Book Company, Inc.

Dr. Selgin is research engineer for the Farns-
worth Television and Radio Corporation.
CoMMUNICATIONS has presented many of his
papers on wave-filter design, equalizer and
amplifier circuits, etc.

LI

COOK ELECTRIC RELAY BULLETIN

A 20-page bulletin desoribing ‘“‘aerotrol” type
relays has been released by the magnetronic
divi;}(l)n of the Cook Electric Company, Chicago
14,

+ & a

AKEROYD RESIGNS FROM RAYTHEON

A. E. Akeroyd has resigned his post as manager
of distributor sales of the Raytheon Manufac.
turing Company, a post he held for 14 vears.

An announcement as to future plans is ex-
pected soon,

- * &

ANDREWS BECOMES SYLVANIA
MERCHANDISING MANAGER

Raymond W. Andrews has been appointed mer-



chandising manager in the radio divislon of
Sylvania Eleetric Products Inc. His offiee at
present is in Williamsport, Pennsylvania.

REMOTE-CONTROLLED
MOUNTAIN TRANSMITTERS

Above and below, antennas for the recently in-

stalled mountaintop remote-controlled 250-w f-m

State Police system, atop Moent Coolidge and

Terry Peak in the Black Hills of South Dakota.

Transmitters are said to blanket western half
of the State.

Installation above is on Mount Coolidge, 6400’

above sea level. The 250-w transmitter antenna

is atop. Rapid City h-f link antennas below; at

left 8I-mo antenna and at rigbt 79-mc antenna.

Below appears instaliation at Rapid City sub-
headquarters.

{Courtesy Galvin Mfg. Corp.)

We’ll Stick to

Coil Windings

The pressure of wartime production forced
many manufacturers into strange paths . . . we
were fortunate that all of our increased facili-
ties could be devoted to coil windings.

Experience has proved to us that superior coil
windings result only from continuous attention
to their design and production.

We are determined that our reputation for
winding of highest quality . . . a reputation
earned during 29 years of service to industry
. . . shall be maintained.

That's our business and we're going to stick
to it.

COTO-COIL CO,, INC.

COIL SPECIALISTS SINCE 1917
65 PAVILION AVE. PROVIDENCE 5, R. I.
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For dependable,
unfailing capacitor
performance rely

on "AMERICAN."

<>

A hearty welcome awaits
convention visitors at the
AMERICAN BOOTH

SPECIFICATION
SHEETS ON
REQUEST

ALL STANDARD TYPES = PRECISION
ENGINEERED FOR DEPENDABILITY

AMERICAN CONDENSER CO.

4410 NO. RAVENSWOOD AVE. * CHICAGO 40, ILL.

BROADCAST GONFERENCE
(Continued from page 60)

of seven to eight units, depending on
frequency, was selected as the most prac-
tical balance between additional gain and
cost. From power-gain studies made, it
has been found nccessary to double the
antenna length to double the gain, ie,
from two to four, four to eight units.
Similarly, sixteen units would be required
to again double the gain, but increased
losses in the much longer feed line, to-
gether with a substantially reduced and
accordingly more critical radiation beam
width, would prohibit full realization of
the increase.

A 154" or larger coaxial line is recom-
inended for all transmitter powers up to
10 kw and 314" line is recommended for
high powers. It is suggested that a
characteristic impedance of nominally 51
ohms be used. However, this value is
not essential as line impedanees between
50 and 100 ohms can be used satisfac-
torily.

TELEVISION ENGINEERING

TELEVISING MOTION PICTURE FILM
Scott Helt
Allen B. DuMont Labs

OW that the FCC has begun the
allocation of channels for commer-
cial television broadcasting. sta-
tions will be obliged to operate on a

68 o

greatly augmented schedule; it is believed
that 28 hours a week will be required.

Because of the considerable rehearsal
time necessary for live talent shows, and
the great expense in making available
such an extended schedule of live talent
production it is practical to assume many
will televise suitable motion picture
films.

The present television stations have
used both 16 mm and 35 mm motion pic-
tures.

From the engineering standpoint, it is
unfortunate that the standards chosen for
television have inade it necessary to de-
velop special motion picture projection
equipment, or has necessitated the modi-
fication or redesign of equipment already
available. This s because the frame
frequency, as employed in television, is
not in agreement with the motion-picture
frame frequency.

The present high definition 525-line
monochromatic television system is oper-
ated at 30 frames per second, each frame
being made up of two fields, interlaced.
Thus, the field frequency is 60 cycles per
second, while the frame frequency stand-
ard has been set at 30. Standard sound
motion pictures are projected at 24
frames per second. Television engineers
found it technically expedient to adopt the
frequency of 30 frames per second since
30 is a sub-multiple of 60, and the video
equipment is conveniently based upon
the standard 60-cycle line frequency. The
latter frequency is suitable for use in
synchronizing the video transmitter with
receivers in the field. Thus, it has been
necessary to design or modify existing
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equiptment to transmit standard motion
picture film.

Many optical-mechanical systems have
heen developed for the {rame-frequency
transition, One such system provides 60
scannings of the film per second, while
the film moves at the speed of 24 frames
per second.

In this system one film frame is held in
place while it is scanned twice, the suc-
ceeding frame being held in place while
it is scanned three times, the process
being repeated alternately, The scanning
beam is so synchronized with the shutter
that the image is flashed on the mosaic
only during the time between the end of
one scanning pattern and the beginning
of the succeeding one, while the beam
current is biased to cut-off.

In another system the film is passed
through the projector at constant speed.
An especially designed lens system fol-
lows each frame down, keeping it in
focus. The series of special lenses is
mounted on the periphery of a disc which
is made to rotate perpendicularly to the
flm and the source of illumination. The
lenses are placed adjacent to one another
about the circumference of the disc, so
that one succeeds another in coming into
focus. The disc rotates in synchronism
with the speed of the film. The only dis-
advantage of the system lies in the ex-
pensive lens system involved.

For average lighting in normal opera-
tion, a minimum of at least 25 foot
candles are required at the Iconoscope
mosaic, though satisfactory illumination
is possible with a light level of 1.5 milli-
lumens per square centimeter for average
conditions, and 3.5 millilumens per square
centimeter for high light conditions. The
mosaic of the standard Iconoscope has
an area of approximately 100 square
centimeters. In one commercial type of
modified 35 mm film projector, a 900-watt
T-20 projection lamp was found capable
ol supplying this light demand with at
least a 2-1 safety factor. ?

