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NEW BEAUTY. . . Through Striking Modern Design 

NEW DEPENDABILITY. . . Through Simpler Circuits 

in RAYTHEON'S 
250 WATT 

AM TRANSMITTER! 
HERE IS AN UNSURPASSED transmitter 
design for the 250 Watt station ... un- 
surpassed in modern styling- unsur- 
passed in engineering excellence. Its 
very presence in your station will add 
distinction and a "showplace" air. And 
the signal it puts on the air -clear, full, 
dependable -will do credit to the pro- 
grams you present! 

Every factor that can influence trans- 
mitter performance was carefully taken 
into account by Raytheon engineers in 
perfecting this new design. It is be- 
lieved that this Raytheon 250 Watt 

equipment contains inherent superiori- 
ties that have never been available until 
now. 

Before you select any transmitter, 
whether for replacement or new instal- 
lation, you will be wise to get all the 
facts. Write or wire for our specification 
bulletin, fully illustrated, with com- 
plete technical data. Deliveries now 
being made. 

COMING! A complete line of Raytheon 
high -powered AM Transmitters, FM Trans- 
mitters and speech input equipment. Watch 
for announcements! 

RAYTHEON MANUFACTURING COMPANY 
Broadcast Equipment Division, 7517 No. Clark Street Chicago, Illinois 

DEVOTED TO RESEARCH AND MANUFACTURE FOR THE BROADCASTING INDUSTRY exCe14ftCe G!2 64G4oniCÖ1 
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Langevin Audio Transmission Facilities are designed and built 

to have the extended frequency response, noise and distortion 

levels required in the F.C.C. Regulations for FM transmission. 

In complying with these regulations too much emphasis can- 

not be placed on the quality of the transformers that are a part 

of the audio system. Noise, for instance, is largely associated 

with the input transformers -distortion, with the output trans- 

formers -and frequency response with both. Therefore, the 

transformers in Langevin equipment are manufactured by us- 
and are held to a specified tolerance -so that frequency re- 

sponse, noise and distortion levels of the entire system are 

well within requirements. 

AT LEFT. Two Langevin Type 111 -A Dual Pre- Amporlers and one 

Langevin Type 102 -A Amplifier on a Type 3 -A Mounting Frame. 

This unit provides four pre -amplifiers and one line amplifier, or 

three pre -amplifiers, one booster amplifier and one line amplifier, 

all occupying 101/2 in. of rock mounting space. An external power 
supply, the Langevin 201 -B Rectifier, as shown below, is required. 

The Type 3 -A Mounting Frame can be housed in a Type 201 -A 

Cabinet, for wall mounting, if desired. 

The Type 106 -A Amplifier Is a two -stage, fixed medium gain, 

low noise pre -amplifier, or booster amplifier, for use in high - 

quality speech input systems. The Type 106 -A can be mounted 

on one -third of the space available on a Type 3 -A Mounting 

Frame in combination with two Type 1 1 1 -A Pre -Amplifiers, or 

in any similar combination. 

The Type 201 -B Rectifier supplies plate and filament power 

for the Langevin Types 102, 106, 111 and similar amplifiers 

from a 105 -125 volt, 50 -60 cycle AC source. The ripple voltage 

of the 201 - B Rectifier is 0.04' at full power output 75MA 

and 0.02'A at a drain of 30 milliamperes. 

Wa4111 y o cCartiotevIA eaizebil e id . 

The Langevin Company 
SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING 

NEW YORK SAN FRANCISCO LOS ANGELES 

37 W. 65 St., 23 1050 Howard St., 3 1000 N. Seward St., 38 
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LEWIS WINNER, Editor 
F. WALEN. Assistant Editor 

We See... 
BROADCAST STATION DESIGN AND PRODUC- 
TION, now at the highest peak of activity, 
will continue to speed ahead, and before 
the year is out, score unparalleled rec- 
ords. Such was the unanimous comment 
of executives and engineers at the recent 
Broadcast Engineering Conference held 
in Columbus, Ohio. 

Discussing the increased requirements, 
conferees pointed out that advanced tech- 
niques of development and construction 
achieved in wartime manufacture, will not 
only accelerate equipment, accessory and 
component processing, but simplify their 
operation and maintenance. 

Standardization was cited as one of 
the important wartime features that will 
continue to be applied. The RMA trans- 
mission -line standardization proposed was 
described as an example of this program. 
In this proposal transmission lines would 
have standardized power ratings, surge 
impedances, fittings, voltage ratios and air - 
dielectric sizes. For instance, power rat- 
ings for a %" line would be 3 kw ; 1 %" 
line, 30 kw; 3%" line, 42 kw; and 6%" 
line, 166 kw. 

To improve station operations, groove 
shapes and recording stylii may also be 
standardized. A proposal at the con- 
ference suggested that the present 124, 133 
and 136 -lines- per -inch records with 70° 
and 80° stylii should be standardized to 
perhaps a single- record type with one 
stylus. A suggestion that the transcrip- 
tion stylus be standardized at 3 mils was 
also oñered. The use of one type of 
material to provide frequency standard- 
ization was also proposed; at present 
there are three ... shellac, vinylite and 
lacquer. 

THE TREND TOWARD HIGH -FIDELITY 
BROADCASTS has altered previous design 
formats, engineers declared at the con - 
conference. For with the 15,000 -kc sig- 
nal out of the laboratory stage and soon 
to be applied to many network lines. there 
will be many fidelity transmission factors 
to watch. Distortion will have to be 
geatly reduced over that which was for- 
merly considered adequate. This is par- 
ticularly true in the wide f -m bands. It 
will be more necessary than ever to be 
conservative in modulating f -m transmit- 
ters so as not to exceed receiver limita- 
tions. 

Round -table discussions disclosed that 
such check measures as intermodulation 
will be adopted to determine how low a 
distortion is permissible on the new 
bandwidths. Monitoring facilities, that are 
equal to or better than the high -quality 
receivers now being planned, will be used 
to afford careful policing on the new high 
standards of quality control. -L. W. 
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PACKAGED R. F. RADAR ASSEMBLY 
ELIMINATES DESIGN HEADACHES 

R. F. RADAR UNIT #412 

The DeMornay -Budd packaged R. F. Unit provides a 

complete R. F. assembly for microwave radar. It is now 
possible to obtain as standard items all the microwave 
R. F. components necessary in the fabrication of a com- 
plete radar -- DeMornay -Budd Standard Transmission 
Line Components plus packaged R. F. Unit. 

The R. F. Radar Unit is delivered complete and ready 
to operate. It is wired and contains all the necessary 
tubes and crystals. The unit uses a packaged magnetron 
capable of delivering 20 kw., peak power, at 9375 mc. 
Two type 2K25 local oscillator tubes are provided, one 
for receiver and A.F.C. and the other for beacon opera- 
tion. A type 1B35 A -T -R tube, a type 1B24 T -R tube and 
the necessary type 1 N21 crystals are included in the as- 
sembly. A 20 db. directional coupler permits accurate 
measurements to be made at any time with a maximum 
of convenience and safety. 

Since the use of radar beacons is contemplated in the 
near future, the unit has been designed with a beacon 
cavity and crystal mount. The unit can be supplied with- 
out the beacon cavity and crystal mount and beacon local 
oscillator, and a termination supplied in their place so 

that it becomes a simple matter to convert to beacon 
operation when necessary. 

We offer complete laboratory research facilities and have avail- 
able such production test equipment as: Standing Wave Detectors, 
Calibrated Attenuators, Slug Tuners, Power Supplies, Square 
Wave Modulators, in addition to transmission line components 
shown in diagram above. Write for information or catalog. 

STRAIGHT 
SECTION 

FLAT 90° ELBOW 

90° TWIST 

REFLECTOR 

FEED HORN 

ROTATING JOINT 

MITERED ELBOW 

EDGE 90° ELBOW 90° TWIST R. F UNIT 

R. F. Radar unit #412 (indicated by 
asterisk) used in conjunction with 
standard DeMornay -Budd transmis- 
;ion line components. 

DE MORNAY 

BUDD 
EQUIPMENT 

FOR 

97% OF ALL 
RADAR SETS 

DE MORNAY -BUDD, INC. 
475 GRAND CONCOURSE, NEW YORK, N.11'. 

COMMUNICATIONS FOR MARCH 1946 3 

www.americanradiohistory.com

www.americanradiohistory.com


KAA R "AfAT /NG 

MOBILE FM 

16« aciaieddef An FM Radiotelephone 
with a truly NATURAL 
New KAAR FM radiotelephones offer an improvement 
in tone quality which is suprising to anyone who has had 
previous experience with mobile FM equipment. The 
over -all audio frequency response through the KAAR 
transmitter and receiver is actually within plus or minus 5 

decibels from 200 to 3500 cycles! ( See graph below. ) This 
results in vastly better voice quality, and greatly improved 
intelligibility. In fact, there is appreciable improvement 
even when the FM -39X receiver or one of the KAAR 
FM transmitters is employed in a composite installation. 

KAAR FM transmitters are equipped with instant -heat- 
ing tubes, thus making it practical to operate these 50 and 
100 watt units from the standard 6 volt ignition battery 
without changing the generator. Inasmuch as standby 
current is zero, in typical emergency service the KAAR 
FM -50X ( 50 watts) uses only 4% of the battery current re- 
quired for conventional 30 watt transmitters. Battery drain 
for the KAAR FM -100 X ( 100 watts) is comparably low. 

For full information on new KAAR FM radiotelephones, 
write today for Bulletin No. 24A -46. 

voice quality: 

KAAR LOUD SPEAKER, remote controls for transmitter 
and receiver (illustrated above) and the famous Type 
4 -C push -to -talk microphone are among the acces- 
sories furnished with the equipment. 

IMPROVED OVER-ALL FREQUENCY RESPONSE 

THROUGH KAAR FM TRANSMIHER AND RECEIVER 
Io 

N s 

m 0 

u S 

° Io 

Is 

KAAR FM 

100 700 300 500 1000 2000 3000 
FREQUENCY IN CYCLES PER SECOND 

5000 

KARR ENGINEERING CO. 
P A L O A L T O C A L I F O R N I A 

/KAAR\= 
ENGINEERING 

CO. 
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Presto Cutting Needles 

in a "Trouble- Proof" Container 

at ira expia cwt 

FOR YOUR CONVENIENCE! Presto 

sapphire Recording Needles now come to 

you in a new package, designed for utmost 

needle protection in shipping and handling. 

PRESTO Cutting Needles 

are packed in a Distrib- 

utor's Carton of six. Each 

needle container 
w with boxed 

mailing 
dozen. Keep 

bag. Order a 

in use- (, 
6 in transit. 

NEW! A transparent lucite con- 

tainer keeps Presto Cutting Needles 
safe. Nothing can harm the precision 
ground point and cutting edges. 

TIGHT! This ingenious chuck 
holds the needle tight -no chance of 
damage to the point in shipment. 

SpgC 
!OR '` pOS qCF 

EASY! Just slip used needles (safe 
in their containers) into this handy 
mailing bag and send them off to 
Presto for resharpening. 

FREE! To Presto- equipped re- 

cording studios: a convenient rack 

holding six Presto Cutting Needles, 
with special "point -control" chart 
recording number of hours each 

needle is used. 

RECORDING CORPORATION 

242 W. 55th St., New York 19, N.Y. 

WALTER P. DOWNS, LTD., in Canada 

WORLD'S LARGEST MANUFACTURER OF INSTANTA 

NEOUS SOUND RECORDING EQUIPMENT AND DISCS 
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Time -proved Design! Widest Range of Sizes! 
You get these advantages: (1) Ohmite experience with 
countless rheostat applications. (2) Service -proved 
Ohmite features that assure permanently smooth, close 
control. (3) Extensive range of sizes and types for easy, 
economical selection of the best unit for every 
application. 

There are ten wattage sizes ranging from 25 to 11100 
watts -from 19/6" diameter to 12" diameter -in uni- 
form or tapered winding -in single or tandem units - 
in regular or special designs. Stock models from 25 to 
500 watts, in many resistance values. 

Consult Ohmite engineers on your rheostat control 
problem. 

OHMITE MANUFACTURING COMPANY 
4870 FLOURNOY STREET, CHICAGO 44, U.S.A. 

Ve Rio/a a zá 

Send for Catalog 
and Engineering 
Manual No. 40 
Write on company 
letterhead for this 
helpful guide in the 
selection and ap- 
plication of rheo- 
stats, resistors, tap 
switches, chokes 
and attenuators. 

HMIITI! 
RHEOSTATS RESISTORS TAP SWITCHES CHOKES ATTENUATORS 
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FOR BROADCAST QUALITY, IT'S . . . 

Collins FM research, begun long before the war, went into high gear immediately 
following VJ day. An intensive engineering program is developing a series of FM 
transmitters to cover the power range of 250 watts to 50,000 watts. 

These transmitters will be available, beginning with the 250 watt type 731A in 
midyear, 1946, and the 1000 watt type 732A soon thereafter. 3, 10, 25, and 50 kw 
transmitters are scheduled to follow in rapid succession. 

With typical Collins thoroughness, these FM transmitters are designed to specifi- 
cations well within FCC and RMA requirements and recommendations. 

Notable achievements in circuit design assure efficient and dependable operation. 
Power output can be increased as desired, with a minimum of changes. The styling is 
attractively modern, and will blend well with up -to -date station layout. 

Collins is prepared to supply your FM transmitter and all accessories. Our engi- 
neering staff is available at all times for consultation, and will assist you in effecting 
early installation and operation. Write today, 

Collins Radio Company 
Cedar Rapids, Iowa 

i 1 West 42nd Street New York 18, N. Y. 

o o 
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. . . do you know these 
important performance 

advantages of the 
SHURE Super- Cardioid? 

The improvement in unidirectional operat- 
ing characteristics of the SHURE Super - 
Cardioid Microphone over the cardioid is 
indicated by the comparative pickup 
patterns shown above. 

* Maximum sensitivity (100 %) is 
achieved by sounds entering the front of 
the Microphone. 

* A wide range of pickup is indicated 
by the fact that the Super - Cardioid is prac- 
tically as sensitive as the cardioid at a 60° 
angle. (69% against 75 %). 

* Beyond the 60° angle, the directional 
qualities of the Super - Cardioid become 
rapidly apparent. At 90 °, the Super -Car- 
dioid is 25% more unidirectional. At a wide 
angle at the back (110° to 250 °) the Super - 
Cardioid is more than twice as unidirectional. 

* The ratio of front to rear pickup of 
random sound energy is 7:1 for the Car- 
dioid; 14:1 for the Shure Super -Cardioid. 

For critical acoustic use, specify the Shure Super - 
Cardioid Broadcast Dynamic. 

MODEL 
556A 
556B 
556C 

IMPEDANCE 
35 ohm 

200 ohm 
High 

List price . . . $82.00 

CODE 
RUDOM 
RUDOP 
RUDOR 

Patented by .Shure Brothers 

SHURE BROTHERS 
Designers and Manufacturers of Microphones and Acoustic Devices 

225 W. Huron St., Chicago 10, Illinois Cable Address: SHUREMICRO 
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INCREASE SALABILITY! 

When you build -in a Raytheon Vóltage Stabilizer - 
or offer it as an accessory -you are adding an effec- 
tive sales feature to your own equipment. 

It stabilizes fluctuating voltage to within - - 1/2%. 

Thus it improves the operation, boosts perform- 
ance, steps up the accuracy of wide varieties of elec- 
trical equipment. 

Inquire. There are three models to suit your in- 
stallation or design requirements ... cased, uncased 
or endbell. And if desired, Raytheon engineers will 
design special stabilizers to meet the individual 
requirements of your design. Write for Bulletin 
DL 48 -537. 

RAYTHEON MANUFACTURING COMPANY 
Waltham 54, Mass. 

ELECTRICAL EQUIPMENT DIVISION 

ENDBELL 

MODEL 

Get these principal 
operating advantages: 

Control of output voltage to within 

Stabilization at any load within rated 
capacities. 
Quick response. Stabilizes varying input 
voltage within 1/20 second. 

Entirely automatic. No adjustments. No 
moving parts. No maintenance. 

RAYTH EON 

excetknce in éVéciiioni!''1 
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=. another 
member of the 
NEW TRIPLETT 

S uare. L16- 

MODEL 

2413 
4 

Speed Chek T 
MORE FLEXIBLE FAR FASTER MORE ACCURATE 

Three -position lever switching makes this sensational new model 
one of the most flexible and speediest of all tube testers. Its multi- 
purpose test circuit provides for standardized VALUE test; SHORT 
AND OPEN element test and TRANSCONDUCTANCE comparison 
test. Large 4" square RED DOT life -time guaranteed meter. 

Simplicity of operation provides for the fastest settings ever de- 
veloped for practical tube testing. Gives individual control of each 
tube element. 

New SQUARE LINE series metal case 10" x 10" x 5½", striking two- - 

tone hammered baked -on enamel finish. Detachable cover. Tube 
chart 8" x 9" with the simple settings marked in large easy to read 
type. Attractively priced. Write for details. 

t 

"-addG'eGOnae 

7 
Authoritative tests for 
tube value; shorts, open 
elements, and transcon- 
ductance (mutual con- 
ductance) comparison for 
matching tubes. 
Flexible lever -switching 
gives individual control for 
each tube element; pro - 
videsforroamingelements, 
dual cathode structures, 
multi- purpose tubes, etc. 
Line voltage adjustment 
control. 
Filament Voltages, 0.75 to 
110 volts, through 19 steps. 
Sockets: One only each 
kind required socket plus 
one spare. 
Distinctive appearance 
with 4" meter makes im- 
pressive counter tester - 
also suitable for portable 
use. 