F-M MONITORS

F-M STATION MONITOR

H. R. Summerhayes, Jr,
General Electric

HE {-m station is required to use

monitors for indicating frequency,

percentage modulation, and modula-
tion peaks. In 1940 such a station moni-
tor was developed. The unit measured
and continuously indicated the mean fre-
quency and the percentage modulatien of
the radiated signal, provided a modula-
tion peak indicator with a warning flasher
to show when meodulation peaks exceeded
some preset value, and it also provided
an audio output for use with an external
amplifier for program aural monitoring.

When the frequency allocation was
raised to the 88-108-mc band, it became
necessary to revise the monitor.

The old circuit was essentially a super-
heterodyne receiver with additional mea-
suring and indicator circuits. The local
oscillator signal was derived from a
crystal controlled oscillator with appro-
priate frequency multiplier stages. Some
limiting action was achieved by introduc-
ing the transmitter signal into the mixer

{Continued on page 74)



THE INDUSTRY
OFFERS . . .

SERDEX COAXIAL DIPOLES

Coaxial dipole antennas for the 144-148 mc band
have been developed by Serdex, Inc,, 91 Cam-
bridge Street, Boston, Massachusetts.
Antenna, model A-144, is 5 high with a
tubular mast that is both support and feed line.

* * o

AIREON REMOTE UNITS

A remote unit, 1030B, which mounts in the cab
of caboose, designed to provide comtrol over
mabile v-h-f and induetion equipment, has been
announced by the railroad division of the Aireon
Manufacturing Corp., Kansas City, Kans.

The handset, by Electro-Voice, uses a dif-
ferential microphone.

Unit mounting space measures roughly &'
wide x 6’ deep x 117 high,

* %

STACKPOLE MOLDED COIL FORMS

Molded bakelite coil forms with anchored “hair-
pin” wire leads have been announced by the
electronic components division of the Stackpole
Carbon Company, St. Mary’s, Pa. Standard
types include forms with coaxial leads each end;
single hairpin lead each end; single hairpin lead
one end, douhle hairpin lead the other end; and
double hairpin lead each end. Uses are said to
range from universal and tapped wuniversal
windings to wolenoid windings, antenna or
coupled windings, iron-cored universal windings,
iron-cored i-f transformer or coupled coils and
various others,

I_ - »
AEROVOX WATER-COOLED
MICA CAPACITORS

Water-cooled mica capacitors, series 1780, for
heavy-duty service as in high-power transmit-
ters, have been developed by Aerovox Corpo-
ration, New Bedford, Mass.

Available in ratings up to 25,000 volts a-c
test, and in capacitances up to .01 mfd.

Higher kva ratings are said to be obtained by

(Continued on page 70)

ForFM and TV

Meets Rigid FM-TV Standards

A new coaxial cable, especially designed for FM
and TV use, is now a reality at the Andrew Co.
Scheduled for mid-June delivery to the first orders
received, these new cables, in 4 sizes, introduce
the folowing important engineering features:

1. Characteristic impedance of 51.5 ohms. ({The
regular Andrew cables for AM applications have
a nominal impedance of 70 ohms.)

2. Connectors and associated fittings have been
engineered with special care to aveid reflections
and discontinuities. Being completely solderless, these fittings simplify
installation and eliminate problems of flux corrosion and pressure leaks.
3. Insulators are spaced 12 inches apart in the 3 large size cables, and
6 inches in the %-inch cable.

4, Improved low loss insulation material is used, having a dielectric con-

stant of 6.0 and a maximum loss factor of .004 at 100 mc.

5. Close tolerances have been established on conductor and insulator
dimensions, in order to maintain a constant characteristic impedance.

6. Inner and outer conductors are made of copper
having a minimum conductivity of 5% IACS at
25° centigrade.

Your order now is the best assurance of early
delivery on this new coaxial cable for your FM
or TY installation,

Write or wire the Andrew Co., 363 East 75th
Street, Chicago 19, lllinois, for complete infor-
mation or engineering advice on your particu-

lar application.
ATTENUATION CURVE t Sishiie, e esoEEEES
Attenuation is calculated tF
fo provide far canduc- ot
tor and insulator loss, =
including a 10% derat- A

ing factor to allow for

resistance of filtings .
and for deterioration B
with time,
O'Tl'!e new 51.5 ol'_|m o1 e
air insulated coaxiol P s e e

coble for FM and TV "
cames in 4 sizes, priced |en|aﬁvel’y as follows: %5,
42¢ per ft; 1%, 90c per ft.; 3%a", $2.15 per f1.;
614", $5.20 per f1. Andrew Co. also manufactures
a camplete line of accessories for coaxial cables.
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ANDREW CO.

363 EAST 75th STREET
CHICAGO 19, ILLINOIS
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you!

LARGEST AND MOST COMPLETE
STOCKS...Under One Roof

You'll find this new Buying Guide
extremely helpful and valuable today!
Places over 10,000 items at your
finger tips—for research, mainten-
ance and production. Includes parts,
rubes, tools, books, test instruments,
public address and communications
equipment. Concentrates all leading

makes here in one large central stock
1o give you faster, more efficient, more
complete service—saves you time,
work and money. Whatever you
need ... it pays to check with Allied.
Write, wire or 'pbone Haymarket 6800.

T S
e A e ] VR e M

ALLIED RADIO CORP.

833 W. Jackson Blvd,, Dept. 31-D.6, Chicago 7, Illincis
'~:=°ﬁ-f\\—q'£§l!;;§ : ;

The FINEST MICROPHONES
/RECORDING /

AMPERITE
YELOCITY

MICROFHONE
WITH

PATENTED

ACOUSTIC
COMPENSATOR |

DYNAMIC
WITH NEW
SUPERIOR
ELIPSOID

PICK UP
PATTERN!

AMPERITE KONTAK MIKES
IDEAL FOR AMPLIFYING
STRINGED INSTRUMENTS

USED WITH ANY AMPLIFIER
AND WITH RADIO SETS.

ASK YOUR JOBBER ... WRITE FOR FOLDER

AMPERITE
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THE INDUSTRY OFFERS...-

(Continued from page 69)

the use of a water-cooling aystem that pravides
meximum heat transfer from caj section
to cooling coils.

Tha mica stacks are In an oil bath, Cooltng
colls in the ofl bath provide for transfer of heat.
Has a series-parallel mica stack for oniform

current distrbution; steatite insulator shaped
to hold gradients below corona limilta; nem-
ferrous welded metal case, hermetically sealed,
and grounded.

- & 8

NATIONAL NOISE LIMITER

A double-ended = series-valve noise lmiter,
which is said to clip both the positive and nega-
tive peaks off noise puloes, has been developed
by the National Radlo Company, Malden,
Mass, The limiter is used in the HRO com-
munications receiver.
Limiter uses ap impedance-matcher connected
to a high-impedance cireuit,
" *

DU MONT C-R TUBES

A small c-r tube with a2 2” neck and diheptal
base, 3JP, has been announced by Allen B, Du
Mont Laboratories, Ine., Passaic, N. J.

For applications where deflection voltages are
under suitable control, the 3JP is directly inter-
changeable with the 3FP. Equipment using the
3BP may be readily adapted to use the 3JF by
providing for connecting the intensifier electrode
of the 3JP either to the second anode potential
or to a higher potential than the second anode.

The 3JP is said to have a high deflection
sensitivity; can be utilized with intensifier
potential equal to twice the second anode poten-
tial, without reduction in sensitivity as com-
pared with the 3BP operating with the same
second anode potential.

LI I

SYLVANIA SHARP CUT-OFF R-F
AMPLIFIER TUBES

A sharp cut-off r-f pentode amphﬁer. 7AGY,
des1gned for 6.3 volt and a-c/d-c series service

in television and a-m/f-m receivers has been
announced by Sylvania Electric Products Inc.,



radio tube division, 500 Fifth Avenue, New
Yark 18, New York.

Direct interelectrode capaeitances with RMA

standard M8-308 shield 1 5/16” in diameter and
connected te the cathode are: maximum grid to,
plate, ,005 mmid; input, 7.0 mmid; and output,
6.0 mmid.
. Typical operating conditlons and characteris-
tics im elass Al amplifier service are: heater
voitage, 6.3; heater current, 0.150 ampere; plats
valtage, 250; plate current, 6 milliamperes;
screen grid voltage, 250; and screen grid eur-
rent, 2 milliamperes,

QOperating In these conditions a cathode-bias
resistor value of 250 ohms is-indicated, The blas
voltage should be approximately 2.0 volts but
fixed bias operation is not recommended. Con-
trol grid voltage for a plate-current value of
10 microamperes is -10 e suppressor is com-
ocected to the cathode at the socket. Plate
resistance of the tube is 075 megohm and
mutual conductance is 4200 micromhos,

Tha 7AG7 tube may be operated in any pasi-
tlon and is supplied in a T-9 bulb with 8.-pin
lock-in base. Measures 2 25/32” overall and has
a maximem diameter of 1 3/167.

G. E. A-F METER

An audio frequency meter, type YE-5, has been
announced by the specialty division of G. E.

The unit has been designed for use in f-m
and a-m transmitter monitoring, and in manu-
facturing processes. Ancther application for the
meter is in telemetering, where a variable con-
trol is caused to change a frequency.

* " ®

MILLEN 50-WATT
TRANSMITTER-EXCITER.

A SD-watt transmitter-exciter unit, 90800, for
either low-power amateur-band use or as am
exciter for higher power p-a stages, has been
announced by James Millen Manufacturing
Company, Inc., 150 Exehange St., Malden, Mass.
Coils furnished are for 10-meter output with
40-meter crystal. Tubes used are 807 and 6L6.

LI I 1

MICRO-SONIC PHONO PRODUCTS

British-made reeord changers, record players,
and phonograph motors are now being distrih-
uted by the Micro-Sonic Corporation, 44 West
18th Street, New York City.
The record player provides use of 10’ and 127
(Continued on page 72)
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MR. RADIOMAN:

w {Here's How Capitol Radio Can
= Prepare You Now for a Better 1

Job and a Secure Career
3 in Radio-Electronics . . . !

J

Add CREl Technical Training to
Your Present Experience—Then
Get that Better Radio Job You
Want—More Money and Security!

CREI home study training in Practical Radio-
Electronics Engineering equips you with the ability
to go after—and get—a better job in radio-engi-
neering that offers security, advancement and im-
portance.

We are now entering a period where employers can
once again afford to be “choosey” in selecting the best-
qualified men for the impottant jobs to be filled.

In our proved course of home study training, you learn
not only how . . . but why! Your ability to solve tough
problems on paper, and then follow with the necessary
mechanical operation, is a true indication that you have
the confidence born of knowledge . . . confidence in your
ability to get and to hold the type of radio job you want.

CREI courses have been studied by more than 10,000
professional radiomen—so don’t say YOU haven't the,

JUST OFF
THE PRESS!

time. CREI courses are designed to be studied in the

most crowded schedules—without interfering with your - WRITE FOR

present work, yet helping you as you progress lesson FREE 36-PAGE

by lesson. BOOKLET
Now you can read what these typical CREI students "

have to say. They are men who had the initiative to get Your Opportunity

In the New World
of Electronlcs™

started on their own betterment program toward better
jobs and more money. You have the same opportunity.
Tt costs you nothing but a moment’s time to send for
complete details in free book.

“I give CREI full credit for my securing the position as Asst.
Chief Engineer, . . .” —W, H. Meiners, 420507 prove to you we have
“In the past 7 months I have received 3 increases in salary and something you nesd to

a promotion that can be partly creditedcto CREI. ” . jq;.lalify for a better radio

nieht b. To help us intelli-
B. N_ICK'mEht’ 401101 gently answer your in-

“There are many times where what I am studenng in the course quiry—PLEASE  STATE
i, >

Ir yon have had profes-
slonal--‘'or amateur_radlo
experdence’ and want to
make more money, let us

works right in with the immediate problems of my job. . . . lé%]éEMY %%U%ﬁ%%%—
. ' —C. T, Carpenter, 411024 3 o CUEN,DEDUCA’.I‘ION
CREI Training for Veterans is Approved Under the AND. PRESENT POSI-

“G.I1” Bill

CAPITOL RADIO ENGINEERING INSTITUTE

E. H. RIETZKE, President
Dept. CO-4, 16th and Park Road, N, W., Washingten 10, D. C.

New York (7): 170 Broadway Chicago (2): 30 N. LaSalle Street
San Diege (1): 316 C Street San Francisco (2): 760 Market Street
Member: NATIONAL HOME STUDY COUNCIL . NATIONAL COUNCIL OF TECHNICAL SCHOOLS
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_ A ruggedly constructed direct reading laboratory instrument
| specially designed to measure Q, inductance, and capacitance
. values quickly and accurately. Invaluable in selecting proper low
loss components for high frequency applications.
SPECIFICATIONS: —FREQUENCY RANGE: 30-200 mc, occuracy '+ 1%

RANGE OF @ MEASUREMENT: 80 to 1200
Q CAPACITOR RANGE: {1-60 mmf; accuracy © 1% or 0.5 mmf, whichever is groater

Write for Catalog T

At Long Last!