STAND 
ARDS ARE s 

ELECTRICAL INSTRUMENT CO. BLUFFTON, OHIO 
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MPH E 

4 Times Actual Size 

SMISSI®!II r 
N -L EA® RAN 

ELECTRICAL DATA 
Amphenol "Twin- Lead" Transmission Line is 
available in 300 ohm impedance value. RMA 
standardized on 300 -ohm lead -in line for Tele- 
vision as the most efficient over broadband 
operation. fi Amphenol also supplies 150 ohm twin -lead to 
those interested in particular applications and 
experimental work. 
Designed especially for amateurs who operate 
in very narrow bands of frequency or one par- 
ticular frequency. Ideal for dipoles with a 
nominal impedance of 72 ohms at the frequency 
for which they are cut. 

Dielectric constant of Polyethylene -2.29. Capacities (mmf 
per ft.): "300 " -5.8; "150 " -10; "75 " -19. 
Velocity of propagation (approx.): "300 "- 82',',; "150" - 
77'';; "75 " -69r;, 
Power factor of Polyethylene -up to 1000 Mc -.0003 to 
.00045. Attenuation -FM and Television Band. 

Megacycles 
25 
30 
40 
60 
80 

100 
200 

300 -ohm 
DB per 100 Ft. 

0.77 
0.88 
1.1 
1.45 
1.8 
2.1 
3.6 

150 -ohm 75 -ohm 
DB per 100 Ft. DB per 100 Ft. 

0.9 1.7 
1.03 2.0 
1.3 2.5 
1.8 3.4 
2.25 4.3 
2.7 5.0 
4.7 8.3 

t/A 
Greater Signal Strength 

Low-Loss, High Efficiency 

Tops in Weather Resistance 

Amphenol's "Twin- Lead" is a solid dielectric 
line that transmits signals from antenna to FM 

and Television receivers with extremely low 
loss. It's tough . . . inexpensive . . . easy to 
install . . . repels water . . . and is unaffected 
by acids, alkalies and oils because the dielectric 
is Amphenol Polyethylene. 

In temperatures as low as -70 °F. Twin -Lead 
Transmission Line stays flexible and does not 
become brittle after continuous aging in sun- 
light. In such outstanding qualities Amphenol's 
"Twin- Lead" is a wire of exceptional efficiency, 
life and utility. 

AMERICAN PHENOLIC CORPORATION 
Chicago 50, Illinois 

In Canada Amphenol Limited Toronto 

U. H. F. Cables and Connectors Conduit Fittings 
Connectors (A -N, U. H. F., British) Cable Assem- 
blies Radio Antennas Plastics for Industry 
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LABORATORY INSTRUMENTS FOR SPEED AND ACCU 

NEW -hp- DISTORTION ANALYZER 
continously variable over entire AF spectrum 

OUTSTANDING NEW FEATURES 

Corers Audio Spectrum 

Measures Noise as Small os 100 Microvolts 

Linear r -f Detector 

Boll - bearing Frequecy Control Dial 

Nigh Order of Accuracy and Stability 

MODEL 330B 

In the Model 330B Distortion Analy- 
zer, the now - famous Hewlett - Packard 
resistance -tuned circuit is used in con- 
junction with an amplifier to provide 
many new and outstanding advantages. 
Here is an instrument which will meas- 
ure "total" distortion at any frequency 
from 20 cps to 20,000 cps. Thus for the 
first time an instrument which covers the 
audio spectrum is available for distortion 
measurements. The Model 330B will 
also make noise measurements of volt- 
ages as small as 100 microvolts. A linear 
r -f dectector makes it possible to meas- 
ure these characteristics directly from a 

modulated r -f carrier. This feature, 
coupled with the convenience, high sen- 
sitivity, accuracy, stability, and light 
weight which are traditional in all -hp- 
instruments, make the Model 330B 
uniquely valuable for broadcast, labora- 
tory, and production measurement. 

USES 
The flexibility of the Model 330B 

leads to a wide number of applications. 

It may be used to measure the total dis- 
tortion at any frequency of an audio sig- 
nal, or of an audio- modulated r -f carrier. 
It may also be used as a voltmeter for 
measuring voltage level, power output, 
amplifier gain, or for any other use for 
which a high -impedance, wide frequency 
range, high sensitivity voltmeter is de- 
sirable. The frequency selective amplifier 
can be used as an audio -frequency meter 
to determine the frequency of an un- 
known audio signal. The Model 330B 
may also be used as a high -gain, wide - 
band, stabilized amplifier, having a max- 
imum gain of 75 db. 

This new Model 330B Distortion An- 
alyzer is particularly adapted for use as 

an all -round measurement device in the 
broadcast studio and broadcast transmit- 
ting room. Speed and ease of operation 
commend it for laboratory and produc- 
tion testing. Write today for complete 
data, prices and delivery information on 
hp's newest and finest distortion meas- 

uring instrument, the 330B Distortion 
Analyzer. 1156 

NEW MODEL 2016 
RESISTANCE -TUNED 

AF OSCILLATOR 

In FM and other fields whet, 
high fidelity is important, this nrv, 
-hp- Model 201B Audio Frequenc) 
Oscillator will meet every require 
ment for speed, ease of operation, 
accuracy, and purity of waveform 
Outstanding new features include.: 
3 watts output, distortion less than 
I/. of 1%, low hum level, new dial 
with ball -bearing drive, accuratc 
expanded frequency calibration, in1 

proved control of output level. Bt 
cause of its low distortion it is a 

distinguished companion instru 
ment for the new Model 330B Dis 
tortion Analyzer. Write today fo1 
complete specifications on this ncv, 
-hp- Resistance- tuned Audio Os- 
cillator. 

HEWLETT - PACKARD COMPANY 
BOX 1156E 

Audio Frequency Oscillators 
Noise and Distortion Analyzers 

Square Ware Generators Frequency Standards 

. STATION A . PALO ALTO, CALIFORNIA 

Signal Generato t 

Wore Analyzers 
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Attenuators 

Vacuum Tube Voltmeters 

Frequency Meters 

Electronic Tochomters 
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. e . this greatest of test instruments has 

been tested into top ranking reputation 

The Simpson 260 has out -sold and out -performed every other even 

remotely similar test instrument in the electronic and electrical fields 

ever since its introduction in 1939. Through the ensuing seven years, 

covering the War period, circumstances gave it a gruelling test for 

accuracy never visioned by its makers. It stands today as irrefutable 
proof that Simpson design and Simpson quality produce accuracy 
that stays in an instrument year after year. 

The demand for the 260 from men who first used it in the Armed 

Services (in laboratories of 300 government agencies and universities, 
and on the battlefields the world around) has now been added to its 

enormous popularity among radio servicemen. The Simpson 260 is 

easily the world's most popular high -sensitivity set tester for television 

and radio servicing. 
The basic reason for this out -selling and out -performing by the 

Simpson 260 is this: It out -values every other similar instrument in 

the field. You cannot touch its precision, its useful ranges, or its 

sensitivity in any other instrument selling for the same price or even 

substantially more. 

SIMPSON ELECTRIC COMPANY 
5200.5218 W. Kinzie St., Chicago 44, III. 

SIMPSON 260, HIGH SENSITIVITY SET TESTER 

FOR TELEVISION AND RADIO SERVICING 

Ranges to 5000 Volts -Both A.C. and D.C. 
20,000 Ohms per Volt D.C. 

1000 Ohms per Volt A.C. 

At 20,000 ohms per volt, this instrument is far 
more sensitive than any other instrument even ap- 
proaching its price and quality. The practically 
negligible current consumption assures remarkably 
accurate full scale voltage readings. Current read 
ings as low as 1 microampere and up to 500 milli- 
amperes are available. 

Resistance readings are equally dependable. Tests 
up to 10 megohms and as low as 1/2 ohm can be 
made. With this super sensitive instrument you 
can measure automatic frequency control diode bal. 
ancing circuits, grid currents of oscillator tubes 
and power tube, bias of power detectors, auto 
matit volume control diode currents, rectified radio 
frequency current, high -mu triode plate voltage 
and a wide range of unusual conditions which can 
not be checked by ordinary servicing instruments. 
Ranges of Model 260 are shown below. 

Price, complete with test leads $33.25 
Carrying case 4.75 

Volts D.C. (At 20,000 
ohms per volt) 

2.5 

Volts A.C. (At 1,000 
ohms per volt) 

2.5 

Output 

2.5 V. 
IO IO 10 V. 
50 50 50 V. 

250 250 250 V. 
I000 1000 1000 V. 
5000 5000 5000 V. 

Milli- Micro- 
amperes amperes 

D.C. 
IO 

100 
500 

Ohms 

100 0.1000 (I2 ohms center) 
0- 100,000 (1200 ohms center) 
0 -IO Megohms (120,000 ohms center) 

(5 Decibel ranges: -IO to +52 DB) 

ASK YOUR JOBBER 
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T H E C O U N T E R S I G N O F D E P E N D A B I L I T Y I N A N Y E L E C T R O N I C E Q U I P M E N T 

PRECISION ENGINEERING 
ON A MASS PRODUCTION SCALE 

that's the basic achievement of Eimac engineers 
in providing typically outstanding Eimac perform- 
ance in these tiny triodes. Observe the many func- 
tions of the Eimac developed 3X100A11/2C39 tri- 
ode -cross section view. Note actual size shown in 
photo above. 

Designed for special military purposes -these 
tiny triodes will find valuable application in com- 
mercial fields. An indication of their high efficiency 
is their ability to operate on frequencies up to 2500 
megacycles and their high plate dissipation ( 100 
watts) despite the extremely small effective plate 
area -about the size of a clime. 

By developing and improving the performance 
of this tiny triode Eimac has again demonstrated an 
extraordinary ability to accomplish outstanding 
results in Electronic vacuum tube engineering -an 
ability which has established Eimac as first choice 
of leading Electronics engineers throughout the 
world. 

1148 

FOLLOW THE LEADERS TO 

fBES 

1. Parts are Radio 
Frequency brazed in 

final assembly. 

2. Cathode heater. 

3. Terminal arrangement 
for use in cavities. 
Tube elements thus 
become part of the 

circuit. 

4. Precision -engineered 
cathode. 

5. New Eimac hard 
glass to metal seals 

join tube elements in 
a rugged bond -with 
low RF resistance. 

EITEL -McCULLOUGH, INC.,1148FSan Mateo Ave., San Bruno, Calif. 
Plants located at: San Bruno, Calif., /,1A. and Salt lake City, Utah 

Export Agents: Frazar and Hansen, 301 Clay St., San Francisco 11, Calif., U.S.A. 

CALL IN AN EIMAC ENGINEER 
ROYAL J. HIGGINS (W9AIO)...600 South Michigan Avenue, Room 818, 
Chicago 5, Illinois. Phone: Harrison 5948. Illinois, Wisconsin, Michigan, Indiana, Ohio, Kentucky, Minnesota, Missouri, Kansas, Nebraska and Iowa. 
VERNER O. JENSEN, General Sales Co., 2616 Second Avenue, Seattle 1, Washington. Phone: Elliott 6871. Washington, Oregon, Idaho and Montana. 
M. B. PATTE R S O N (WS C I) ... 112 4 Irwin - Kessler Bldg., Dallas 1, Texas. 
Phone: Central 5764. Texas, Oklahoma, Arkansas and Louisiana. 

CAUTION! Look for the latest serial numbers on 
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6. Shield. 

7. Transit time reduced 
by microscopically 

close spacing. From 
grid to cathode: .005 
inches. From grid to 
plate: .022 inches. 

8. Plate dissipation 
(100 watts) is extremely 

high in comparison 
to the small effective 

plate area. 

9. Metal tip -off at the 
top of anode. 

10. Thermal insulation. 

TYPE 3X100A11/2C39 EIMAC TRIODE 
GENERAL CHARACTERISTICS 

ELECTRICAL 
Cathode: Coated unitpotential 

Heater Voltage 6 3 volts 
Heater Current 

1 1 amps Amplification Factor (Average) 100 
Direct Interelectrode Capacitances (Average) 

Grid -Plate 1.95 uufd 
Grid -Cathode 6.50 uufd 
Plate- Cathode 0.030 uufd Transconductance (iB =75 ma., EB =600 v.) (Av.) 20,000 umhos Maximum Plate Dissipation 100 watts 

M ECHANICAL 
-Maximum Overall Dimensions 

Length . 2.75 inches Diameter . 1.26 inches 

FOR RECOMMENDATIONS 
ADOLPH SCHWARTZ (W2CN)...220 Broadway, Room 2210, New York 7, N. Y. Phone: Cortland 7-0 011. New York, Pennsylvania, New Jersey, Mary- land, Delaware and District of Columbia. 
HERB B. BECKER (W6QD)...1406 South Grand Avenue, Los Angeles 15, California. Phone: Richmond 6191. California, Nevada and Arizona. 
TIM COAKLEY (W 1 KKP) ...11 Beacon St., Boston 8, Mass. Phone: Capitol 0050. Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode Island. 
Eimac Tubes. Be sure you get the newest types. 
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STRAIGHT -LINE FEED 
e .. Low Residual Inductance 

Higher Resonant Frequency 

AEROVOX SERIES 1690 

The brand new Aerovox Series 1690 molded -in- bakelite mica capacitor 

is intended specifically for circuits where inductance must be kept at a 

minimum. It is designed for least possible residual inductance, low r.f. 

losses and lower r.f. resistance and impedance. What's more, it provides 

increased KVA ratings for given capacitor sizes. 

Such units can be advantageously applied as blocking capacitors in trans- 

mission lines; as tank capacitors for high- frequency oscillators; as by -pass 

capacitors for ultra- high- frequency currents; and as coupling or by -pass capac- 

itors in induction -heating circuits. 

Exceptional compactness for given KVA ratings; exceptionally -low -loss oper- 

ation; ability to withstand constant duty and heavy overloads -for these and 

other reasons this latest Aerovox development marks a new performance 

standard for severe -service capacitors. 

Rounded hardware - 
round nuts tightened by 
spanner wrench supplied; 
round washers; spherical 
lock nuts. Elimination of 
sharp edges and corners 
that might cause corona 
loss. 

ACTUAL 
SIZE 

Interested? Write for detailed (._formation. Meanwhile, sub- 
mit that capacitor problem for our engineering collaboration. 

FOR RADIO- ELECTRONIC AND 
INDUSTRIAL APPLICATIONS 

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A7 

V(7047- 

Fine threads for terminal 
studs, insuring maximum 
contact and minimum resist- 
ance. 

e Silver plating for all con- 
ducting members, minimiz- 
ing skin resistance. 

Body of XM or yellow 
low -loss bakelite molded 
about mica section for thor- 
ough sealing and extreme 
ruggedness. 

Mica section of carefully 
selected mica and foil. De- 
signed for straight -line path 
for ultra- high- frequency 
currents. 

Several times the size of 
the well -known Series 1650 
bakelite- molded transmit- 
ling capacitors. Dimensions: 
23/4" w. x 21/2" d. x 13 /s" h., 
and 43/4" overall between. 
rounded terminal tips. 

Available in ratings up to 
20,000 volts D.C. Test, or 
10,000 volts operating. Ca- 
pacitance values up lo .001 
mfd. at the highest voltage 
rating. 

SALES OFFICES IN ALL PRINCIPAL CITIES Export: 13 E. 40tb ST., NEW YORK 16, N. Y. 

able ARJA y, In Canada: AEROVOX CANADA LTD., HAMILTON, ONT.,,/ 
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FOR SALE 
SURPLUS GOVERNMENT-OWNED 

USED UNUSED 

WIRE AN CABLE 
D TELEPHONE TELEGRAPH 

EQUIPMENT 
COSTING ORIGINALLY ABOUT 

$2,500,000 
CABLE -Aerial or underground, paper insulated, jute protected, 10-15-30-50-100 - 
400 pairs, etc., submarine, single wire armor: WIRE -insulated, solid tinned copper inside, outside, color coded, twisted pair: TELEPHONE INSTRUMENTS -desk types, wall types, CB and dial, but less dial: MISCELLANEOUS -boards, test; spicers; binding post chambers. 
Listings completely describing the material are now available at any RFC Regional 
Office. Ask for "WA Listing No. L -42, March 13, 1946," which contains detailed information about condition, location of items and how to obtain permission to inspect material at U. S. Signal Corps depot on and after March 20, 1946. This listing also contains an offer -to- purchase -form which must be used for the submission of all bids. 
The equipment and parts are unpackaged (although some cable is on reels) but will 
be packaged after sale, when necessary, to insure safe shipment. All sales will be for 
cash unless credit terms have been arranged. 
All bids must be delivered not later than 10 A. M. March 29, 1946, to the War Assets 
Corporation, 70 Pine Street, New York 5, N. Y., at which time bids will be publicly 
opened and read. The right is reserved to reject any or all bids. 

VETERANS OF WORLD WAR II: To help you in purchasing surplus property from War Assets Corporation, a veterans' unit has been established in each of our Regional 
Offices. 

For Further Information, Wire, Write, Telephone or Call at Address Above or at Any of the Regional Offices Below. 

V 

6Y 
E 

M lSTRATN lduc ád 

t n. if s orm u 

et of Commerce. 