A FOLDED DIPOLE TURNSTILE
F.M.ANTENNA

CHARGER
HCHARCER

1—-VERY BROAD BAND — Incorporales
features of ordinary turnstile with vest
improvemmeni of FOLDED DIPOLE prin-
ciple.

2—PROVED by 4 years actual service in
leading SO X.W. etation.

3--FACTORY PRETUNED— no field ad-
justmenti.

4—LARGE SAFETY FACTOR

5—DESIGNED by high frequency and
Radar ontenna engineers of Zenith
Radic Cerporation.

&§&—COMPLETE ""PACKAGE"” — one com-
pany eupplies everything — And No
Extras 1o Buy.

Phone, Write or Wire

Antenna Tower Depl.

WINCHARGER
CORPORATION
SIOUX CITY 6, IOWA
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THE INDUSTRY OFFERS...—

(Continued from page 71)

records for loading and intermixing; tone-arm
is said to automatically compensate for differ-
ences in diameters.

The Micro-Sonic Corporation i9 an affibate of
the Micro-Lite Company.

Al Gelardin is president of Micro-Sonic Cor-
poration. Rohert Levitt is sales manager.

oW

ZENITH ELECTRIC PROGRAM TIME
SWITCH

An automatic control for radio and recorded
programs application has been announced by
Zenith Electric Company, 152 W. Walton St..
Chicago 10. Tilinois,

Control is embodied in a time switch, type
PR-24, which is said to operate automatically
to periods as close as five minutea throughout
twenty-four hours. It repeats daily.

Unit is enclosed in a steel case 8 wide, 127
high and 4 deep.

EIMAC TRIODES

Multi-element triodes, type 3-150A, have been
announced by Eitel-McCullough, Inc, San
Bruno, California. Tube Is said to incorporate
a new design plate and a non-emitting gnd.

Available in high-mu {3-150A3) or low-mu
(3-150A2) versions.

Characteristics as a-f power amplifier and
modulator, 2-tubes, class B: d-c plate voltage,
1500, 2000, 3000; max.-signal d-c plate current,
per tube, 450 ma; plate dissipation, per tube,
150 watts; d-c grid voltage (apprax.), —65, —90.
—150; peak a-f grid input voltage, 340, 350, 430;
zero-signal d-¢ plate current, 133, 100, & ma;
max.-signal d-¢ plate current, 535, 450, 335 ma;
max.-signal driving power (approx ) 9, 6 3
wattr: cflective load, plate-to-plate, 5700 9600,




20300 ohms, and max.-sighal plate power output,
500, 600, 700 watts.

. %

MASSA SOUND-PRESSURE MEASURE;
MENT STANDARD. .

A sound-pressure measuremernt standard, M-101,
for making: absolute - souhd -pressure measure-
ments throughout the-aidible frequency range
without appreciably disturbing the sound field,
has ' been announced by Massa Laboratories,
TInc., 3868 Carnegie Avenue, Cleveland 15, Ohio.
Vibrating: system is: stiffness-controlled to well
beyond 30 kc. Aeoustic impedanee is said to be
100 times' that of a miniature stretched dia-

phragm.

Size, 5/8" diameter cylinder by 15/16” long.
Resonant frequency, zbove 45 kc. Free field
response, non-directional in all planes to 5 kec.
Sensitivity, 23 microvolts/dyne/cm? sound pres-
sure,

* % *

FINCH FACSIMILE UNITS

Two types of duplex facsimile units, designed
for point-to-point, mobile and other commercial
communication services, have been announced
E_y Finch Telecommunications, Inc., Passaic,

©Ohe of the models, FRS 141-A, is a high-speed
unit which is said to transmit, and receive, at

30,000 words per hour or 2760 square inches
of picture copy. The second unit, FRS 140-A,
is @ medium-speed machine which has a speed
of 9600 words per hour or 91& square inches of
picture copy. This model operates on any
channel which will handle a subcarrier frequency
of L3 kc. 5

Each of the models weighs approximately 75
pounds and measures approximately 167 x 16"
x 127, Both are designed for either 110-volt
60-cycle or 200-volt 60-cycle a-c; 110-220 volt
d-c or battery power.

* * w

WARD LEONARD RELAYS

Relays, 130 series, for heavy-duty applications,
have been announced by Ward Leonard Electric
Co,, Mt. Vernon, N. Y,

Contact arrangements are available from one
to four poles, normally open or normally closed,
single or double throw. Operating voltages for
d-c relays are from 6 to 230 and for a-c from
6 to 440,

Relay contaet ratings for d-c are 25 amperes,
0-24 volts; 3 amperes, 25-125 volts; 1 ampere,
125-230 volts. Contact ratings for operation eon
a-c 60-cycle circuits are 25 amperes, 0-250 volts;
15 amperes, 250-440 :’olfs's

RAYTHEON 2-WAY AIRCRAFT UNIT

A 2.way personal plane transmitter/receiver

with a fixed tuned v-h-f channel on 75 mc for

receiving fan and Z markers, and continuous

coverage from 195 to 410 k¢ and 540 to 1600 L,

has been developed by the Belmont radio divi-

sion of Raytheon. Weight of the transmitter
(Continued on page 76)

VERTROD'S

fourteen models of ’

a model for every purpose —

production.

faith with our old customers, and ready
to make new friends by producing the
finest antenna known to radio, using
the same, or better, quality and quan-
tity materials and laboratory tests, on
each antenna, without raising our prices

above 1941 pre-war prices.
Write to Dept. 4515,

1

ANTENNAE

are in
We are keeping

S During RADI0 PARTS SHOW — May (3 to 16— visit ouy

oxhiblt at the GCongress Hotel, oppesite the Stovens.

VERTROD corpr

60 EAST 42nd ST.

NEW YORK 17, N. Y.

r
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A CORDIAL
INVITATION

RMA

NATIONAL PARTS

STEVENS HOTEL
CHICAGO—MAY [3-14-15

See SUPREME’S

NEW LINE OF POST-WAR

RADIO, TELEVISION and
ELECTRONIC TEST EQUIPMENT

Supreme Engineers,
Technicians and Sales-
men will be on hand to
show the line and answer
all questions.

2

TO ALL

Representatives
Manufacturers
Servicemen

Distributors

WELCOME TO

BOOTH 101

SHOW

sUPREME

SUPREME INSTRUMENTS CORP.
GREENWOOOD, MISS.
U. S A,
Export Department
THE AMERICAN STEEL EXPORT CO., Inc
374 Madison Ave, New York 17, N Y.
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FREE |

Copy!
RADIO SETS
AMPLIFIERS

RADIO PARTS

ELECTRONIC EQUIPMENT

Your copy of the complete, new Concord Cara-
log is ready! It offers you the greatest selection
of guaranteed quality RADIO SETS, PHONO-
RADIQS, RADIO PARTS, TEST INSTRU-
MENTS, BOOKS, TOOLS, AMPLIFIERS
AND ACCESSORIELS, AMATEUR KITS AND

SUPPLIES . . . page after page of post-war-
engincered equipment and paris you have long
beenwairing for. Allstandard, top-quality lines.
Thousands of items. Money-saving prices. See
the thrilling MULTIAMP Add-A-Unit Ampli-
fiers, brand pew in the field, with sensational
new flexibility, fidelity and power — EXCLU-
SIVE with CONCORD. Your copy is ready...
and it's FREE. Rush this coupon today.

§ ']
RADIO CORPORATION
LAFAYETTE RADIO CORPORATION -
CHICAGO 7 ATLANTA 3
201 W. JACKSON BLVD. 265 PEACHTREE 5T.

Concord Radilo Corporation, Dept. R-46
901 W. Jackson Blvd , Chicago 7, 111.

Yes, rush FREE COPY of the comprehenslve
new Concord Radlo Catalog.

at a saturation level. There was a single
very broad band i-f transformer at 5.4
megacycles in the mixer plate circuit.
The discriminator amplifier was operated
class A4 to avoid the spurious center fre-
quency change encountered when limiting
is used at the discriminator amplifier grid.
The discriminator itself was a modifica-
tion of the commonly used double-tuned
circuit with two diodes, each one con-
nected to rectify the sum of the primary
voltage and one-half the secondary volt-
age, However, the structure of the more
conventional discriminator was modified
in such a way as to facilitate monitoring
the frequency directly without d-c ampli-
fication.

The increase in operating frequency
called for redesign of the {frequency
multiplier and mixer sections with
minjature tubes indicated for the high-
frequency stages.

The most difficult requirement was the
one calling for extremely low audio dis-
tortion and noise level. It is desired to
be able to indicate transmitter noise as
low as 70 db below 100% modulation and
transmitter harmonic distortion less than
¥ %. These considerations led to specify-
ing an inherent noise level for the moni-

BROADCAST CONFERENCE

(Continued from page 68)

Members of the f-m menbitor & podnn, loft to
right: H. Summerhayes, l{? C. Higty,
James R. Day, and D. B. Sinelsir,

tor not to exceed -75 db and a total
harmonic distortion not to exceed %4 %.

The noise specification can be met with
the tuned discriminator as far as audio
noise due to power supply ripple is con-
cerned.

The specification of 0.25% on allowable
total harmonic distortion includes distor-
tion due to non-linearity of the diserim-
inator detection characteristic as well as
distortion produced in the audio amplifier.
It was decided that 0.15% for the dis-
criminator and 0.1% for the audie ampli-
fier would be satisfactory.

A series of tests with the tuned dis-
criminator proved that it was capable of
providing linear frequency modulation
detection with a distortion in the order
of 0.15% and that the amount of detuning
likely to be encountered with the change
in capacitance due to changing tubes
produced negligible effect on distortion.

.. (Summerhayes Paper)
Tuned discriminator for the f-m brosdesst station
monitor.

— I

BAGT

54 MG ==

|-F
SIGNAL

..uunn]

VWAMAAVN

I-F LEVEL
MEASUREMENT L

T

MODULATION

| FREQUENCY

WAVWAWY

B+

.,”l_ﬁl;..
7

~\
II\‘
,|I|J
rreQ.apusT
QISCRIMINATOR

LEVEL
ME ASUREMENT

........

\0d
COMPENSATIDN

O S P S M S S R

74 e

COMMUNICATIONS FOR AFPRIL 1946



TUBE INFORMATION
OR "HE
RADIO INDUSTIRY

APPLICATION
ENGINEERING

DEPARTMENT
No Obligation

‘&'}

ELECTRONIC LORPORATION

REMLER APPOINTED

Agent for

WAR ASSETS

CORPORATION
(Under Coniract No, 59A-3-48)
.« . to handle and sell a wide variety of
ELECTRONIC EQUIPMENT

released far civilian use
Write for Bulletin Z-7D
Remler Company, Lid., 2101 Bryant St., San Francisco 10, Cal.

BEMLEB SINCE 1918

Radlo L Communlcatlons Elecfroniecs

ANOTHER NEWARK STORE!

Located at 212 Fulton St., New York 7, N. Y., another big
Newark Blectrie Company store has been opened to serve your
radio and electronic needs. Stop in at the new downtown New
York store, which is managed by HY Kehu, and you will find
the same competent personnel that has made buylng at other
Newark stores s pleasure,

NEWARK BARGAIN SHEET AVAILABLE
Mail us your name and address and we will send you Newark
Blectric’s famous bargain sheet each month. Write today. Ad-
dress Dept. C of nearest Newark branch,

; ,?Jlumpa ny
" ' disan St
415117 W. A5th St Pew v 5 St 3\:‘":;6“ A
- YUR:I:E&B SAM PONCHER
ADGLI’H

When is a B-L Rectifier
NOT a Rectifier?

When it’s a
SPARK SUPPRESSOR!

Aircraft Servo Motor
manufactured by the
White-Rodgers Electric
Company, St. Louis. A
compact Bl Selenium
Rectifier across the rap-
idly operating relay
contdcts provides an
important safeguard for
pilot and plane by elim-
inating arcing and
its resultant radio inter-
i ference,

Unusual resistance-voltage characteristics make

B-L Metallic Rectifiers ideal for overcoming

& RAPID WEAR OF CONTACTS

® RADIO AND TELEPHONE INTERFERENCE
® DAMAGING OSCILLATORY SURGES

@ CORROSIVE OXIDATION

The above example is only one of many applica-
tions where the unique characteristics of B-L
Metallic Rectifiers have offered an ideal solution
to an unusual problem.

Whether similar or entirely different problems
confront you in the performance or operation of
electrical and electronic equipment it will pay to
investigate the ability of B-L Rectifiers to meet
your needs.

-Unusual electrical characteristics plus long life
and compact construction make B-L Rectifiers
ideal for many applications not ordinarily associ-
ated with their name.