WAR ASSETS CORPORATION 
(A SUBSIDIARY OF RECONSTRUCTION FINANCE CORPORATION) 

RFC OFFICES (INCLUDING FORMER DEPARTMENT OF COMMERCE REGIONAL SURPLUS PROPERTY OFFICES) LOCATED Ab Atlanta Boston Chicago D r Kansas City, Mo. New York Philadelphia San Francisco Seattle OTHER RFC SURPLUS PROPERTY OFFICES LOCATED AT: Birmingham Charlotte Cleveland Dallas Detroit Helena Houston Jacksonville Little Rock Los Angeles Louisville Minneapolis Nashville New Orleans Oklahoma City Omaha Portland, Ore. Richmond St. Louis Salt Lake City San Antonio Spokane OTHER FORMER DEPARTMENT OF COMMERCE REGIONAL SURPLUS PROPERTY OFFICES LOCATED AT: Cincinnati and Fort Worth 

411 
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New This complete new and handy guide for 
proper relay selection. Your copy is ready. 

Clare Type "C" d.c. Relay. For applications , 
where rapid operation and release are required. RES:6'3A.¡Sí:í 

y 
;í.!j sisíYrlL. 

7.wnÁ. 9!±!.1. a LI 9 . 

This New Clare Catalog 
is your guide and data book for 

solving any relay problem 
In this handsome new catalog and engineering data book, Clare gives you 

complete information that will help you solve any relay problem, no matter 
what your requirements may be. 

In these forty -four pages you will find the special features which make it possible 
for CLARE to "custom- build" a relay to fit your most exacting needs. Pictured 
and described are Clare Relays whose precision and dependability has been 
proved by use in many industrial applications. Your copy is ready. Send for it today. 

Whatever your special requirement ... you can count on Clare "custom- building" 
to meet it. Clare sales engineers are located in principal cities. They are ready 
and able to discuss your relay requirements with you ... 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 now. Address: C. P. Clare & 

Company, 4719 West Sunnyside Avenue, Chicago 30, Illinois. Cable address: 
CLARELAY. 

CLARE RELAYS 
"Custom- Built" Multiple Contact Relays for Electrical and Industrial Use 

--^,101 

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

o./ 

Coil core on d.c. relays is solid rod of magnetic iron, 
the ends machined to give an absolutely flat surface. 
One end is drilled and tapped for fastening to heel - 
piece. 

High voltage spring pile -up insulators of special 
heat- treated Bakelite. Have minimum cold flow 
properties, low moisture absorption content. Permit 
punching without cracks or checks. 

Double arm armature assembly of stainless steel 
shaft, operating in a marine brass yoke. Heelpiece,' 
core and armature assembly of magnetic metal. 
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M 
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9 OUT OF 10 

want 
THE PAYROLL SAVINGS PLAN 
CONTINUED! 

Thanks to the cooperation and encourage- 
ment of America's industrial executives, 85 
million bond holders have bought U.S. Bonds 
in the greatest savings program in history. 
Employees who have purchased billions of 
dollars of these bonds during the war now 
want to continue monthly purchases of savings 
bonds. Specific evidence of this desire to con- 
tinue saving for personal security and pros- 
perity through the Payroll Savings Plan was 
recently revealed by a survey which dis- 
closed that 90% wanted the Plan continued. 

Every employer can write in his own set of 
reasons why the Payroll Savings Plan should 
be continued as a part of his personnel rela- 
tions program, but the principal advantages 
are obvious: 

A large reservoir of national sav- 
ings; a strong and stable bulwark 
against inflation. 

An "automatic" thrift habit for 
the worker; to increase content- 
ment and satisfaction in his job. 

\ 
An opportunity for the returned 
veteran to share in the Payroll 
Plan's varied benefits. 

An opportunity for the employee to 
maintain his "share in America" 
with the safest, easiest, most profit- 
able investment he can make. 

Your employees will require little "selling" on the 
idea -they are accustomed to their monthly saving 
habit. With the Treasury Department's savings bond 
program now in peacetime operation, your partner- 
ship is again invited to continue this systematic, con- 
venient means of contribution to a prosperous peace- 
time future. 

The Treasury Department acknowledges with appreciation the publication of this message oy 

COMMUNICATIONS 

This is an official U. S. Treasury advertisement prepared under the auspices of the Treasury Department and Advertising Council 
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Wave Makers 

"A leaping trout awakens the still 
pool to life in waves that move in 

silent rhythm." 

In the same way, when you speak 
over the telephone, vibrating elec- 

tric currents speed silently away 
with the imprint of your voice over 
the wire and radio highways of the 
Bell System. 

Tomorrow, the vibrations will be 

the living pictures of television. All 

are examples of wave motion. 
How to produce, transmit and 

receive electrical wave motion is 

the basic problem of the communi- 
cation art. 

Bell Telephone Laboratories, 
which exist primarily to invent and 

develop better communications for 
the Bell System, devote the teamed 
efforts of physicists and mathema- 
ticians to the production and con- 
trol of electric waves in all forms. 

Out of these fundamental studies 
have come the discoveries which 
keep the Bell System at the fore- 
front of the communication art. 

BELL TELEPHONE LABORATORIES 

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR THE CONTINUED IMPROVEMENT OF TELEPHONE SERVICE 
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TUNING RANGE .54-30 mc. 

The "400" has high 
image rejection, 
high sensitivity, 
low noise level. It 
is designed for weak 
signal reception - 
puts new life in 
your 1 0-meter 
activity. 

The Series 400 postwar "Super- 
Pro" stands by itself, a leader in the field of 

communications. The reason of course is continual im- 
provement in design through years of service under a wide variety 
of operating conditions. The people who know most about receivers 
choose "Super-Pros." 

SEND FOR TECHNICAL DATA 

ESTABLISHED 1910 

THE HAMMARLUND MFG. CO., INC., 460 W. 34TH ST.,NNEW YORK 1, N.Y. 

MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT 
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COMINEICATfiCHS 
LEWIS WINNER, Editor 

* MARCH, 1 9 4 6 * 

Adjusting portable 
navigator preparatory 
to sailing. This unit 
weighs 27 pounds and 

is run off batteries. 

Front view of the 
Decca navigator. Twin 
dials of the decometer 
for direct -position 
readings are at right. 

The DECCA NAVIGATOR 
THE ideal system of navigation 

is one which finds the exact 
position at all times, without 

special highly- trained personnel or 
elaborate equipment. Traditional meth- 
ods depend a good deal on the 
weather, and demand skill and ex- 
perience. The development of radio 
direction finding overcame most of the 
weather limitations, but the results 
took time and skill to obtain and were 
subject to many sorts of errors. 

For wartime purposes, Gee and 
Loran were great advancements, since 
they enabled an unlimited number of 
craft to keep constant track of their 
positions without breaking radio si- 
lence. Another development, the 
Decca navigator, working on the same 
basic principle, supplied additional ad- 
vantages that further simplified posi- 
tion finding. 

One principle is common to Gee 
and Loran, and the Decca system; 
measurement of the difference in time 
for waves travelling from pairs of 
synchronized transmitters. To illus- 
trate, suppose A and B in Figure 1 

are two stations transmitting exactly 

Ex- Squadron Leader of 

by M. G. SCROGGIE 
RAF Volunteer Reserve; at present Consulting Radio Engineer 

in synchronism. Then if a receiver 
on a ship or airplane indicates that 
corresponding waves from both are 
arriving at the same time, the re- 
ceiver must be the same distance from 
A and B. That is it must lie some- 
where on the straight line Ps bisecting 
at, right angles, a line joining AB. 

If, however, a wave from A is re- 
ceived earlier than one starting simul- 
taneously from B. A must be nearer 
than B. As the speed of the waves is 

always the same, the difference in dis- 
tance is calculable from the difference 
in time. The locus of a point having 
a constant difference in distance from 
two fixed points is a hyperbola, such 
as rs. 

To fix one's position on a map it 
is necessary to make a second ob- 
servation, from another pair of syn- 
chronzied transmitters such as A and 
C. If the time difference from these 
indicates, for example, that the re- 

British L -F Radio Direction- Finding System for Instanta- 
neous Positioning Check of Ships and Aircraft, Developed 
by W. J. O'Brien, an American, During the War. Provides 
Fix by Measuring Time Differences Indirectly as Phase 

Difference in Waves Received from Fixed Transmitters 
Radiating Pure C -W. System Soon to Be Installed in 

Major Parts of British Isles and Europe. 
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ceiver lies on the hyperbola tu, then 
its position is at the intersection of 
tu, with the previously found curve, 
rs. To facilitate navigation by such 
a system, maps are overprinted with 
sets of hyperbolae, in colors corre- 
sponding to the pairs of stations. 
There are in general two points of 
intersection for each pair of hyper- 
bolae, but there is seldom much risk of 
their being confused. 

System Differences 

In Gee and Loran, the waves are 
marked by radiating them in pulses, 
which are displayed at the receiver on 
calibrated cathode -ray time bases. As 
the time differences to be measured 
are of the order of microseconds, and 
each pulse consists of a number of r -f 
cycles, the frequency of the waves 
must be high. 

In the Decca system, the time dif- 
ferences are measured indirectly as 
phases differences in the waves re- 
ceived from the fixed transmitters 
which radiate pure unmodulated c -w. 
To illustrate, let us now again refer 
to Figúre 1. Along the line pa the 
waves from A and B arrive in phase. 
At all points, / wavelength nearer A 
(and therefore / wavelength farther 
from B) there is / wavelength dif- 
ference. Thus the two arrive in op- 
posite phase. Another / wavelength 
nearer A there is one whole cycle dif- 
ference, and the two again come into 
phase. The space between any two 
in -phase hyperbolae is called a lane. 
The number of lanes obviously de- 

Figure 1 

Plot of synchronized 
waves used in analysis 
of Gee, Loran and 

Decca systems. 

pends on the wavelength employed. 
Away from the inter -station line, the 
lanes widen out; and the accuracy of 
position finding is reduced by the 
curves from the two pairs of stations 
tending to become parallel. 

To insure accuracy and yet retain 
it in a practical way it is necessary 
to use some means of correctly indi- 
cating the phase difference, in cycles 
and degrees, between each pair of 
signals. Clearly the method must be 

Figure 2 
Decca phase indicator. Amplified sig- 
nal un is fed in phase opposition to 
both pairs of diodes connected as 
phase discriminators. Signal from 
other transmitter is divided into two 
equal parts Ubl and Ub2 in phase 
quadrature (90° ) with one another. 

independent of the amplitudes of the 
signals. The Decca phase indicator, 
shown in Figure 2, affords that 
method. The amplified signal u 
from a transmitter is fed in phase op- 
position to both pairs of diodes con- 
nected as phase discriminators. By 
itself, this signal would give equal and 
opposite rectified outputs, and the in- 
puts to both d -c amplifiers would 
therefore be zero. The signal from 
another transmitter is divided into two 
equal parts, Ubl and Ub2, in phase 
quadrature (90 °) with one another. 

System Operation 

Suppose Ubl happens to be in phase 
with one half of U. (and therefore 
opposes the other half). This upsets 
the balance and causes d -c to flow 
through coils, CI, in the phase indi- 
cator. At the same time Ub2, being 
in phase quadrature with both halves 
of Uaj affects both rectified outputs 
from the other discriminator equally, 
and since their combined result is still 
zero there is no current in coils, C2. 

The moving element in the phase in- 
dicator is a magnetized disc which, in 
the conditions just described, sets it- 
self along the axis of the Ci coils, and 
the attached pointer indicates O. 

If now the craft carrying the re- 
ceiver moves away from the in -phase 
position, the in -phase component of 
Ubi starts to decrease, while an in- 
phase component of Ub2 appears. The 
corresponding changes in the currents 
in the indicator coils cause the pointer 
to start rotating. When the phase dif- 
ference of the second transmitter sig- 

f 

u1 

D-C - 
AMPLIFIER 

L 
D -C 

AMPLI FIER 

1 

PHASE INDICATOR 
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PHASE LOCkED 
SLAVE TRANSMITTER 

MASTER 
TRANSMITTER v- 

..iIiilll0 
*;NNIONDON 3 
41:a,,,, \ems 4 

280 
HAGUE 

270 

PHASE LOCKED 
TRANSMITTE 4¡¡14\ ,',;,,;,,,``` 

$44qh0% \ . .. ,/'`m, 

¡ DECOMETER LANE ,AND SUB-DIVISION INDICATORS 

7.0 80 90 iode 

ALL LANES ARE DIVIDED INTO ONE HUNDRED 
EQUAL DIVISIONS BY THE LARGE POINTERS 
ON THE RED AND GREEN DECOMETER DIALS 

nal reaches 45° Ubl and U62 are both 
45° out of phase with U,. The current 
in Cl and C2 are therefore equal, and 
the pointer sets itself to 45 °, or 12/ 
on the 100 -line scale actually fitted. 
In a similar way, any phase difference 
from 0° to 360° between the two in- 
coming signals is shown. 

To distinguish which lane one is in, 
the indicator is fitted with a train of 
gears, as in a gas or electricity meter, 
connected to units, tens and hundreds 
dials, from which the number of 
revolutions the pointer has made can 
be directly read. 

A duplicate instrument indicates the 
lane and sub -divisions associated with 
the second pair of stations. The two 
indicators are shown in Figure 3, with 
their readings related to a position on 
the map. The charts actually used are, 

Two indicators 
is 

Figure 3 

with readings related to a position on map. For clarity only every tenth curve 
shown (except around Paris) ; thus each space is ten lanes wide. 

of course, on a much larger scale, and 
show every lane. For clarity only 
every tenth curve is shown here (ex- 
cept around Paris). Thus each space 
is ten lanes wide. Even if only the 
lane number on each indicator could 
be relied upon, the position would be 
determined throughout the English 
Channel region within a mile or two. 
But the pointer readings sub -divide 
the lanes by 100 and enable the posi- 
tion to be plotted within a matter of 
yards. 

In developing a practical solution to 
the phase -indicator problem, it was 

ncessary to solve the following prob- 
lem : The phase indicators could only 
work on signals of identical frequency, 
whereas if the transmitters all worked 
on that frequency it was impossible to 
separate their signals at the receiver 
into the channels necessary for feed- 
ing the phase indicators. This diffi- 
culty was overcome by making the 
transmitters, forming a pair, work on 
two different frequencies that have a 

common harmonic frequency. Let us 
suppose that one transmitter (A ) 
radiates 60 kc and another (B) , 80 
kc. These signals are separately ampli- 
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fled in the receiver, and frequency 
multipliers extract the fourth har- 
monic of 60 kc and the third harmonic 
of 80 kc, providing 240 kc in each 
case, to be applied to one of the phase 
indicators. If another station (C) 
transmits on 90 kc, a third amplifier 
in the receiver can be used to deliver 
its second harmonic, 180 kc, while an 
extra frequency multiplier at the end 
of the (A) amplifier supplies the third 
harmonic of 60 kc, also 180 kc, to feed 
the other phase indicator. 

Maintaining Phase Patterns 

The next problem was to insure that 
the phase pattern, of which Figure 3 
is an example, was accurately main- 
tained. This obviously necessitated 
that the outputs from the two trans- 
mitters in any pair be not only on the 
right frequencies at all times, but also 
invariably in phase within about 1°. 
Obviously this is quite impossible if 
they transmit independently. There- 
fore one of them, say (A), is the 
master, and (B) and (C) are the 
slaves. 

The 60 kc transmitter at (A) is 
crystal controlled, and its signal is 
picked up at (B) on a receiver feed- 
ing a frequency divider, providing 20 
kc. This frequency is doubled twice 
to supply the drive for transmitter 
(B). Although its frequency is there- 
by bound to be 4/3 of (A), the phase 
is liable to vary over many degrees 
due to slight changes in the tuning cir- 
cuits and aerial. Therefore a receiver 
installed near (B), extracts the com- 
mon harmonics, 240 kc, from the sig- 
nals put out by the slave and master 
transmitters and applies them to a 
phase discriminator. The d -c output 
from this discriminator is used to con- 
trol a reactor tube associated with the 

drive to the slave transmitter, operat- 
ing on the same principle as automatic 
tuning in broadcast receivers. Trans- 
mitter (C) is similarly locked to 3/2 
of the frequency of (A). 

Chain Frequencies 

The actual frequencies of the chain 
shown in Figure 3 are: 

(A ) 85 kc X 4 _ 340 kc (B) 113.3 kcX3} 

(A) 85 kc X 3 _ 255 kc (C) 127.5kcX2} 

To insure continuity of service, 
duplicate transmitters are automatical- 
ly brought into action in the event of 
failure. 

A continuous stable pattern being 
now provided, it was necessary that 
the indications of all receivers corre- 
spond exactly with it. There were 
two phases to this problem. 

(I) Any resultant phase shifts in the 
receiver, up to the terminals of 
the phase discriminators, must 
be equal for each signal channel 
in any pair so that the readings 
of all receivers agree. 

(2) After being adjusted to satisfy 
(1), receivers must maintain 
this adjustment over a wide 
range of temperature, etc., in 
spite of the fact that each ampli- 
fier contains more than a dozen 
tuned circuits, a drift in any one 
of which will introduce error. 

To satisfy (1) each receiver was 
supplied with a highly stable reference 
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Figure 4 
Block diagram of the 

complete receiver. 

oscillator having harmonics of fre- 
quencies equal to those of the signals 
from all three stations ; for the 60, 80, 
and 90 -kc stations, taken as example, 
an oscillator working on 10 kc would 
be suitable. To be certain that all 
these harmonics would be in phase and 
of similar amplitude, the oscillator was 
designed to give extremely short 
pulses. Thus after the receiver has 
warmed up, the three amplifiers are 
adjusted so that the pointers indicate 
zero on the reference oscillator sig- 
nals. 

The second part of the problem, the 
stability of the receiver, was solved by 
close attention to detail. 

Methods of Lane Identification 

Where there i, a break in operation, 
due to failure of transmitter or re- 
ceiver, or to heavy interference, the 
instrument pointers do not move ; but 
when the signals get through again 
the dial pointers take up their correct 
positions. This property enables the 
set to function when the signal is so 
weak and obliterated by intermittent 
code or atmospheric interference that 
it would be useless for any other pur- 
pose. If, however, operation is in- 
terrupted long enough for the receiver 
to move into another lane, the indi- 
cated lane number may be wrong. To 
overcome this uncertainty, methods of 
lane identification have been devised. 

Reliability 

Because of the use of the longer 
waves, long ranges can be reliably 
maintained. Even with the low power 
transmitters used thus far, it has been 
possible to maintain experimental 
operations over a 1100 -mile area. 

Future Networks 

It is intended to set up chains each 
consisting of one master station and 
three slaves. This arrangement re- 
moves the ambiguity due to double in- 
tersection of curves, and gives a more 
uniform service area. In operation, 
the navigator would be set to respond 
to the transmitters serving the area 
in which the destination is located, if 
they were within range. 

Ultimately it is hoped to cover the 
whole world with a network providing 
position checks that will be accurate to 
within a few hundred yards, 
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BIRD MODEL 63 -A WATTMETER AND 

WIDE -BAND LINE TERMINATION 

10 TO 1500 MEGACYCLE 
Developed and proven under stress of war, this instrument is espe- 
cially suited to equipment having S0 -ohm coaxial transmission 
circuits. Solving the dual problem of power measurement and line 
termination, this constant impedance instrument supplies miter 
readings thru thermocouples while dissipating the r -f energy in 
an ingenious artificial antenna. Power range 1 to S00 walls. 

i 

SWITCH FOR sAXIAL CIRCUITS 

This new switch was developed for airborne radar antenna switch- 

ing. A 50 -ohm device, it maintains a constant characteristic im- 

pedance. To retain LOW standing wave ratios and secure maximum 

transfer of r -f energy, specify "Coaxwitch". Available now, in two 

models; Model 74 for single coaxial circuits; Model 72 -2 for handling 

two lal circuits simultaneously. 

Write for Catalog Pages 

BIRD ELECTRONIC CORPORATION 
FORMERLY BIRD ENGINEERING COMPANY 

Vote/recoteftraelaa el 
1800 EAST 38th STREET CLEVELAND 14, OHIO 
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Figure 1 
Schematic of a 10 -kv 
high -frequency power 
supply, similar to that 
suggested by O. H. 

Schade. 

Television 
THE design of power supplies 

providing d -c voltages of from 
10 to 50 kv for use with tele- 

vision receivers and c -r oscillographs 
presents many interesting problems. 

For voltages up to about 5 kilo- 
volts no serious problems are en- 
countered, for 60 -cycle type power 
supplies can be used. At voltages 
above 5 kilovolts, however, transform- 
ers operating from 60 cycles become 
large, heavy, expensive, and danger- 
ous. In addition, the filament trans- 
formers supplying the rectifier fila- 
ments are subject to high insulation 
resistance qualities, which also make 
them expensive. 

As an alternative means of obtain- 
ing higher voltages, we have the 
method using a high- frequency vfllt- 

Figure 
Detailed view et 
10 -kv tuned r -f step -up 
transformer: A, tickler; 
B, secondary; and C. 

primary. 

Receiver R-F 
An Analysis of the Factors Involved in Production of 10 to 
50 -KV D -C Power Supplies for Direct Viewing and Projec- 
tion Type Receivers and Large- Screen C -R Oscillographs 

by HAROLD C. BAUMANN 
Television Engineering Department 

U. S. Television Manufacturing Corp. 

age generated by an oscillator, 
stepped up by a specially designed r -f 
transformer, and rectified. This sys- 
tem appears to offer a satisfactory 
means of supplying the high voltages 
required, inasmuch as the current re- 
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Figure 3 
Coil for a 30 -kv recti- 
fier: A, secondary; B, tickler ; and C, 

primary. 

quirements are low (250 micro- 
amperes to 1 milliampere). A power 
supply operating on this principle is 
capable of supplying up to one milli- 
ampere within the 10 to 50 -kv range. 
Use of a special rectifier tube such as 
the RCA 8016, which obtains its fila- 
ment supply from induction from the 
oscillator, eliminates the need for an 
expensive filament transformer. 

Only a small capacity (500 mmfd) 
filter capacitor is required. Thus any 
danger of injury from shock is elim- 
inated. 

The basic schematic of a high -fre- 
quency power supply, similar to that 
suggested by O. H. Schade, in his 
April, 1943, paper in the IRE Pro- 
ceedings, is shown in Figure 1. 

. Circuit components will depend 
upon the operating frequency and the 
output voltages required, which in 
turn will be governed somewhat by 
physical size, i.e., space limitations and 
corona considerations. 

The range of operating frequencies 
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Figure 4 
A completed 10 -kv supply for a direct -viewing 
receiver, and associated 60 -cycle power unit. 
Knob at left affords adjustment of voltage be- 
tween 2000 and 10,000 to 11,000. A is the r -f 
transformer; B, 6Y6G oscillator; C, 8016 recti- 

fier; and D, high -voltage output cable. 

POWER SUPPLY DESIGN 
which seem to give the best compro- 
mise as to stability, voltage output re- 
quirements, and physical size are from 
about 50 to 300 kc. The higher -voltage 
coils operate in the lower frequency 
range due to increased spacing re- 
quirements, because of danger of arc - 
aver and also because of lower loss 
requirements prompted by increased 
power dissipation and higher induc- 
tance. . 

In the Figure 1 circuit, L. and L2 

comprise the primary and secondary 
of a tuned r -f step -up transformer. 
LL provides the filament supply being 
coupled to the low potential end of 
L8, and Li is the tickler coil which is 
placed at a safe arc over distance from 
the high potential end of La (for 10 -kv 
coils). The oscillator feed -back then 
takes place from La through L, to Li. 

The use of an oscillator circuit em- 
ploying a grid tickler, Li, is more 
stable than conventional oscillator cir- 
cuits employing self -excitation with 
feed back from the primary. Such a 
self- excited oscillator has an unstable 
tuning characteristic, as pointed out by 
Schade. 

The tuned r -f step -up transformer 
(Figure 2) requires considerable de- 
sign and construction study. The de- 
sign, relative to physical size must 
be a compromise between the best 
posible electrical performance charac- 
teristics versus practical considera- 
tions. Obviously, if this transformer 
were designed for the best electrical 
characteristics relative to copper 
losses, eddy currents, distributed ca- 

pacity, etc., its size would be prohibi- 
tive for standard, equipment use. In a 
compromise design, litz wire and a 
universal type of winding can be 
wound on low loss tubing, providing a 
coil of reasonable physical dimensions 
with suitable electrical characteristics. 
The physical dimensions are governed 
by the secondary winding which, in 
turn, depends upon the voltage and 
current requirements. 

The coil shown in Figure 2, which 
is of the 10 -kv size, has an overall 
height of 4" and a maximum diameter 
of 2/" across the primary. 

30 -KV Components 

A coil for a 30 -kv rectifier is shown 

Figure 
The r -f coil and recti- 
fier doubler arrange- 
ment of a 30 -kv supply 
for projection kine- 

scopes. 

in Figure 3. It will be noted that the 
primary of the 10 -kv coil is located 
at the low potential end of the sec- 
ondary on the same coil form, with 
the tickler winding at the top, while 
in the 30-kv coil, the primary and 
tickler are wound on a separate form. 

The h -f high voltage transformer is 
basically a tuned r -f step -up trans- 
former whose secondary is designed to 
resonate with coil capacitance and di- 
ode load capacitance in order to obtain 
a high impedance secondary. 

Overcoupling 

Overcoupling is used to improve the 
stability of the secondary under load. 

(Continued on page 70) 
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6 DESIGN FEATURES THAT MEAN BIG NEWS IN FM 

OThe circuits that stabilize modulation are com- 
pletely isolated from the direct carrier path, al- 
lowing no variation in the quality of program 
transmission. 

0 
D 

0 

Improved method of direct frequency modula- 
tion and stability of the mean carrier frequency 
is accomplished by an all electronic system. No 
mechanical regulators to wear out of adjustment. 

Mean carrier frequency is maintained within 
close limits of assigned channel, with an imme- 
diate and automatic control circuit employing a 
crystal oscillator. 

Federal's "FREQUEMATIC" Modulator circuit 
has a greater dynamic range of modulation. No 
distortion over the entire range of modulation. 

O 

0 

Utilizing a discriminator circuit, frequency of 
the master oscillator is stabilized to exactly that 
of a standard crystal through a method of fre- 
quency division. The unit has a spare crystal 
readily accessible for instant use. 

Frequency division is accomplished through 
multi -vibrator circuits with stable and rugged 
mechanical as well as electrical characteristics. 

Federal 
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HERE'S THE 

B I G NEWS 
IN FM! 

1 -3 -10 and 50 KILOWATT 

FM RADIO EQUIPMENT 

The "FREQUEMATIC" Modulator takes 
its place as part of the complete "package" 
of FM broadcasting equipment offered by 
Federal. From one source, you get every 
piece of broadcasting gear to set up opera- 
tion now . .. from studio equipment to trans- 
mitting tower ... all precision- engineered, all 

matched, all of highest quality. No more 
piecemeal assembly of components, and un- 
certainties of divided responsibility. Fed- 
eral assumes full responsibility for delivery 
and installation of a complete FM Broad- 
casting System. For complete details, write: 
Federal Telephone and Radio Corporation, 
Newark 1, New Jersey. 

*Trade Mark 

Telephone and Radio Corporal/oil 
Export Distributor: 

International Standard Electric Corporation 
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Figure 2 
Panels used to con- 
struct rooms. Made of 
two sheets of steel, 3" 
apart, with composition 
board cemented to their 
inner surfaces, and a 
rock -wool blanket be- 

tween them. 

Figure 1 

Acoustic attenuation of 
panels used in mak- 
ing soundproof rooms 
at laboratories. The 
attenuation is practi- 
cally the same as that 

of plastered tile. 

90 

onB0 
W 
CD a 70 
W o 
= 60 

050 
o 
w40 
H 
Q 

z 30 
o 
F 20 
¢ 

6 10 

o 

KEY -MEASURED VALUES 

- A DOUBLE TILE, 4" AIR + I" 
ROCKWOOL BLANKET 

_X SINGLE TILE AND PLASTER 
O STEEL PANEL 

A 

4 "AIR 
a LANKET 

2 
4- 

STEEL PANELS, 
1" ROCKWOOL 
(ESTIMATED) / 

x 

K 

X 

FREQUENCY IN CYCLES PER SECOND 

Demountable SOUNDPROOF Rooms 
FOR reasons of acoustic efficiency 

and protection against fire, sound- 
proof rooms have often been made 

of hollow tile plastered on both sides. 
These rooms are expensive to con- 
struct, noisy and dirty to dismantle, 
and have practically no salvage value. 
Where greater acoustic attenuation is 
desired a double -walled construction is 
employed. For reasons of space econ- 
omy the separation of the two walls 
seldom exceeds 6 ". This narrow air 
space makes it extremely difficult to 
avoid bridges between the walls caused 
by objects dropped into the interspace 
during construction. When this occurs 
it vitiates almost completely the effect 
of the air space. The great weight of 
this construction has also made anti - 
vibration support difficult. 

To overcome these objections, a 
room with steel- composition panels 
was developed. The panels consisted 
of two composite sheets of steel ce- 
mented to composition board with the 
interspace filled with rock wool. Their 
over -all thickness was 3 ". A panel 
with a ventilating duct attached was 
provided and the room was mounted 
on springs to reduce the effect of build- 
ing vibrations. The attenuation of the 
room, as constructed, was limited by 
that of the door and the ventilation 
panel, but the results showed that this 
construction is inherently capable of 
giving substantially the same protec- 
tion as a single hollow -tile wall. 

In Figure 1 appears the acoustic at- 

by W. S. GORTON 
Physical Research 

Bell Telephone Laboratories 

tenuation of the panels plotted as a 
function of frequency. The steel panels 
weigh only 7 pounds per square foot, 
whereas a tile partition with 34" plas- 
ter on both sides weighs 31 pounds per 
square foot. 

When plans were made for the new 
laboratory buildings at Murray Hill, 
N. J., it was decided to utilize steel 
panels for the eighteen soundproof 
rooms to be erected there. This con- 
struction had the additional advantage 
that it would harmonize with the par- 
titions and other interior finish. The 
panel used, Figure 2, consisted of two 
sheets of steel, 3" apart, with composi- 
tion board cemented to their inner sur- 
faces and a rock wool blanket between 
them. This construction obviated any 
mechanical coupling of the two com- 
ponents of the panel which might 
occur if the rock wool had been packed 
between them as in previous designs. 
The attenuation to be expected of the 
panel itself is consequently at least 
equal to that shown in Figure 1. This 
attenuation was attained for the room, 
as a whole, by careful attention to de- 
tails, such as sealing all cracks with 
plastic compound, by using ventilating 
panels and doors of at least equal at- 
tenuation, and by supporting the room 
on rubber anti -vibration mountings. 

The panels for the walls were chiefly 
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of one size, 9' 2" by 3' 6 ", with filler 
panels of half this width to completely 
close the sides of the room. Four 
standard sizes of panels were used for 
the floors and ceilings; lengths were 
84" and 63 "; widths, 42" and 21 ". The 
lengths of rooms obtainable with these 
panels are 7' or 10' 6 ", with increases 
thereafter by increments of 1' 9"; 
widths begin at 5' 3 ", and increase by 
increments of 1' 9 ". 

Rubber -in -shear mountings com- 
pletely support the rooms. Most of the 
weight was borne by installing them 
under the walls, but in all except the 
smallest rooms they were also placed 
under the floor beams. The mountings 
were located so that each one is de- 
flected by the same amount irrespective 
of its location. To permit removing 
them conveniently if they should sag 
with time, the mountings were fastened 
to wood members in rows. Informa- 
tion on hand at the time of design, 
however, indicated that no appreciable 
sagging should occur. Each mounting 
was designed to deflect 0.3" under load. 
The natural frequency of the mounting 
thus loaded is about 5 cps. 

Double- Walled Room 

Protection against objectionable 
acoustic resonances was obtained by 
placing 3" of sound insulation on the 
floor under the room and a 2" rock 
wool blanket on top of the room. Es- 
sential constructional features are 

(Continued on page 33) 
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Can you us is finger -size 10 kw Triode? 

Doubtless there e many electronic experimenters and designers working 

in the ' diate micro -wave range with need for just such a triode. 

Desi and built by National Union for advanced radar installations, 

U. 3C 37 should prove a "natural" for engineers concerned with 

struments for aircraft, navigation, railroads, communication relay 

transmission and many related applications. Here is the only tube of its 

kind -a newcomer to electronics, yet an experienced veteran proved 

under the most rigorous service conditions. There are electronic jobs it 

can do better than they have ever before been done - problems it can 

solve for the first time. Why not write us about the N. U. 3C 37? Or come 

to our laboratories and talk it over with a National Union engineer. 

Qualifications 

of the N. U. 3C 37 

Delivers 10 KW peak RF 

power output at frequen- 

cies as high as 1150 

megacycles. 

Anode and grid dissi- 

pation capabilities are 

adequate to enable the 

tube to withstand large 

momentary overloads 
without damage or dis- 

tortion of electrical 
characteristics. 

Internal and external 

surfaces are silver plated 

to minimize skin resist- 

ance and RF losses. 

Specially constructed 
radiator greatly reduces 

RF losses. Permits oper- 

ation at duty cycles of 
1% with air -blast cool- 

ing. 

Anode radiator of silver 

plated copper efficiently 
transfers heat to any 

resonator of which it 
becomes a part. 

Negligible frequency 
drift due to cylindrical 
construction and dosely 
controlled mechanical 
tolerances. 

Maximum mechanical 
strength. 

NATIONAL UNION 
RADIO AND ELECTRON TUBES 
NATIONAL UNION RADIO CO.RPORATIr)N . NEWARK RJ I 
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UTC Linear Standard Transformers feature... 
True Hum Balancing Coil Structure of stray fields. 

Balanced Variable 
1 ever Impedance Line . Y tap of a universal permits highest fidelity on couplings, unit no line reflections 

or transverse 
Reversible Mounting 

permits above chassis or sub-chassis wiring. 
Alloy Shields 

. maximum shielding from induction Multiple Coil, Semi -Toroidal pickup' 
u plea 

Coil, 
Coil Structure 

Y and leakage reactance. minim um disfrib- Precision Winding 
occurs of inductance and cy of winding capacity; exact im 

.1%, perfect balance Hfperm -Alto Pedonce reflection. 
Y ... o stable, high 

nickeliron 
core material. 

High Fidelity 
UTC 

I.SDB from 

Lin audio units with 
Linear Standard Transformers 

aud Dun a guaranteed uniform 
It 

ore the only cycles. response of _ 

Application 
low impedance mike, pick -u or multiple line to grid. 

As above 
Single plate to push pull gri 

Mixing, low impedance mike pickup, or multiple line to multiple line 
As above 
Single plate to multiple line 

Push pull 2A3's, 6A5G's, 300A's, 275A's, 6A3's 

Primary 
Impedance 

50, 125, 200, 250 
333,500 ohms 

As above 
8,000 to 15,000 

ohms 

Secondary 
Impedance 

60,000 ohms in two 
sections 

50,000 ohms 
135,000 ohms; turn 

ratio 1.5;1 each side Split Pri. and Sec. 
50, 125, 200, 250, 
333, S00 ohms 

Relative Max. unbal- hum- pickup anted DC in reduction 
primary 

As above 
8,000 to 15,000 
ohms 

5,000 ohms plate 
to plate and 3,000 
ohms plate to plate 
5,000 ohms plate 
to plate and 3,000 
ohms plate to plate 

The above listing includes only a few of th e many units 
of the LS Series. For complete listing -write for catalogue. 