METALLIC
RECTIFIERS, SULPHIDE

SINGE 1923

THE BENWOOD-LINZE COMPANY

1815 LOCUST STREET ST. LOUK 3, MO.
Long Distance Telephone CEntral 5830

Designers and Manufacturers of Selenium and Copper Sulphide
Metallic Rectifiers, Battery Chargers and DC Power Supplies
for practically -every requirement,
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MODEL 78
SIGNAL GENERATOR

SPECIFICATIONS:

CARRIER FREQUENCY RANGE: 86 10 108 megacycies—individually calibroted dial.
OUTPUT SYSTEM: 1 to 100,000 microvolts with negligible carrier leakoge.
OUTPUT IMPEDANCE: Constant at 17 ohms,

MODULATION: 400 cyde internal oudio oscillator. Deviation direcity calibrated in
two ranges: 0 to 30 kc. and O to 300 ke.

Can be modulated from external gudio source.
Audio fidelity is fat within two db from d.c. to 15,000 cydes.
Distortion is less than 1% ot 75 ke. deviation.

PRICE: $300.00 F.O.B. Boonton, New Jersey PROMPT DELIVERY

MEASUREMENTS CORPORATION

BOONTON NEW JERSEY

76

PAR-METAL. .. a specialized manufacturing

plant employing modemn high-speed methods.

Nevertheless, Par-Metal products have a defi- Serving the
nite quality of Craftsmanship—a “handmade” Electronics
quality born of genuine skill and long Field
experience. Write for Catalogue. Exclusively

PAR-METAL rrooucrs corroration Cxpart Depn

32-62—49¢h STREET . . . LONG ISLAND CITY, N. ¥. SPYITTEATR?
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THE INDUSTRY OFFERS...

(Continued from page 73)
and receiver is 14 pounds. Dimensions are:
5" .high, 5 1/4” wide, 14 1/4*" deep.

A loop astenna may be added to provide radio
d-f pavigation. Transmitter (l4-watts) opera-
tion is on the standard private-aircraft fre-
quency of 3105 kc.

LI

FAIRCHILD TRANSCRIPTION TABLE

A studio-transcription table, 524, featuring a
two-speed drive, direct through worm and gear
at 33% rpm, has been anpounced by the
Fairchild Camera and Instrument Corporation,
Jamaica, N. Y. A 78-rpm speed is secured
through a ball-race mechanism which operates
in light oil in a dust-proof housing. Change of
speeds is accomplished by pulling up or pushing
down a shift pin protruding above the record,
irom the hollow turntable shaft. This can be
done without shutting off the motor.

The drive and 1800-rpm synchronous motor,
connected by a rubber coupling, are mounted
in 2 heavy casting in the base of the cabinet.
The linkage between the drive and turntable
i3 a hollow shaft with mechagical filters to
reduce transmission of vibration from the motor
or drive to the turntable,

4 *

NILSSON PIPE LOCATOR

A transmitter-receiver system, developed by
Hugo Wahlquist of the Cathodic Protection
Drivision of Ebaseo Services, for location work,
has been announced by the Nilsson Electrical
Laboratory, Inc., 103 Lafayette Street, N. Y,
13, N. Y.

Transmitter measures 47 x 54 x 6’ and
weighs 4 pounds. Receiver measures 3 x 7
x 8 and also weighs 4 pounds.

Pt
gt

% % &

COLLINS AIRCRAFT TRANSMITTER

A 100-watt aircraft transmitter for 3105-ke and
6210-ke voice operation, 17E2, has been produced
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, Latest Bargain Flyer in-
F R EE cludes test instruments,

® record changers, commu-
nication receivers, ham transmitting tubes
and many other electronic items you need
today. Big rew catalog coming! Get your
name on our list!
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‘?y the- Collins Radio Company, Cedar Rapids,
owad,

Designed for executive type planes, Trans-
mitter is standard 1 ATR size. Weighs 44
pounds,

Circuits are pretuned. A single switch selects
the transmitting frequency. :

e

* R o®

LEWIS HIGH-FREQUENCY BEAM
TETRODES

A 150-watt beam tetrode, AT-430, has been an-
nounced by Lewis Electronics, Inc., Los Gatos,
California, division of Aireon.

Filament voltage is 5; current, 7 amperes.
Filament is of heavy thoriated tungsten. Maxi-
mum values for class “C’ amplifier, not
modulated: plate voltage, 4000; plate current,
225 milliamperes. Tube will operate to 120
megacycles at full power,

s a jumbo 5-pin metal sleeve hase and a
top plate connection. The plate of the tube is
molybdenum, zirconium coated, Overall length
of the tube is approximately 6 1/4, diameter

approximately 2 3/4';, .

CANNON LOW-LEVEL
SOUND CONNECTORS

Multi-contaet connectors, type XL, plug and
receptacle, for Jow level sound uses, have been
announced by Cannon Electric Development Co.,
3209 Humboldt Street, Los Angeles 31, Cali-
fornia.

Size: 2 3/32" overall length, maximum dia-
meter of 5/8°. Two-plug types, 0.0792 and
0.0992 pound. Has polarizing means, similar to
AN and K aircraft connectors. Three 15-ampere
silver-plated brass comtaets in phenolic insert
to accomodate No. li sﬁra‘rilded wire.

MERIT TRANSFORMERS

A line of replacement transformers, including
audio, power and fikker choke models, has been
announced by the Merit Coil and Trans{ormer
Corporation, Chicag‘!:r=E IL!. *"

MOTOROLA PRIVATE AIRCRAFT
RECEIVER

A 3-band receiver-transmitter for private air-
craft has heen developed by Donald H. Mitchell,
of the Galvin Mfg. Corp., Chicago, Tl
Features are: Beam reception by push-but-
ton; automatic reeling antenna; beacon band
(200-400 kc), broadcast band (535-1620 kc), and
75 megacycle marker band, (both Fan and
“Z" markers can be heard comcurrently with

drop loop, statically shielded and remotely
controlled with control and azimuth indicator
"on radio set panel ; loudspeaker or headphone
reception on all three bands.

Transmitier, 10-watt type; lip microphone
attached to head set; remote push-to-talk
transmitter button on stick or wheel. Trans-
mitter, receiver and power supply in ome unit.
Size 434" x 6" x 944" deep. Weight 12 pounds.