As above 
50, 125, 200, 250, 
333, 500 ohms 
500, 333, 250, 200. 
125, 50, 30, 20, 15 
10, 7.5, 5, 2.5, 1.2 

30, 20, 15, 10, 7.5, 
5, 2.5, 1.2 

150 VARICK STREET 
EXPORT DIVISION: 13 EAST 40th STREET, NEW NEW YORK 13, N. Y. YORK 16, N. Y., CABLES: "ARAB" 
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Figure 3 

( nnstructional features of the double -walled 
aooastic room. Doors arc of wood, 5" thick, with 
large heavy composite panels mounted on rubber. 

shown in Figure 3, where the room 
just described appears as the inner 
component of a double- walled struc- 
ture. 

Doors, of wood, are 5" thick, and 
have large, heavy, composite panels 
mounted in rubber. There are two 
panels, one on each side of the door, 
with an air space between them. The 
closure is made as airtight as possible 
by double rubber gaskets and three - 
point hardware. The acoustic attenua- 
tion of these doors is about 43 db. 

Ventilation panels, shown in Figure 
4, are of labyrinthine design and lined 
with sound -absorbing sheet material. 
Their walls are similar to those of the 
structural panels, and their acoustic at- 
tenuation is about 52 db. 

Electric power and communication 
circuits enter through apertures near 
the edge of the ventilation panel. The 
space around the wires is sealed with 
mastic after their insertion. 

For greater attenuation of sound, a 

room of the kind just described can be 
enclosed in another one built of the 
same or similar panels. For a moder- 
ate increase in attenuation, an exten- 
sion of the panels of the enclosing room 
to the ceiling of the building room may 
suffice. This construction is effective 
against noise originating on the same 

Figure 4 
Interior of a small single -walled acoustic room 
showing ventilating panels on the left wall. 
Panels are of labyrinthine design, lined with 

sound absorbing sheet material. 
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floor, but not against that from the 
floor above. For the largest feasible 
increase in attenuation, the enclosing 
room has a separate ceiling of the same 
standard panels used for the floor and 
ceiling of the inner room. Since the 
panels are standard, the length and 
width of the outer room exceed those 
of the inner one by l' 9 ". This pro- 
vides an air space 7.5 wide. The 
floor of the outer room is the floor of 
the building, because it was decided 
after careful consideration that there 
would probably be little benefit from 
trying to provide the outer room with 
a floor of steel panels, and that in any 
event the possible benefit of such con- 
struction would be far outweighed by 
the increased expense and bulk. The 
extra height necessary to permit using 
the same wall panels for both the inner 
and outer rooms was obtained by put- 

Figure 5 

Interior of a double - 
walled acoustic room 
showing duct for elec- 

trical wiring. 

ting the walls of the outer room on a 
laminar structure of timbers separated 
by hair felt. The pile -up is 12" high 
and it was covered with steel sheathing 
for appearance. A similar sheathing 
was provided to enclose the space under 
a single -walled room. An apron, 
which extends over the gap between 
this sheathing and the room, effectively 
retards the entrance bf dirt and dust 
into the space underneath. 

Single- frequency attenuation meas- 
urements have not been made in these 
rooms owing to the pressure of war 
work, but noise -meter measurements 
show an attenuation of 43 db for the 
single room and at least 57 for the 
double room. Their construction and 
demounting involve little dirt and 
noise, and there is practically complete 
salvage of the material, as has been 
demonstrated by . experience. 
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An Interlocked 

LINE- SWITCHING SYSTEM 

OST broadcast engineers ap- 
preciate the advantages of 

1 multiple control -room layouts 
over the more common arrangement, 
where as many studios as possible are 
grouped around a single control room. 
The latter is usually.felt to be economi- 
cally necessary in a small or medium - 
size station, even when the limitations 
it imposes upon optimum operation 
convenience are realized. 

It is difficult to arrange more than 
three studios so that they can be clearly 
seen and monitored from one control 
room. At least one will be found to be 
awkwardly placed, with full use of all 
the facilities hampered. In addition, 
the usual succession of recordings, 
auditions, etc., which must be taken 
care of while the smooth continuity of 
regular programs is preserved, often 
makes operation from a single control 
room cramped and inconvenient. 

WIBC Problem 

We were recently faced with the 
problem of making. the best use of a 
rather narrow building for a. new stu- 
dio installation. We, of course, had 
to consider the foregoing factors and 
in addition we were faced with the 

equally -important equipment limitation. 
In our case the time limit ruled out any 
custom -built master -control system. 
We also had to select available com- 
ponents and avoid the use of critical 
parts. 

The system finally developed used a 
switching -control procedure making it 
possible to group three studios around 
one control room and two at the second 
control room, and feed a program to 
any one of four lines from either con- 
trol room. These two groups happen 
to be adjacent in our installation, but 
could be on different floors or sepa- 
rated some distance since no reliance 
on visual signals is necessary. Indi- 
cator lamps are used to show when a 
line is connected through and ready to 
take the program. By the addition of 
switch positions and relays, more lines 
(at least 10) could be provided. Fewer 
lines than four might be sufficient in 
some applications. 

Components 

The control boxes were stock items 
obtainable from most parts supply 
houses. In each box was installed a 
four -position four -pole selector switch, 
four simple push -to -break push buttons 
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by H. E. ADAMS 
Chief Engineer WIBC 

Figure 1 

Front view of inter- 
locked switching as- 
sembly. Note minimum 

of controls. 

and four 1" indicator lamps, which use 
standard 6 -watt candelebra base 120 - 
volt lamps. Since the lamps and re- 
lays are d -c operated, we were not 
faced with interference problems when 
all circuits were included in one cable. 
We were fortunate in having commer- 
cial d-c available. However, the cur- 
rent requirements of the complete sys- 
tem are less than .1 ampere, so that a 
simple rectifier system will suffice. 

Relays Used 

The relays used were Advance 216, 
rated at 60 volts, with five double - 
throw poles. Although only four were 
needed in this application, it was felt 
that extra contacts might be useful for 
auxilliary control or indicating cir- 
cuits, which could be added later. They 
could be used to operate studio signal 
lights. Two poles were wired in to 
switch the line, one to operate the in- 
dicating lamps and the other for the 
lock -out feature. The line contacts are 
so adjusted that one pair makes before 
the other breaks. This prevents any 
clicks which might be a result of a line 
instantaneously open. Tests showed 
that any disturbance from switching 
was too far below normal program 
level to be audible. 

The relay resistance is 3,000 ohms, 
and in series with a 25 -watt 3,000 -ohm 
resistor, it operates properly across a 
d -c supply of 100 to 125 volts. The 
series resistor is a necessary part of 
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Control Method Affords Feeding of Programs to Any of 
Four Lines from Either Control Room, Quick Switching 
for Successive Programs or Portions of Programs from Any 
Studio, and Interlock Protection to Prevent Both Control 

Rooms Feeding Line Simultaneously. 

the interlock system. Each line output 
is linked to jacks which are normalled 
through to the point most commonly 
used. . Number one, for example, goes 
to the regular transmitter program cir- 
cuit. The two line is particularly use- 
ful here, for a large number of live 
auditions, and auditions to be tran- 
scribed are handled, This line is des- 
ignated the audition line, and is avail- 
able like the others for sending a pro- 
gram to any telephone circuit. How- 
ever it is normally connected to feed a 
line which terminates in all offices and 
a conference room. Each room has a 
monitoring amplifier and speaker 
which can be switched to any of sev- 
eral lines. It is possible, in this way, 
to conduct auditions and have them 
heard in the privacy of the various 
offices. Provisions are made for re- 
cording from this line at the same time 
by means of a bridging amplifier. 

Operation of Interlock System 

Two sections of the selector switch 
connect the line -amplifier output to the 
line selected. This affords connection 
to the proper relay, so that when that 
relay is not locked out by the other 
control box, it will connect through to 
the corresponding line. One side of 
each relay coil goes to the positive d -c 
terminal. The other side, besides going 
to the series resistor, goes to the third 
pole of the relay whose back or relaxed 
contact connects through the corre- 
sponding release button and selector 
switch at A- control point to the posi- 
tive d -c terminal. It will be realized 
then, that when the relay in question is 
not energized, which is true when the 
A control is in that position, a short 
circuit is placed across the relay coil. 
As long as this condition exists, noth- 
ing can be done at B control to ener- 
gize this relay and switch the line away 
from A control. The necessity for the 
series resistor is thus quite apparent. 
If B control is switched to the position 
under discussion, any of the 3,000 -ohm 
resistors may be placed across the 120 - 
volt d -c line, in series with the relay 
coil, which is now short -circuited, the 

resistor limiting current flow to about 
40 milliamperes. 

B- Control Operation 

If B control is left in the same posi- 
tion as -A -control, a touch- of the -release 
button at A control will remove the 
short circuit long enough for voltage 
to appear across the relay coil and 
move the contacts to the energized 
position. This immediately prevents 
the short circuit from being reestab- 
lished by opening the third pole of the 
relay. Thus while B control main- 
tains voltage on the relay, A control 
can do nothing to release the relay and 
break the line circuit established by 
B control. 

Last Switching Sequence 

In the last sequence of switching, 
whenever A control is placed in the 
same position as B control, assuming 
B control to have the line circuit estab- 
lished, a touch of the release button at 
B control will release the relay since 
the B- control release button is a part 
of the relay -coil series circuit. As 
soon as the third pole touches the re- 
laxed contact, the short circuit is estab- 
lished across the relay coil and A con- 
trol has possession of the line. 

Precautions 

We have found it a safe practice to 
avoid leaving both controls set at the 
same line position, other than when 
preparing for a switch. When this 
precaution is taken, accidental touch- 

Figure 2 

Interior view of line - 
switching unit. 

ing of a release button will not mean 
loss of the circuit. Where the control 
points are separated some distance, it 
is always possible to determine which 
line is in use at the other control point, 
by switching to each line in turn. The 
indicator lamps of all the available lines 
will light, while the light of the line in 
use will not. The lamp circuits are 
controlled by the fourth pole of the 
relay, and when waiting to take control 
of a line about to be released by the 
other control point, the operator need 
only wait until his indicator lamp 
lights, showing that the switch is com- 
pleted. Using different color jewels 
for each of the lines simplifies identifi- 
cation. 

Indicator Lamp Resistor 

A 25 -watt 800 -ohm resistor serves 
to reduce the brilliance of the indica- 
tor lamps and also minimizes lamp 
burnouts. 

Power Control 

It will be seen that no power is used 
except for the indicating lamps when 
A control is feeding any of the lines. 
For this reason the A control should 
be located at the most used control 
room, if the distribution of use is at 
all unequal. This reduces the chance 
of interruptions due to failure of the 
power supply, since the power can be 
off indefinitely without limiting the use 
of A control. 

Lower Voltage Relays 

Lower voltage relays could have 
been used, but it was felt that the 
higher voltage and consequent lower 
current gave important advantages. 
For instance an ordinary receiver -type 
power supply can provide the necessary 
power. In addition, in cases of greater 
separation between control points with 
an attendant increase in the resistance 
of the connecting lines, the line resis- 
tance could approach a value suffi- 
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ciently high to impair the reliability of 
the lock -out feature, relying as it does 
at A control upon a short circuit to 
prevent voltage being applied to the 
relay coil. The same trouble could 
come from increased contact resis- 
tance in the lock -out circuits. Resis- 
tances as high as 10 and 15 ohms have 
been measured across relay contacts, 
and while they cause no trouble in a 
3,000 -ohm coil circuit, they become in- 
creasingly important as the voltage and 
circuit resistance are lowered. 

Relay Panel 

The relay panel is housed in a dust- 

Figure 3 

Circuit of line -switching control system. 

tight cabinet, and -the normal wiping 
action of the contacts is sufficient to 
keep them clean. The line contacts of 
each relay are checked often. During 
routine maintenance periods, an ohm- 
meter for low resistances is clipped 
across the line terminals of each relay 
in turn. Shorting clips are placed 
across both A- control and B- control 
lines for the corresponding relay and 
the readings are observed while operat- 
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ing the relay. If the resistance shown 
is under 1 ohm for both positions, re- 
peatedly, there can be no doubt that the 
contacts are in good condition. 

The flexibility of the two -control 
room arrangement has proven most 
satisfactory. Without disturbing the 
operation of the control room in use in 
any way, it is possible to rehearse a 
forthcoming program thoroughly be- 
fore broadcast time, then put it on the 
air from the same studio in which it 
was rehearsed, and if desired, return 
to the original control point for the 
next program, all with no perceptible 
break in continuity of service. 
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SUB-MINIATURE TUBES 
FIRST DEVELOPED TO BE SHOT FROM GUNS - 
NOW DESIGNED FOR RADIO RECEIVER USE 

In October, 1940, Raytheon was the first tube manufacturer 
to take an NDRC contract to develop tubes for the Proximity 

Fuze project. In March, 1941, these tubes were successfully 

shot from guns and the Fuze project was established as being 

practical and effective. Late in 1941 Raytheon contributed 

a basically improved type of filament suspension which has 

since been employed in all vacuum tubes for the V T Fuze. 

Since V T Fuzes could be used but once, the tubes were 

soldered in directly. This method is uneconomical for radio 

applications. With this in mind, Raytheon then developed á 

plug -in feature and low -loss socket which allows all the space - 

saving which characterizes these tubes. Today there are four 
basic types in the Raytheon line of sub -miniature tubes -all 
specifically designed for low- voltage radio receiver applica- 

tions. Standard sockets are available permitting easy tube 
replacement and low cost chassis assembly operations. 

These tubes have been standardized and registered with 

RMA. The day of pocket superheterodyne receivers for 
police patrol, fire -fighting, railroad operation and sport and 
entertainment reception is here, now. For long life, rugged 
construction, low assembly and maintenance costs - with 

user acceptance assured - use Raytheon Standard Sub - 

Miniature tubes. Technical data sheets available on request. 

RAYIH EON 
MANUFACTURING COMPANY 

Tubes shown 

actual size 

&xcelle/nce an élecl`2anicó 

RADIO RECEIVING TUBE DIVISION 
Newton, Mass. New York Chicago 
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Converting D -C METER to A -C V -T -V Use 
THROUGH the use of a peak - 

indicating circuit, it has been 
possible to effectively convert a 

5 ", 1,000- ohms -per -volt voltmeter for 
a -c use in a v -t voltmeter system. The 
peak- indicating arrangement consists 
of a high- impedance cathode follower 
which rectifies the input voltage and 
drives a 6AC7, also connected as a 
cathode follower with the d -c volt- 
meter, in the cathode circuit. If the 
gains of the cathode follower circuits 
were unity, then the d -c voltmeter 
could be made to read rms a -c volts by 
tapping the cathode resistor of the 
6SN7 at a point 70% above the nega- 
tive end. Actually, because this gain is 
less than one, and because there are 
various other circuit losses, it turns out 
:`tat the tap is close to the 85% point. 

This particular circuit was designed 
to operate with the 15- and 150 -volt 
scales of the d -c voltmeter. The shift 
from one scale to the other is accom- 
plished by using a 4 -pole, double -throw 
switch (actually a telephone key). The 
four units of this switch are identified 
as S, S,, S. and S, in Figure 1, and are 
shown in the 15 -volt position. Protec- 
tion of the 15 -volt range is obtained by 
connecting the other half of the 6SN7 
as a diode with its cathode some 18 
volts above the zero -voltage level of 
the cathode of the 6AC7. Thus, no 
matter how high the input voltage may 
go, the grid of the 6AC7 cannot rise to 
more than 16 or 17 volts. When the 
switch is in the 150 -volt position, this 
limitation is removed. Addition of the 
resistors shown in parallel with the d -c 
voltmeter and connected to a negative 
voltage point improves the linearity of 
the 6AC7 operation. 

The relation between the input volt- 
age and the d -c voltmeter reading can 
be varied by adjusting R,. Because 
the gain of the 6AC7 cathode follower 
is less with the smaller impedance in 
the cathode circuit, it was found neces- 
sary to tap the cathode resistor of the 
6SN7 at a higher point when the 15- 
volt range is in use ; S, takes care of 
this. 

Power Supply 

The power supply is a simple, full - 
wave rectifier which gives 20 milli- 
amperes at 400 volts. Regulation of 
the power supply is not necessary un- 
less one wishes to smooth out very 
small fluctuations in the meter read- 
ings. A bleeder resistor supplies the 
required voltages. It is necessary for 

Simple Circuit Converts a D -C Voltmeter for A -C 
Vacuum -Tube Voltmeter Application. Unit Has a Linear 
Scale and Practically Infinite Input Impedance. While 
Meter Was Not Designed for H -F Use, It Has No Appre- 
ciable Error at Input Frequencies up to Several Megacycles. 

by WILLIAM M. BREAZEALE 

Associate Professor of Electrical Engineering 
University of Virginia 

the screen grid of the 6AC7 to be some 
25 volts higher than the highest voltage 
to be read on the d -c voltmeter. This 
means that point B should be about 175 
volts positive, with respect to the zero 
voltage position of the 6AC7 cathode, 
if the full 150 -volt range is to be used. 
Although this exceeds the manufac- 
turer's ratings, no excessive shorten- 
ing of the life of the tube has been ob- 
served. 

The d -c voltmeter is zeroed with the 
aid of Ra, and this resistor should have 
a value sufficient to vary point A over 
the range plus 10 to plus 25 volts. 

The capacitor C across the cathode 
resistor of the 6SN7 should be of suffi- 
cient size so that it will not discharge 
appreciably between a -c peaks. For a 
C3 -cycle input, a 0.5 -mfd capacitor is 
adequate. 