Entire radio equipment weighs 21.34 pounds.
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The Clarostat postwar catadog
No. 46 positively lists the outstand-
ing selection of resistors. conirols
and resistance devices for your
ecquipment building and ‘mainte-
nance jobs, such as:

ATTENUATORS
POWER RHEQSTATS
GLASOHM RESISTORS
VOLTAGE REGULATORS
METAL-TUBE RESISTORS

CONSTANT-IMPEDANCE
CONTROLS

WIRE-WOUND POTENTIOMETERS
COMPOSITION POTENTIOMETERS
POWER RESISTOR DECADE BOX

ETC., ETC. :

% Ask for CATALOG ...

Ask your jobber for your copy. Order your
requirements from him. Or Y you prefer,
write us for the catdlog.

TR

N. 6t St., Brooklyn, K.Y,

17



PRINTED ELECTRIC-CIRCUIT PROCESS

HE development of a pruted
electric-circuit process through
the use of a silver paste printed
or stenciled on steatite ceramic, hred
at high temperatures for firmt bond-
ing, was recently announced by Cen-
tralab. Developed during the war fo1
the radio proximity fuze, the process

Comparison of an amplifier built by the customary
method and the printed cireuit method,

provides for the construction of sub-
miniature equipment.

The silver paste applied to the
steatite 18 composed of ~ilver oxitde or
finely divided silver in combination
with binders and solvents. Application
is completed by means of the silk
screen process. [he screen uses a
photosensitive emulsion coated onto a
hne mesh silk. The screen is stretched
tightly on o sturdy wood or steel

AMPLIFIER
INPUT

frame. The paste is forced through
the mesh silk with a neoprene bar. The
actual pattern of the screen is produced
by prcparing an accurate black and
white transparency pattern negative.

After application of the silver pastc
to the ceramic, the plates are placed in a
furnace and heated te 1300 to 1500° F.
This heat burns off the solvent and
binders used to make the silver paste,
leaving the pure silver leads or wiring
adhering to the steatite with a tensile

Typical circuit used for printed amplifier.
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Electronic Redearch & Mlg. Corp.
A Service to INDUSTRY

‘T2 FREE CATALOG

Radio parts, test equipment, P.A, accessories, amateur
supplies, technicol books. Send today for your free
copy to Dept. C-A.

RADIONIC EQUIPMENT CO.

“Choncellor Rodio”

DEVELOPMENT AND CONSTRUCTION
OF ELECTRONIC EQUIPMENT FOR ANY
APPLICATION

170 NASSAU STREET, NEW YORK 7, N. Y

Write or telephone for a discussion of your problem—
without obligation.

1420 East 25th Street, Cleveland 14, Ohio
SU, 1958

World’'s Largest Manufacturer of
Wireless Telographic Apparatus

COMPLETE CENTRAL OFF!CE EQUIFMENY

McElroy Manufacturing Corp.

82 Brockline Aveane « Boston, Massachusetts

Latest developments in radio and elec-
tronic parts and devices, newest "Ham"
gear, "Gadgets" 1o delight the experi-

RADIO INSTRUCTORS

Receiver Servicing Experience. College Degree Preferred. $3600 a
year to start. $4200 after four months, Work in the beart of the
Radio Industry. Write Raleigh G. Dougherty, 158 Market Street,
Newark 2, New Jersey, c/o New York Tecbnical Institute of New
Jersey.

menter, bargains in war surplus

goods, all in new catalog for you. 1

BURSTEIN-APPLEBEE CO.,
1012 McGee, Kansas City 6, Mo.

Send me FREE new B-A Catalog. com
{ AM

STATE CONNECTION IN INDUSTRY

CATALOG
FREE

NAME
ADDRESS

CRYSTALS
EXCLUSIVELY

SINCE
1934

TOWN

STATE

'————-—-—-

PETERSEN RADIO CO., Council Bluffs, lowe
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strength of approximatety 3,000 pounds
psi. :

The resistors are produced by spray-
ing a paint consisting of a conducting
material, a filler and a binder, through
masks. A resistance range of from 3
chms to 200 megohms can be obtained.

Maximum Dependability

ADVANCE

SERIES 6000

MIDGET TELEPHONE TYPE
A. C. or D. C. Relay

Used in AIRCRAFT REMOTE CON-

TROL, RADIO and RADAR for

maximum dependability and mini-

mum size with these special fea-
tures:

¢« HIGH VIBRATION RESIST-

ANCE to 12G at 100 milliwatts

D.C. in coil.

DOUBLE CONTACTS on each

blade, which gives double the as-

surance of good contact. Platinum
silver alloy contact material, rat-

ing 1.5 amperes at 115 volts A.C.

LLOW OPERATING POWER of 60

milliwatts on D.C. or approx. 4

watts A.C. Coil resistance 1 to

10,000 ohms.

MIDGET SIZE, 1”7 x 134" x 14”7,

25 oz. (Type 6004, D.P.D.T.) i ) L.

' 'wo steps in the fahrication of the printed circuit

. ::)3!?,;‘ L:: E]]Eu]()Ps‘e:‘oa.geEtg;:}I?n': u;‘;f ;Em:liﬁex?;s ;ﬂaten with sil%?i';l lgadupscreened and

" resistors added.
tion, varnish vacumm impregna-
tion, second varnish dip and
baking., -
You Need an Advance Telephone
Type Relay for — .

e HIGH UNIT PRESSURE of small,
hemispherical contacts, no waste
contact area.

e« POSITIVE MECHANICAL

ALIGNMENT of armature to core,

of contact to contact.

PIVOT BEARING HINGE be-

tween armature and frame as-

sures minimum of friction—max-
imum life.

SWITCHING CAPACITY from

single pole single throw to 4 pole

double throw.

« OPERATING POWER moder-

ately low.

TRUE ECONOMY OF DESIGN,

correct materialsused where

needed, excess eliminated, no
waste space.

See our display booth #140, RADIO
PARTS AND ELECTRONIC EQUIP-
MENT CONFERENCE AND SHOW,
Chicago, Illinois, MAY 1946.

Catalog with complete description

and prices will be sent by return Air

Mail by —

ﬁdvap:eﬁe/a/:

Curve of plate-amplifier gain.

(SdD ABNINDIWS

s\
\‘ “A Non-algebraic

Method for solving
Electrical Network Problems

ELECTRICAL NETWORK
CALCULATIONS

By DONALD E. RICHARDSON

Senior Physicist, Armour Research Foundar
tion of Illinois Institute of Techmology

Eleetrical network problems can now be
solved by simple arithmetic! Here's the book
which tells you bow, It comtains a clear,
authoritative exposition. of a new, quick,
direct method wbich reduces greatly the
amount of work necessary to obtain the
numerical results. Fully-worked examples
illustrate every problem-type.