Adjustment of Meter Circuit 

An a -c voltmeter and a variable a-c 
power supply are connected across the 
input terminals. By adjusting R. and 
R. the d -c voltmeter is made to agree 
with the a -c meter at two points ; for 
instance, at 20% to 90% of full scale 
deflection. After this adjustment is 
made the input terminals are short - 
circuited and the reading of the d -c 
voltmeter noted. It will probably be 
between one and two volts. This small 
deflection is due to the fact that the cir- 
cuit response is not linear at the very 
bottom of the scale. Thereafter, the 
meter is zeroed by short -circuiting the 
input terminals and adjusting to this 
reading, using R,. There is no need to 
readjust R, until tubes are changed. A 
calibration shows that when the circuit 
is properly adjusted the deviation of 
the d -c voltmeter readings from the 
input voltage is less than one volt over 
the 3- to 150 -volt range. A calibration 
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curve for the 15 -volt scale is shown in 
Figure 2. 

As in all meters of this type, the 
input tube draws a small amount of 
grid current even though the grid is at 
a negative potential with respect to the 
cathode. The magnitude of this cur- 
rent may be approximated from the 
fact that at low voltage 10 megohms in 
series with the input causes the meter 
to read 1 volt too high. At higher 
voltages the error is less. The pres- 
ence of this minute grid current re- 
quires that the apparatus under test 
provide a continuous d -c path between 
the input terminals. If it does not, as 
is the case when a small capacitor is in 
series with the input, then a d -c circuit 
must be provided through a parallel 
path. This is the function of the high 
resistance shown on the circuit dia- 
gram, which can be connected across 
the input with the spst switch. When 
the input terminals are open this grid 
current charges the meter to some SO 
ur 75 volts, another reason why protec- 
tion of the 15 -volt range is desirable. 

D -C Measurements 

In theory, when a d -c voltage is 
applied to the input terminals the meter 
should read 70.7% of this voltage. 
Actually, because the 6SN7 is not a 
perfect detector for a -c voltages, the 
reading will be slightly higher. Above 
20 volts this factor is about 73% and 
increases slightly for voltages less 
than 20. 

Pulse Height Measurements 

Under certain conditions this circuit 
can be used to indicate the height of a 
single voltage pulse to within 5 %. To 
accomplish this, it is necessary to in- 
crease the capacity C in the cathode of 
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Figure 1 

Conversion circuit. It is essentially a peak - 

indicating arrangement with a high impedance 
cathode follower. 

the 6SN7 to the point where it will 
hold the voltage across the cathode re- 
sistor substantially constant for several 
seconds. Since this voltage determines 
the d -c voltmeter indication, this means 
that the pointer will remain deflected 
long enough for the operator to catch 
the maximum reading. If the capacity 
is increased to 10 mfd across 7 

megohms then the voltage across the 
capacitor will fall .to 95% of its initial 
value 3.5 seconds after the pulse. In 
other words, the d -c voltmeter reading 
is constant within 5% for some 3 sec- 
onds. Experiments show that an ob- 

server will read about 70% of the peak 
value of a pulse rather than the 73% 
indicated by the d -c calibration. 

There is one limitation to the use of 

this circuit in this manner. Assuming 
that it is desired to maintain a high 
input impedance at all times, it is neces- 
sary that the rate of rise of voltage 
across the input not be so rapid as to 
drive the grid positive. The permis- 
sible rise is determined by the rate of 

charge of the cathode capacitor C. 

Ten milliamperes can be drawn from 
the 6SN7 and this allows a rate of rise 
of 10$ volts per second across the 10- 

mfd capacitor. If steeper voltage 
pulses are to be measured it is neces- 
sary to use an additional cathode fol- 
lower stage, with a smaller cathode 
capacitor, ahead of the one just dis- 
cussed. This stage need hold its charge 
but the fraction of a second necessary 
to charge the following stage and, 
hence, its cathode capacitor can be con- 
siderably less than one microfarad. 

Uses 

Beside the usual a -c and d -c voltage 
measurements, determinations of high 
impedances,' etc., this type of vacuum - 
tube voltmeter circuit, because of its 
almost infinite -input impedance, is par- 
ticularly suited for measuring short 
time intervals when these intervals can 
be determined as a function of the in- 

crement of charge of a capacitor. 

For instance, let us consider the 
problem of determining the speed of a 

camera shutter. In addition to the 

Figure 2 

Voltmeter correction curve for 15 -volt range. 

vacuum -tube voltmeter this measure- 
ment requires a vacuum photocell, 
microammeter, d -c voltage supply of 

100 -150 volts, and capacitor. The pro- 
cedure is as follows : First the photo - 
tube is connected iì1 series with the bat- 
tery and the microammeter, the light 
source focussed on the cathode of the 
phototube using the camera lens and 
the resulting current noted. Next, 
without disturbing the light source or 
the lens stop, a capacitor is introduced 
in the circuit in place of the microam- 
meter. The size of the capacitor should 
be such that it will charge to some 25 

or 50 volts during the time interval 
that the shutter is open. The charging 
current to the capacitor will be the 
same as that previously measured, 
since the current through a vacuum 
photocell is independent of the plate 
voltage above 20 or 30. The total 
charge will be the product of the cur- 
rent and the time the shutter is open, 
and the voltage appearing across the 
capacitor, the charge divided by the 
capacitor capacity. As an example, sup- 
pose that the microammeter shows 10 

1D. L. Waidelich, COMMUNICATIONS; Decem 
ber 1945. 

microamperes phototube current and it 

is expected that the shutter will be 

open 1/50 second. This time interval 
will permit a charge of 0.2 x 10-6 cou- 

lomb to flow and will charge a .005 -mfd 
capacitor to 40 volts. It is also neces- 
sary to insure that the rate of rise of 

voltage is not too rapid and that the 
capacitor is sufficiently large so that 
it will not be appreciably charged by 

the grid current (should be .001 mfd 
or larger). 

To continue, the vacuum -tube volt- 
meter is connected across the capacitor 
and then the rise in voltage, when the 
shutter is snapped, is noted. The actual 
voltage can be determined from the 
d -c calibration curve of the meter. 
Then the effective time the shutter was 
open is given by 

C.AV 
t = seconds, 

I 

where C is the capacity of the capacitor 
in microfarads, AV the voltage rise 
and I the photocell current in micro- 
amperes. To minimize trouble due to 
grid current, it may be desirable to 
start with an initial voltage of about 
50 across the capacitor. 

I 

N 

5 IO 

METER READING - VOLTS 

15 
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GROUND -CONTROLLED APPROACH 

Above: Outside view of complete ground -controlled approach system 
developed for ATSC use and currently being applied to civil aero- nautical use. The model, known as the AN /MPN -1, provides visual azimuth position data relative to the glide path, visual elevation data, range data and information regarding position of other aircraft near the glidepath. The system, described by Ernest N. Storrs of Watson Laboratories, ATSC, at the recent IRE Winter Technical Meeting, 
uses parabolic cylindrical reflectors fed by a dipole array. Left: Controllers position, showing error meter calibrated in feet deviation from the glidepath, communications selector switches and the test oscillograph for circuit analysis. 

ACOUSTIC MATERIAL EFFECTS 

Figure 2 

Surface areas of fibrous -glass basic fibres per pound of glass. A, 39 
square feet; B, 52 square feet; C, 69 square feet; D, 356 square feet; 

E, 533 square feet; F, 1066 square feet; and G, 1371 square feet. 
(All data courtesy Owens -Corning Fibery,w Loop.) 
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Above: Fig. 1 showing 
apparent effect of per- 
centage open area in 
26 -gage perforated met- 
al surfaces. (A, plain 
hare board; B, 18% 
open area, 1/4" holes; 
C, 4.9% open area, 
1/4" holes; D, 1/4% 
open area, ! /s" holes; 
E, 0% open area not 

perforated). 

Figure 1 shows the effect of perfo- 
rated metal facings with different per- 
centages of open area. With a high 
percentage of open area, such as 18%, 
there appears to be little effect upon the 
absorption curve except for slight re- 
duction at 4000 cycles. As the per- 
centage of open area is reduced, high - 
frequency values decrease and low -fre- 
quency values increase. Reducing the 
percentage of open area seems to 
sharpen the peak of the curve and 
hove the peak to lower frequencies. 

Figure 2 shows the surface areas of 
fiberglas basic fibers, per pound of 
glass, compared with the surface area 
of pound of glass in the form of a 
sphere. 
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For your resistors for experimental work, pre- 
production models, pilot runs, and small produc- 
tion runs call upon your local IRC Distributor 

Announcing Ln the 
for prompt, intelligent service! 

IRC INDUSTRIAL SERVICE PLAN 
now offered by over 300 IRC Distributors! 

IRC Distributors from coast to coast are now 

able`to give industrial users of resistors a new, 

extra service on all standard IRC products. 

Under the new IRC Industrial Service Plan, your 
local IRC Distributor is building and maintaining 
adequate stocks of standard IRC units for many 
industrial requirements ... and he can now fill 

your moderate -quantity orders, from stock, at 
direct factory prices! 

Take advantage of this new IRC plan, speed 
your reconversion and development by getting 
acquainted with your local IRC Distributor. If 
you do not have his name, your IRC Representa- 
tive will be glad to recommend one or several in 
your vicinity, or write direct. 

IRC Catalog No. 50 lists standard products stocked by IRC Distributors. 

FOR BETTER- THAN -STANDARD QUALITY 

Sta«d oa 

FOR Send for your copy. 

ARIABLE 

n watt) 

BTA 
(1 watt) 

INTERNATIONAL RESISTANCE COMPANY 

DEPT. 8-C, 401 NORTH BROAD STREET, PHILADELPHIA 8, PA. 
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IN a simple oscillator circuit, as 
shown in Figure 1, the frequency 
of oscillation is determined pri- 

marily by the inductance L and the 
effective capacitance across it, C. For 
convenience we can let C include all 
tube and other stray capacitances that 
may be shunting the inductance; Cg is 
the grid capacitor, R the grid resistor, 
and CB a very low impedance ca- 
pacitor used as a bypass capacitor. 
The generated frequency f° is then 
given by 

1 

f°= (1) 
2 TNFLT 

'Thus any variation in the values of L 
and C will cause the frequency to 
vary. If a capacitance Cl is intro- 
duced in parallel with C, as shown in 
the figure, then the frequency will be- 
come f, where 

1 

1= (2) 
2 I - (C -}- C') 

A shift in frequency will, of course, 
also take place if an inductance were 
placed in parallel with C instead of 
the capacitance Cl. These capacitances 
or inductances can be introduced 
across the tank circuit of the oscillator 
by using a reactance tube. 

This is a tube where the current 

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

REACTANCE TUBE 
Figure 1 

Simple oscillator cir- 
cuit where the fre- 
quency is dependent 
on the inductance L 
and the total effective 
capacitance shunting it, 
designated by C. Cl 
is a capacitance intro- 
duced in parallel with 
C, which will vary the 

frequency. 

and voltage relationship of an r -f 
voltage impressed between the plate 
and cathode is the same as exists for 
a capacitor, coil, or any similar re- 
actance circuit. By varying the re- 
actance of the reactance tube it is 
possible to obtain very wide variations 
of frequency which are then directly 
applicable to frequency -modulation 
systems. 

'The Reactance Tube 

Figure 2 illustrates one of the 
fundamental reactance tube circuits. A 
pentode is employed where B + is 
supplied to the plate circuit through 
an r -f choke. R. is the screen re- 
sistor and the two C8's are r -f bypass 
capacitors. C1 is a small capacitor 
whose reactance is very much larger 
than R1, the grid resistor. . 

The phasor diagram for this circuit 
is shown in Figure 3. An r -f voltage, 
ep, is impressed across the r -f, input 
terminals of the reactance tube. This 
input voltage is used as the reference 
voltage in the phasor diagram. A 
current, ip1, will be drawn by the tube 
being determined by the plate resis- 
tance Rp of the tube where 

LPl = 
Rp 

This current will be in phase with the 
voltage ep. It is not the total current. 
To it must be added the plate current 

(3) 
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Figure 2 
A reactance tube em- 
ploying a grid circuit 
which causes the grid 
voltage to lead the 
plate voltage by 90° 
resulting in a ca- 
pacitance reactance. 

(C1= CjR1g,a ). 

by N. MARCHAND* 
Chief Engineer 

Lowenherz Development Company 

drawn by the grid voltage eg. To 
determine this voltage it is neces- 
sary to obtain the current ig through 
the resistor R1. The current ig 

is equal to the plate voltage ep di- 
vided by the series impedance of 
R1 and C1. Accordingly, since CB is a 
bypass capacitor and the audio input 
is isolated by an r -f choke, their effect 
may be neglected. Thus 

p 

ig= 
R1-) Xe1 

where Xe1 is the reactance of the ca- 
pacitor C1 at the frequency being ap- 
plied. If Xe, is very much larger than 
R1, the current ig will lead the voltage 
ep by practically 90 °, as shown in the 
diagram. Then if R1 is low enough so 
that any shunting impedances such as 
input capacitance may be neglected 

ep 
e` = R1 

R1- iXe1 

However, eg will cause 'a current ipg 

to flow in the plate circuit where 

(4) 

(5) 

µ e 
ip2 = 

Ri, 

R. is the amplification factor of the 
tube. The total plate current, i,,, is 
made up of ip1 plus ip2, so that 

1 

ip =- (ep + Ate.) 
Rp 

which is the standard equation for 

(6) 

(7) 

Figure 3 
The phasor diagram for the circuit shown i 
Figure 2. The resultant r -f plate current. is, 
is shown to lead the r -f plate voltage by the 

angle o. very close to 90 °. 
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MODULATORS 
plate current. Substituting the trans - 
conductance gm for p. over RD 

ep 

ip = - g, ex (8) 
R, 

The actual current flowing in the 
plate circuit is obtained by substituting 
for e, from (6) 

e,, gm ep R1 

i,, = - -I- (9) 
R,, R1 -iX 

Thus (9) is now the complete equa- 
tion for the current drawn by the 
tube from the r -f source. However, 
some simplifications may be made. If 
Rp is very large, the first term may 
be neglected for calculation purposes. 
Also if the reactance Xei is over 5 

times the value of R1, the R, in the de- 
nominator of the second term may be 

neglected without introducing appre- 
ciable error. This means then that i, 
will now lead eD by 90° where 

gm R1 

i - l er (10) 
Xe, 

Thus the impedance across the plate 
circuit of the tube shown in figure 2, 

is given by 

e, 1 

= i (11) 
1, wCl R7gm 

where 63 is 2a times the frequency of 

e,. Comparing (11) with the equation 
for capacitive reactance it can be seen 

that it is equivalent to a capacitance 
Cl where 

C'= ,R1 (12) 

When an audio voltage is impressed 
across the terminals of the audio in- 

put, it will vary the grid voltage of 

the tube and thereby vary the gm. 

When the gm is varied, it in turn will 

vary the effective capacitance CL. 

Reactance Tube Modulators 

In Figure 4 is shown how the two 

circuits are combined to form an f -m 

source. The reactance tube is coupled 
across the tank circuit by means of a 

coupling capacitor as shown. We note 

that the grid circuit of the modulator 

tube is also across the tank circuit. 
This means that the impedance of C, 

has to be large enough so that it will 

not load the tank circuit. Usually, of 

course, the impedance is so large that 

the current drawn by it may be neg- 

lected. The equation for the frequency 

Figure 4 

Reactance tube modulator circuit, showing how 
the reactance tube circuit is combined with the 

oscillator circuit to form an f -m source. 

Figure 5 

A reactance -tube feed- 
back circuit consisting 
of a resistor, Ri, which 
is at least 5 times the 
velue of the reactance 
of C1.. The impedance 
is inductive and is 
equal to the product of 
Ri and Ci divided by 
the gm of the tube. 

RiC1 
(L1= ) 

gm 

In This, the Third Installment of a Series of Papers on 

the Operation and Design of F -M Transmitters, Circuit 
Equations for the Reactance Tube Are Derived, Including 
Several Cases of Effective Capacitive and Inductive In- 

puts. The Equation for the Effect of These Circuits on a 

Tank Circuit of an Oscillator Is Derived Leading to the 
Frequency Deviation Obtained. In Addition, a Discussion 
of the Push -Pull Reactance Modulator Is Included. 
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of this circuit is given by (2). Sub - 
stituting for Cl from (12) 

1 

f= (13) 
2 r /L (C -}- Ci It, gm) 

Here, f is the frequency which will be 
generated when the grid voltage of the 
reactance tube is constant so that the 
gm is constant. In other words, it is 
the center frequency of the f -m signal. 
It will be noticed that it is dependent 
on the operating point of the reactance 
tube with zero audio input. It is this 
operating point which is varied in 
many systems to keep the transmitter 
accurately on center frequency. 

Suppose we let an audio voltage be 
impressed so that the gm increases by 
an amount 0 gm. The new frequency 
f1 will be 

1 

f1= 
2,/LC + L C,R,g -I- L CiR1Agm 

(14) 
This equation may be simplified by 
substituting for f, from (13), so that 

f f'- 
1+ 

C1 Rl gm 

C-C1R1gm 

(15) 

Figure 6 
The reactance tube cir- 
cuit obtained by sub- 
stituting an inductance, 
Li, for the capaci- 
tance CI, of Figure 5. 

(C1= ). 
Ri 

To obtain A f, the shift in frequency, 
we subtract f from (15), so that 

f=f'-f= f 

C1R,gm 
1 -}- 

C-FC,R,gm 
(16) 

Dividing both sides by f the ratio of 
Af over f, the deviation ratio is ob- 
tained. 

of 1 -= 1 (17) 

f G R1 o gm 
1 -}- 

C -}- C1 R1 gm 

Equation (17) may be simplified by 
assuming that the quantity C,R,gm is 
small compared to C and can be 
neglected. 

of CiRiogm 
= 1 -}- -1 

f C 

The expansion 
(1+x)°= 1+nx+.... 