With the aid of ELECTRICAIL, NETWORK
CALCULATIONS, all you need do is tabu-
late the values of the electrical quantities
according to a prescribed form; the solutions
are obtained by performing a series of sim-
ple arithmetical operations with these tabu-
lated quantities. This method has other ad-
vantages, too . . .-

It’s comprehensive—covering the widest
range of electrical problems, for both
AC and DC networks.

It’'s adaptable—suited to pencil-and-paper
computation as well as computation with
slide rule or machine.

It saves time and effort—by eliminating
the use of algebraic, and complex num-
ber calculations, and by vastly curtailing
the number of arithmetical operations
necessary.

it’s direct and easy to apply—Hundreds
of fully-solved sample problems show
every step in the application of this
simple, efficient method to both DC and
AC networks.

BRIEF OUTLINE of CONTENTS

Kirchhoff’s First Law . Kirohhoff's Socond Law .,
Tabular Solution of Algebraic Equations , Tabular
Solution of Elestrleal Networks , Methods fer
hecking the Acouracy of Reduction , The Zeros
Initial Tabulation . Solutions nvolving the Use
Goneral-path Currents , Changes in the e.m.f.'s
a and Mesh-Transfer Cenductances. ,
Equivalent Networks , Equivalent Resistancs of
Registance Combinations , Point-to-polnt Voltage
Drops, Currents, and Resistances , Problems having
K Cuwrrents Glven , Solutions Proceeding from a
List of Branch e.m.f.'s and Resistanees ., Changes
n the Resistance of a Sinple Branzh . Tahular
Solution of AC Networks . Equivalont Impedance
¢f Impodance Combinations and Equivalent AG Net-
works o Inductive Coupling » Enulvalent Tabuls.
tions for Multi-winding Transformer Netwerks im
Terns of Equivalent Short-Circuit Reactances,

-]

Dumhéu ol:th binding
Send for Abnlaﬁufg_sl‘:;m
your copy
NOW! $5.75
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batew e obtan COMPANY, Inc.
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NEW
IMPROVED
MICROPHONE
PLUGS & JACKS ELIMINATE
NOISE - SHORTS - LEAKAGE

MODEL M-151

Female connector. Solid silver plated con-

tact, coupling can be removed completely
for soldening,

MODEL M-161
Chassis mounting,
solid silver plated con-
tact. Milled fat, pre-
vents turning in
chassis.

MODEL M-180

Phono Flug, mates M-150 or
M-151 for insertion in stand-
ard phono jack.

MODEL M-152
Solid silver plated
contacts douhle fe-
male with coupling
nuts.

MODEL M-1%
Solid silver-plated
contacts, douhle

male, mates M-151
or M-150.

STANDARD MICROPHONE
JACKS AND PLUGS

MODEL M-170
Mates with Model
M-151 and M-150

Standard solder contacts,

MODEL M-160
Chassis mounting—

standard solder con-
tact. ling  mates

M-160-161.

MODEL M-151
Double female coup-
M-170,

MODEL M-150
Standard solder contact mates with models
M-170, M-161, M-160.

;S ELECTRONICS €02 :

A\IL BROOKLYN 3. NEW \ﬂl[
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SYLVANIA ELECTRIC PRODUCTS, INC....... 3
Agency: Nowell-Emmell Company

TAB L. ien e 38

TECH LABORATORIES .........cccvvninianenns (1]

Agency: Lewls Advertialng Agency

THOMAS &. SKINNER STEEL PRODUCTS
COMPA
Ageney : The Celdwell-Baker Company

TRANSMITTER EQUIPMENT MANUFACTUR-
ING COMP AN L INGo e caes Cever
Aneney: A In Company, Ine.

TURNER GOMFANY ......................... 87
Agency: The W. D. Lyon Company

UNITED TRANSFORMER CORPORATION.. .. . 5
Agency: Rhappe-Wllkes Ine.

D. VAN NOSTRAND COMPANY......... .. ... 7%
Agency: J. M. Hlckerson, Inc.

VERTROD CORP. .....ivnivrniiiiiinennnn. 73
Agency: Mltchell Ade, Agency

WESTERN ELECTRIC COMPANY............ 12, 13
Agency: Newell-Emmett Company

WILCOX ELECTRIC COMPANY................ 28
Agency: R. J. Potts-Calking & Holden

WINCHARGER CORPORATION ...... [ 72

Agency: Critchfleld & Company

ZENITH OPTICAL LABORATORY.............. [1
Agency: H. J. Gold Company
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50 T
CYCLES TO
‘5
MEGACYCLES
| DIRECT
READING

HIS wide-range beat-frequency oscillator has a number of novel
T circuit arrangements which make it very valuahle for use not

only as a general-purpose laboratory oscillator but alsé for test-
ing all sorts of wide-band circuits and systems.

1. The wide ranges are obtained with a single control kneb and

FREQUENCY CONTROL a two-position range selector switch.
" AND CALIBRATION 2. The output voltage, by means of an a-v-c¢ circuit, is held

constant within = 1.5 decibels over the eatire range.
The main dial is direct reading on

two approximately logarithmic scales

w

. Frequency drift is held to a very small value through care-

| for 50 cycles to 40 kilocycles and 10 fully designed thermal distribution and ventilation systems.
kilocycles to § megacycles. The in- . L. L. .

| cremental frequency control (above) is 4. Any 1smﬁll drift regmmmg may be eliminated by resetting the
calibrated between — 100 and - 100 oscillator to zero beat.

cycles and — 10 and + 10 kilocycles 5. A degenerative amplifier minimizes hum and distortion and
for the two respective ranges. Any

frequency change made with this dial also equalizes the frequency response
is added algebraically to the reading of
the main dial.

o

. The output voltage is measured by a vacuum-tube voltmeter
across the output terminals.,

The calibration may be standardized 7.
at any time, by setting the instrument

to zero beat wich the zero adjustinent, F . .. N T,
i or takin ivit rvi
to wichin § cycles on the low range g selectivity curves on tuned circuits over a wide range

. f frequencies this oscillator is especially useful in that these measure-
d 500 h . 0 ' Y !
and 500 cycles on the high range ments may be made very rapidly and accurately through its use.

One output terminal is grounded,

Type 700—A Wide-Range Beat-Frequency Oscillator. . . . $555

Write for Bulletin 992 for Complete Data

GENERAL RADIO COMPANY e

90 West St., New York 6 920 5. Michigan Ave., Chicago 5 1000 N, Seward St., Los Angeles 38
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