(18) 

(19) 
can be used for the first term. For an 
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approximate result all terms after nx 
may be neglected. 

The approximate result for the de- 
viation becomes 

Af C1 R1 gm 

f 2C 
(20) 

Other Types of Reactance Tube Cireuits 

The 90° phase shift of the grid volt- 
age can be obtained by many R, L, and 
C circuits. In Figure 5 we have the 
feedback circuit of a reactance tube 
where the resistance and capacitance 
has been interchanged. R0 is a resistor 
of very high value, over megohm, 
used to prevent static charges from 
building up on the grid. In this case 
the current is determined by the re- 
sistance R, which is very much larger, 
at least 5 times the reactance of the 
capacitor C, at the frequency that is 
employed. The impedance across the 
plate circuit is inductive where the 
value of inductance L1 is given by 

R, C, 
(21) 

gm 

This circuit has the advantage that 
the stray capacitance and input capaci- 
tance across the grid circuit of the 
tube can be used as part or all of the 
capacitance C1. 

Another circuit, shown in Figure 6, 

Figure 7 
A reactance tube circuit employing a resistor 
and inductance to obtain the 90° phase shift for 

the grid voltage. 
L1 

(L1 = ). 
gmR, 
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Figure 8 

A balanced reactance tube modulator employing 
two reactance tubes in push pull, one an inductive 
impedance and the other a capacitive impedance. 

can be obtained by substituting an in- 
ductance L, for the capacitance Ci in 

Figure 5. Then the effective impe- 
dance across the r -f input terminals 
becomes capacitive where the value of 

the capacitance C' becomes 

gm I.1 
C1 = 

R, 
(22) 

Again the value of R, must be at 
least 5 times as great as the impedance 
of L, at the frequency being used. A 
coupling capacitor CB is used to pre- 
vent the plate voltage from reaching 
the grid. 

Similarly another variation, shown 
in Figure 7, can be obtained by sub- 
stituting an inductance L, for the 
capacitance C, in Figure 2. In this 
case the impedance of L, at the fre- 
quency employed should be at least five 
times the value of R1. The impedance 
across the r -f input terminals becomes 
inductive where the value of the in- 
ductance L1 is given by 

There are numerous other combina- 
tions of inductances, capacitances and 

resistors that can also be used to ob- 
tain the 90° phase shift. In some 
cases even more than a 90° shift is 

employed to compensate for the cur- 
rent drawn by the plate resistance of 
the tube. It can be seen from Figure 
3 that if the grid current vector ig 

were shifted more than 90° from the 
plate voltage vector ep, it is possible 
to make the angle between iD1 and ip2 

great enough so that io will be at a 
90° angle to er. 

In any of the circuits employed, the 
frequency of the oscillator can be ob- 
tained by calculating the resonant 
frequency of the tank circuit with 
the reactance tube impedance in par- 
allel, as indicated for the circuit of 
Figure 4. In this manner the varia- 
tion in gm may be calculated and the 
necessary audio voltages obtained from 
the characteristics of the tube. The 
frequencies employed are very often in 
the 5 -mc region although they vary 
widely from that value. If the normal 
deviation of ± 75 kc at 100 mc is de- 
sired it means that a deviation of 
-!- 3.75 kc would be necessary at 5 

mc. This, of course, is easily obtain- 
able. 

Balanced Reactance Tube Circuit 

In Figure 8 appears a circuit with 
two reactance tubes in push pull. Tube 
1 employs a capacitive circuit while 
tube II employs an inductive circuit. 
Both plate circuits are paralleled 

across the tank circuit of an oscillator, 
tube III. Thus the resonant circuit 
consists of the capacitance. C' of tube I 
in parallel with the inductance L1 of 
Tube II, the combination of which is 

in parallel with the L and C of the 
tank circuit. Now as an audio voltage 
is impressed across the audio input, the 
grid voltage of tube I, at one instant, 
will go positive while the grid voltage 
of tube II will go negative. This 
means that the capacitive current will 
increase resulting in a higher effective 
Cl across the tank circuit while the 
inductive current will decrease result- 
ing in a higher effective L' across the 
tank circuit. Thus both the L and C 
will increase together causing the fre- 
quency to drop. We notice, however, 
that one tube is operating in the gm 

region above the operating point and 
the other is operating in the gm region 
below the operating point. As in the 
push -pull amplifier case this will de- 
crease the distortion. Since it consists 
of two tubes in parallel, it allows the 
swing on each tube to be reduced and 
thereby also cuts down distortion. 
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A 
VETERAN WIRELESS OPERATORS ASSOCIATION NEWS 

W. J. McGONIGLE, President RCA BUILDING 30 Rockefeller Plaza, New York, N. Y. GEORGE H. CLARK, Secretary 

AT THE TWENTY -FIRST 
ANNIVERSARY VWOA 

DINNER - CRUISE 

[Top Left] 
Major -General Harry C. Ingles, Chief Signal 
Officer of the U. S. Army, thanking Brig. 
General David Sarnoff, president of RCA, 
for the Marconi Memorial Medal of Service 
presented during an NBC broadcast. Rear 
Admiral Joseph R. Redman (U.S.N.Ret.) at 

right, also received a Medal of Service. 

[Left] 
Dr. Frederick B. Llewellyn, president of the 
IRE, receiving the Marconi Memorial Service 
Award Plaque for the IRE, for the outstand- 
ing work of radio engineers during World 
War II, from W. J. McGonigle, VWOA 

prexy. 

[Below Leff] 
E. J. Girard, assistant vice president of 
FTR, with the VWOA Scroll of Appreciation 
awarded for his Liberty and Victory ship 
radio marine installation work. Looking on 
is R. H. Frey, radio supervisor of the Bull 

Steamship Lines. 

[Below] 
E. H. Rietzke, president of the Capitol Radio 
Engineering Institute and Sgt. Irving Strob- 
ing, Signal Corps, U.S.A. Sgt. Strobing, 
the Army radio operator who sent the last 
message from Corregidor, received the Mar- 
coni Memorial Medal of Service. Sgt. 
Strobing also received a VWOA Capitol 
Radio Engineering Institute scholarship re- 

cently. 
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Above: Captain Charles W. Horn, U.S.N.R., 
formerly with the office of the Director of 
Naval Communications, and John V. L. 
Hogan, pioneer radio inventor. 

Above: Forrest Vosler, World War II hero, 
recipient of the Congressional Medal of 
Honor, who was awarded the Marconi 
Memorial Medal of Valor. Below: Jack 
Poppele, vice president and chief engineer 
of WOR and TBA president, with George P. 

Adair, FCC chief engineer. 
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iIirrafirs ,aotaw S- 

ew beauty'and per- 
ect ventilation in the 

Tuning range from 

540 kt to 42 Mc con- 

finuous in four bands 

Self -contained, shock 

mounted, permanent 
magnet dynamic 
speaker 

All controls Logically 

grouped for easiest 

operation., Normal 
position for broad- 

-c a st. ° reception 
marked in red, ma 

ing possible general 
use by whole family. 

Standby receive 
switch 

(APPROXIMATELY) 

new utility in a great $7950 
new communications receiver .. .. 
Here is Hallicrafters new Model S -40. With this great communications receiver, handsomely designed, 

expertly engineered, Hallicrafters points the way to exciting new developments in amateur radio. Read 

those specifications ... it's tailor -made for hams. Look at the sheer beauty of the S -40 ... nothing like it 

to be seen in the communications field. Listen to the amazing performance ... excels anything in its price 

class. See your local distributor about when you can get an S -40. 

INSIDE STUFF: Beneath the sleek exterior of the S -40 is a beautifully en- 

gineered chassis. One stage of tuned radio frequency amplification, the 

S -40 uses a type 6SA7 tube as converter mixer for best signal to noise 

ratio. RF coils are of the permeability adjusted "micro -set" type identical 
with those used in the most expensive Hallicrafters receivers. The high 

frequency oscillator is temperature compensated for maximum stability. 

From every angle the S -40 is an ideal receiver for all high frequency 
applications. 

.,. 
1.. it 

4e. 

COPYRIGHT 1945 THE HALLICRAFTERS CO. 

hìillìcríifler5 RADIO 
THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO 
AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 

Sole Hallicrafters Representatives in Canada: Rogers Majestic Limited, Toronto - Montreal 
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GRAPHICAL SOLUTION of Series Circuits 

Figure 1 

Vector diagram of circuit where impedance Z 
at angle o is equal to the sum of r rebabtanca 

sad reactance at right angles. 

IF a series circuit contains both a 
resistance and a reactance, the 
absolute value of the impedance is 

found by adding the resistance in 
ohms to the reactance in ohms, at 90 °. 

ZI=VRS+?.f (1) 

The angle that the impedance makes 
with the resistance (the phase angle 
between the voltage across the circuit 
and the current in the circuit), is ob- 
tained by finding the angle whose 
tangent is equal to the reactance in 
ohms divided by the resistance in 
ohms. 

X 
e =tan'- 

R 
(2) 

1f j is a symbol that means right 
angle, then equations (1) and (2) 
can be written as one equation: 

Z ±6= R±1X (3) 

Equation (3) can be interpreted as: 
An impedance Z at an angle 0 is equal 
to the sum of a resistance and a re- 
actance at right angles. Equation (3) 
does not introduce a new method of 
solution. It is just a simplified way pf 
writing equations (1) and (2) . The 

by PAUL K. HUDSON 
Associate Prvtrsso! et Elr¿Ircdl Enginrrring 

Univtr_A) Of IOfty 

vector diagram of the circuit i. shown 
in Figure 1. 

Although equations (1) and ( 2 ) 
are simple algebraic expressions, they 
are nevertheless very cumbersome to 
use (even if a slide rule is available) 
because there are so many different 
operations involved in getting an 
answer. Particular care must be ex- 
ercised in locating the decimal point 
when R and X are squared. Other- 
wise they cannot be added together 
correctly. To simplify this problem, 
a chart ( Figure 2) has been prepared. 

Description of the Curt 

It will be noticed that the left hand 
member of equation (3) is the general 
form or representation of a point in 
polar coordinates, and the right hand 
member is the general form or repre- 
sentation of a point in rectangula1- co- 
ordinates. The series circuit problem 
is, therefore, a problem of converting 
points in one set of coordinates to cor- 
responding points in the other set of 
coordinates. 

Use of Polar Coordinates 

The chart was made by super- 
imposing polar coordinates upon rec- 
tangular coordinates. Only one quad- 
rant is shown, but the chart can be 
used in any quadrant simply by rotat- 
ing it to the desired quadrant. 

Theory of Chart 

When a point has been located in 
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the rectangular coordinate system it 
has been outt>muticully located in the 
polar coordinate system and vice 
versa. 

Numbering ápshs, Used 

The coordinates of the chart have 
been numbered from 0 to 10 and from 
U to 20. Any number system can be 
used and the decimal point can be 
placed wherever desired. Hox ever, 
the numbers must be consistent, i.e., 
they must be the same in the hori- 
zontal and vertical directions. 

Typical Problem 

Let us suppose a resistance of 3 
ohms is connected in series with in- 
ductive reactance of 4 ohms, and we 
want to find the impedance of the 
combination and the angle of the im- 
pedance. 

Solution 

To solve, we first locate + 3 in the 
horizontal direction and then move up 
to + 4 in the vertical direction and 
locate the point. We will note that 
the point falls exactly upon one of 
the large arcs (one -fourth circles on 
this chart). We then follow the arc 
around to either axis and read + 5 
for the value of the impedance. We 
then notice that the point also ties 
very close to a radial line. This radial 
line is followed out to the edge of the 
chart and we find that 53° + is the 
angle of the impedance. 
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Figure 2 

Chart on impedance. The coordinates of the chart have been numbered zero to ten and from 

zero to twenty. However, any number system can be used and the decimal point can be placed 

wherever desired. If the latter system is used, the numbers must be consistent. That is, they must be 

the same in the horizontal and vertical directions. 
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Solving 4- TERMINAL NETWORK 

MIEASUREMENT procedures re- 
quired for the u -h -f and s -h -f 
regions have accented the im- 

portance of impedance and power con- 
cepts. As a result there has been a trend 
toward the analysis of a given system in 
terms of four - terminal networks. 

At lower frequencies analysis of a net- 
work involves the well defined elements 
of resistance, capacitance and inductance. 
By application of Ohm's and Kirchhoff's 
laws the distribution of voltage and cur- 
rent can be predicted and verified. 

With increasing frequencies the mean- 
ing of these cone pts becomes increasing- 
ly vague. This is particularly true in the 
-definition and measurement of current 
and voltage. There is but one exception. 
This is the concentric line (or straight 
waveguide), where voltage and current 
(the field components) and therefore the 
impedance and transmitted power, is still 
well defined. The two latter, further- 
more, can be measured up to the very 
high frequencies. 

This suggests the analysis of the whole 
system in terms of impedance and power 
rather than of voltage and current and 
splitting up of the system into parts in- 
terconnected by concentric lines (or 
waveguides), and to consider these parts 
as new elements of analysis by them- 
selves. These parts are usually referred 
to as four- terminal networks. The whole 
system then consists of a series or par- 
allel connection of four -terminal net- 
works. 

Nothing need be known about the in- 
ternal structure of a four -terminal net- 
work, except that it does not contain any 
generators, rectifiers or other non -linear 
elements. It may, for instance, consist of 
a cavity with two coupling loops. Thus, 
if we connect any load impedance to the 
output loop we can measure, by con- 
necting a line to the input loop, its input 
impedance with regard to the output load. 
All the four -terminal network does, we 
may say, is to transform the output im- 
pedance into the input impedance. This 

Figure 1 

Two vectors (s = r 

+ j=; re - u t iv) 
and two coordinate 
planes. T h e s -plane 
(b) and the w -plane 
(a) are complex planes. 
To each vector, s in 
the s -plane corresponds 
to vector m in the or- 

plane. 

transformation is completed according to 
a definite law, the so- called linear ra- 
tional transformation, which is of 
primary importance in u -h -f and s -h -f 
technique.' 

If the transformation of three different 
load impedances is known the four - 
terminal network is specified and the 
transformation of any other load can be 
predicted. 

Linear Rational Transformation 

Suppose we consider two vectors 
= r + jx and w = u -I- jv and two 

coordinate planes (Figure 1). The 
vector z shall be represented in the z 
plane, the vector w in the w plane. In 
both planes we assume the real axis in 
the vertical direction and positive in the 
downward direction from the origin O'. 
The vector z shall, in our case, represent 
an impedance. Its components r and x 
therefore, represent its ohmic and re- 
active series components. 

Now let us assume that between z and 
w exists the following mathematical re- 
lation : 

az -{- b w- 
cz + d 

(1) 

where a, b, c and d are given constants. 
For any given value of z there will be a 
corresponding value of w. Suppose we 
allow z= ro -}- jxo. By introducing ro 
and jxo in the right side of (1), and 
separating into real and imaginary com- 
ponents, we obtain the components of the 
corresponding vector w = uo -l- jvo. 

Equation (1) gives the general form 
of the linear rational transformation, or 

1An interesting theoretical discussion on this 
subject was presented by A. Weissfloch in Hochfrequenztechn. u. Elektroak; April 1943. 

'This position has been adopted to facilitate 
presentation in relation to the Smith chart. 
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Figure 2 

1 he Smith chart. The 
rectangular coordinate 
system in the z -plane 
is transformed into two 
families of circles in 
the w- plane. L: and I:,_ 
correspond to L w and 
Kw respectively. ((a) 
= tv- plane; (b) = z 

plan ] 

by RICHARD BAUM 
Research Engineer 

Raytheon Manufacturing Company 

circle transformation. The latter designa- 
tion indicates that: 

(I) If the end point of z describes a 
circle in the z plane, the corresponding 
vector w will describe a circle in the 
w plane. 

Now, if s describes any other curve in 
the z plane, vector w will map a corre- 
sponding curve in the w plane. Two 
curves in the is plane correspond to t'.. 
curves in the w plane. In this case it ca 
be proven that: 

(2) The angle between two curves (it) 
absolute value and its direction) at their 
point of intersection is the same as the 
angle between the two corresponding 
curves. 

Now if in (1) we set z= oo we find 
w = a/c and inversely setting w = co 

we find zco _ - d/c which reveals 

another important fact : 

(3) All infinite points of the z plane 
are mapped into one definite point of the 
w plane, and vice versa. 

A straight line can always be con- 
sidered as a circle of infinite diameter. 
The corresponding curve, therefore, is 
also a circle. We can assume that all 
straight lines (whatever their direction 
may be) meet in infinity in a single 
point z = oo (or w = co) . Therefore: 

(4) All straight lines in the s-- plane 
can be considered being circles through 
the infinite point, z = oo ; their corre- 
sponding curves in the w plane are 
circles through the point w = a/c. 

co 
The analogue applies to the straight lines 
in the w plane, which are mapped into 
circles through z = -d /c. 

00 

The conception of a single infinite 
point is simplified if we imagine the co- 
ordinate planes extended over the earth's 
surface, so that they form globes of very 
great diameter. Then all straight lines 
would meet in one single point on the 
opposite side of the globe. 

Circle transformations have many other 
interesting features, but for our purpose 
we shall make use only of the foregoing 
four rules. 

Any point on the surface of one globe 
is related in an unique way to another 
point of the other globe, which we may 
consider as a map of the first one. (Circle 
transformations are often referred to as 
conformal mapping) . Any point is as 
well defined on one globe as on the 
other and it really makes no difference if 
we follow up changes of the z vector or 
of its corresponding w vector. But it 
will prove helpful to consider both vec- 
tors at the same time, always asking what 
does one vector do if we vary the other 
in some definite way and vice versa. 

Let us now consider two important 
special cases of circle transformations . . . 

the Smith chart and the Inversion chart. 

The Smith Chart 

If in (1) we say that a =c =d =1 
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PROBLEMS Graphically 
and b = -1 we obtain 

z -1 
w= 

z 

from which 

z- 1 -}- w 

(2) 

(3) 
1 -w 

This transformation is represented by the 
Smith chart; which is widely used in 

practice. We shall derive it as an ex- 
ample for the application of the four 
rules. 

In Fig. 2 we have 
plane and w plane. 
that any real value 
z = r. will furnish 

w= 
r.- 1 

again drawn the 
From (2), we see 
of z, for instance 
a real value of 

. In other words the real 
ro+1 

axis of the z plane is being transformed 
into the real axis of the w plane. In 
particular, for r. = o and r. = co we find 
w° _ -1 and w = + 1 respectively. 

00 

On the other hand, according to (3), 
w =o; w =oo is mapped into -z° =1 
and z = -1 respectively. The points 

00 

in question are indicated in such a way 
that for points in the z plane the corre- 
sponding values of w are added and vice 
versa. This avoids possible confusion. 
The scale, in each plane, is indicated by 
a dashed circle of unit diameter. 

Now let us try to find the curves in 
the w plane which correspond to the 
straight lines r = r. = constant, in the 
z plane. Obviously they go through the 
infinite point z = oo and they include a 

90° angle with the real (r) axis. Ap- 
plying rules 2, 3, and 4, we find that 
the corresponding curves have to be 
circles going through one definite point 
w = 1 (from foregoing analysis) and 

00 

include a 90° angle with the real (u) 
axis of the w plane. Evidently, then, 
they have the position of the circle Kw in 
Figure 2, which corresponds to the 
straight line K.. Kw can be defined if 

we find just one more point on its 
circumference, like the point of in- 
tersection with the real axis, A.. 
In this point z = r. and the corre- 

r. - 1 

sponding point Aw lies at w = 
r.+1 

(equation (2) ). In particular for 
r° = o, the imaginary axis, we find the 
unit circle in the w plane as a corre- 
sponding curve. 

As the next step, we have to plot the 
circles Lw, corresponding to the straight 
lines L., defined by x = x. = constant. 
As L normal to all other lines K, the 
corresponding circle Lw will include right 
angles with all previously obtained circles 
Kw. Its center, therefore, lies on a 
parallel to the imaginary axis of the w 
plane through w = 1. Again, only one 
additional point need be found for the 
definite location ; the point of intersec- 

sp. H. Smith, Transmission Line Calculator, 
Electronics; Jan. 1939. 

Application of a Few Simple Relations Pertinent to Linear 

Rational Transformations Affords a Graphical Solution of 

Impedance Problems. Networks Considered Are Four -Ter- 

minal Containing Either Lumped or Distributed Constants 

(as in Transmission Lines) , with the Exclusion of Those 

Involving Non -Linear Devices. Use of the Smith and Inver- 

sion Charts Is Indicated and Explained in Detail. Results 

Are Particularly Useful in Solving Microwave Problems. 

tion with the imaginary axis, points B. 
jx. -1 

and Bw. Here z = jx. and w = 
j x. -}- 1 

= exp [2 tan -1(- xo) ] _ - exp 2 E. 

By mapping in the w plane the whole 
family of lines, r = r. = constant and 
x = xo = constant, we obtain the Smith 
chart. It is now quite simple to find, 

to any given points in one plane, the 
corresponding point in the w plane by 

using this transformed set of coordinates. 
That is, we can locate the points corre- 
sponding to z = 1, -!- j and o with 
w =o, ±j and -1. 

Thus we find that the lower half of 
the z plane (where r, the resistance, is 

positive), is mapped inside the unit circle 
in the w plane. In particular, the posi- 
tive reactance part of it is mapped into 
the positive side of the w plane. The 
points -!- j do not change their position. 

The importance of the transformation, 
equation (2), originates in its applica- 
tion to the theory of transmission lines. 
The input impedance z of a transmis- 
sion line is 

Z,. = -=tanh ('Yl a.) (4) 
Z. 

where : Z. = characteristic impedance of 
the line 
'y = a -{- jP = propagation constant 
a = damping constant 
P = wavelength constant 
So = complex constant, given with 

Z: 
Z1 = load impedance by - = tanh a 

Z. 
= line length in degrees, counted from 

load end towards generator 

E(ryl +ao) -E -('yl +50) 

E('y/+ao) + E -(til+a°) 
from which 

Figure 3 

Transmission line anal- 
ysis. T h e w- vector 
moves along circles, 
Cw. To the families of 
Cw circles Cw a n d 
radii Rw in the w- 
plane correspond two 
families of circles, Co 
and Rz, in the z- plane. 
respectively. [(a) _ 
w- plane; (b) = z 

plane.] 

- E-2(71+50) 
z-1 

z + 1 

In the case of no attenuation ti = jP 

z -1 
(- £ ZSa) E28 l 

z + 1 

On the right side, we fiiid an expres- 
sion defining the transformation of z we 
just have considered. Setting the con- 
stant factor 

(5) 

(6) 

( 
-E 2bo) - a, 

we can say that 

z -1 
aE2' = -W (7) 

z+ 
The left side shows that the constant 

vector a, given by the load, rotates with 
increasing line length l by an angle pro- 
portional to twice the line length 1, in 
clockwise direction. That is, w describes 
a circle in the w plane as we move along 
a transmission line. 

Let us now study the circles of the w 
plane and the radii and see how they look 
like in the z plane, Figure 3. We must 
map the circles I w I = constant and 
the straight lines 1 w = constant in 

the z plane. 
One such circle is shown and desig- 

nated Cw. It cuts the real axis in two 
points equidistant from the original point, 
w1,9 = ± Pw (Pw being the circle di- 
ameter.) The two corresponding points 
are, with (3) : 

1 -}- P w 

z, _ 
1-Pw 

1-Pw 1 

z.= _- 
1 -{- Pw zi 
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Both points are located on the real z 
axis in such a way that z2 < 1, zt > 1 

and zi z. = 1. The circle C. corre- 
sponding to Cw can now be drawn, as 
its center has to lie on the real (r) 
axis. (Both C. and Cw cut the real axis 
in two points under a 90° angle). 

All radii Rw go through two points of 
.he w plane ; namely w = o and w = oo 

which are mapped into z = -}- 1 and 
z = 1, respectively. R., therefore, is a 
circle through these two points ; its 
center must lie on the imaginary (x) 
axis. If Rw includes an angle of aw 

degrees with the positive (u) axis, then 
the circle R. includes the same angle a. 
with the positive (x) axis. This deter- 
mines the circle. R. and C. as well as 
Rw and Cw, of course, include right 
angles with each other. 

If we observe the point Pw travelling 
at a constant speed along Cw, the corre- 
sponding point P. likewise travels on a 
circle (C.), but not with uniform speed. 
The connection is such that as the angle 
aw increases, the angle a. between circle 
R. and r axis stays always equal aw, and 
the circle R. goes always through the 
points ± 1, intersecting C. in P.. 

An almost identical problem is to find 
the circles in the w plane which corre- 
spond to the curves z = constant 
(constant absolute impedance) and 

z = constant (constant phase angle). 
The solution is given in Figure 4, with 
all necessary construction data. It is 
advantageous to draw this w plane 
diagram on transparent paper in a scale 
of the available Smith chart. Points of 
equal phase or equal amplitude can then 
be easily located. 

The circles corresponding to I z = 
constant = a go through the points 
w = ± 1 and include the angle a with 
the u axis. 

The circles corresponding to I z I _ 
constant = P. have their center on the 
u axis and a radius of 

1 ` 

PwI=.S --Pa 
P2 

Let us now assume that (Figure 5) 
the impedance of a network at a certain 
point varies, at constant frequency, in 
such a way as to describe in the z plane 
a circle C. (or a straight line), and 
therefore, in the w plane, a circle Cw. 

If we add a constant resistance, R, in 
seriés, the circle in the impedance (z) 
plane just moves a corresponding dis- 
tance in the direction of the positive r 
axis. If we add in series a constant re- 
actance the circle moves in the direction 
of the positive x axis (if we added 
inductance) or in the direction of 
negative x axis (if we added capaci- 
tance). A similar case is that of 
the lossless transformer (represented for 
instance by a sudden change in the 
characteristic impedance of a line). Such 
a transformer just multiplies the impe- 
dance by a real factor f and therefore 
just contracts or expands the circle C. 
into a new circle C1., as shown in Figure 
5, without changing its circular shape. 
In the first mentioned cases correspond- 
ing points before and after added series 
components move along lines x = con- 
stant or r = constant. In the present case 
they move along lines of constant phase 

z. The addition of a transmission line 
in series provokes a rotation of the Cw 
circle, in the w plane, around the origin 

Figure 4 

The Carter chart. The 
circles of constant im- 
pedance Iz¡ a n d the 
lines of constant phase 
angle lz are mapped 

into t w o families of 
circles in the w- plane. 
[(a) = w- plane; (h); 

z plane. 

in the sense of the arrow (twice 
degrees as the line is long). 

This shows clearly that we are able 
to follow upthe impedance through any 
network consisting of series arrange- 
ments of any kind of impedances and 
transmission lines. However, we still 
have the parallel arrangement to con- 
sider. 

as many 

The Inversion Chart 

As an example of inversion, we may 
use a quarterwave transmission line. The 
input impedance Z1. and the load im- 

Figure 5 

Series connection of 
resistance (or react- 
ance) which displaces 
t h e impedance circle 
Ca parallel (or nor- 
mal) to the r axis. A 
(ossless transformer ex- 
pands or contracts the 
impedance circle. Series 
connection of a trans- 
mission line rotates (in 
the w- plane) the cor- 
responding circle Cw. 
[(a) = m- plane; (b) 

= z plane.] 

ordinate system of the z plane into the 
w plane is shown. 

The origin of the z and w plane corre- 
sponds to w = oo and z = oo respectively. 
The real axis r maps again into the real 
axis u and the imaginary axis at x into 
the imaginary axis - v. The parallel 
lines R. to the x axis are transformed 
into circles Rw through w = o, normal 
to the u axis. The parallels X. to the 
r axis are transformed into circles X 
through w = o, but normal to the y axis. 
An additional point is necessary to define 
any of these circles ; the point corre- 
sponding to the point of intersection of 

(o) lb) 

pedance Z1 are related by 

Z1 = - 
Zia 

(8) 

where Z. = characteristic impedance of 
the line. With 

Zt 

z = - 
Z. 

and 

1 w=- 
z 

Zia w=- 
Z° 

(9) 

This relation is called inversion ; it is 
again a special case of (1) with 
b = d = o and a = = Therefore, all 
rules derived for circle transformations 
apply to this case also. 

In Figure 6 the mapping of the co- 

Figure 6 
The Inversion chart. 
T h e rectangular co- 
ordinate system of the 
z -plane is mapped into 
two families of circles 
through the origin of 
the m- plane. Parallel 
connections of imped- 
ances can be reduced 

to conversions. 

R. or X. with the coordinate axis, using 
equation (9) is the best choice. 

To calculate the impedance obtained by 
connecting two impedances Z, and Z. 
in parallel, we have to inverse their 
values, add and inverse again, 

1 1 1 - _ - -}- - 
Z Z, Z, 

Inversion Smith Diagrams 

Using an inversion diagram and a 
Smith diagram, we are therefore able 
to follow up networks containing parallel 
or series arrangements of lumped con- 
stants (L, C, R) or lines, if we leave the 
frequency constant and change only the 
output (load) impedance. 

4See Carter diagram, Figure 14; Part II. 
To Be Continued] 
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ginnou ncing 

New 
CONCORD 

RADIO 
CATALOGS 

Ready Soonf The presses are roaring now, pouring 
out the thrill -packed pages of the first great, post-war 
COMPLETE CONCORD Catalog- featuring 

RADIO SETS AMPLIFIERS 

RADIO PARTS 
ELECTRONIC EQUIPMENT 

Soon it will be in your hands, presenting the 
complete line of brand new post-war designed 
CONCORD Radio Receiving Sets and Amplifiers 
-incorporating a host of new improvements, 
new developments, modern cabinets, and su- 
perb quality throughout -plus page after page 
of nationally known standard top quality 
radio and electronic equipment, supplies and 
amateur equipment. Mail the coupon below 
NOW-to be sure your FREE copy will be 
mailed to you as soon as off the press. 

Ready Now! 
New CONCORD 
Bargain Book of 
RADIO PARTS 

SUPPLIES 
EQUIPMENT 

Just off the pressi The newest Concord Bar- gain Book listing hundreds of money -saving bargains in hard -to -get, standard -make radio parts and electronic equipment. Select your needs from remarkable values in Con- densers, Resistors Meters. Transformers. Volume Controls, Relays, Switches, Genera- tors, Microphones, Speakers. Tools, etc.. etc. 
Mall coupon for your copy now. 

L- 

RADIO CORPORATION 
LAFAYETTE RADIO CORPORATION 

CHICAGO 7 
901 W. JACKSON BLVD. 

ATLANTA 3 
265 PEACHTREE ST. 

Concord Radio Corporation, Dept. R -36 
901 W. Jackson Blvd., Chicago 7, Illinois 
Please mall immediately FREE copy of the 
New Radio Parts Bargain Supplement -- -and 
place my name on the list to be one of the 
first to receive the new CONCORD COMPLETE 
CATALOG 
Name 
Address 
City State 

J 

54 COMMUNICATIONS FOR MARCH 

NEWS BRIEFS 
JOHN F. RIDER RECEIVES 
LEGION OF MERIT 
John F. Rider, Lt. Col. Signal Corps (retired) 
received the Legion of Merit medal recently for 
his . . . "exceptional administrative service to 
the Signal Corps Publication Agency." 

w a w 

DUMONT AND RCA OFFER TELESET 
CHANNEL REALIGNMENT SERVICE 
The Television division of Allen B. DuMont 
Laboratories, Inc., and the RCA Service. Com- 
pany, Inc., have arranged to convert DuMont 
and RCA sets, respectively, for the new chan- 
nels. 

DuMont telesets will be changed over to re- 
ceive all three New York television stations 
WABD, WNBT and WCBW. This work, as 
well as pickup and delivery of the set, will be 
accomplished for a flat fee, around $30. 

RCA Service shops in the New York, Phila- 
delphia, Chicago, and Los Angeles area will, on 
request from a set -owner, either direct or 
through the RCA dealer in the area, bring in 
the chassis, incorporate revised circuits, and 
then re- install and test it in the owner's home. 
The service will be available at a charge of $30. 

RAY BAUMGART JOINS MOTOROLA 
Ray Baumgart, formerly chief engineer in 
charge of maintenance and construction with 
the Indiana State Police, has joined the staff 
of Motorola. He will work with sales engineer 
Homer Marrs. 

w w w 

F -M LICENSE FEES REDUCED 
License fees for f -m receivers and transmitters 
have been reduced, according to Major Edwin 
H. Armstrong. 

Transmitter fees are now cut in half. 
Licenses issued to broadcast stations will con- 

tinue to be based on the operating power of 
the station. Charges are from $150 for a trans- 
mitter with an operating power of 250 watts to 
$2,500 for a transmitter with an operating power 
of 50 kilowatts. 

In the broadcast receiving set field, royalties 
have been reduced by approximately 20% from 
the prewar rates, resulting in an effective cur- 
rent royalty rate of approximately 1% of the 
manufacturer's gross selling price or % of 1% of 
the price paid by the ultimate purchaser of the 
receiver. 

* * w 

SYLVANIA PROMOTES ALMY, RAINIER, 
GILPIN, ERSKINE, GUNN Ft JONES 
R. P. Almy has been appointed assistant gen- 
eral sales manager of the radio division of Syl- 
vania Electric Products, Inc. Harold H. Rainier 
succeeds him as manager of distributor sales. 
radio division. 

Harold P. Gilpin has become assistant gen- 
eral sales manager of the radio division in 
New York City. 

Bernard J. Erskin is now manager of parts 
sales, with headquarters in Emporium, Penn- 
sylvania. 

D. W. Gunn will now make his headquarters 
at Cleveland, Ohio, for the radio tube division 
of Sylvania. Working in the East Central 
division, he will cover the states of Michigan, 
Ohio and Indiana. 

Walter R. Jones has been appointed chief 

B'KLYN POLY 500- WATTER 

W2BXK, 500 -watt amateur station at the Poly- 
technic Institute of Brooklyn built by senior 

electrical engineering students. 

1946 

PREMAX 

Mobile Antennas 
by Premax 

Police, fire, utility crews all depend on 
Premax Tubular Steel or Aluminum Antennas 
to keep in touch. All styles, from the short 
"whip" to the telescoping 35 -foot Antenna 
with special mobile mounting. Send for 
special Bulletin No. 460. 

Premax l°rocIuc/s 
Division Chisholm -Ryder Co., Inc. 

4610 Highland Avenue, Niagara Falls, N. Y. 

ZOPHAR 
WAXES 
COMPOUNDS 
and 
EMULSIONS 

FOR 

INSULATING and WATERPROOFING 
of ELECTRICAL and 

RADIO COMPONENTS 

Also for 
CONTAINERS and PAPER 

IMPREGNATION 

FUNGUS RESISTANT WAXES 

ZOPHAR WAXES and COMPOUNDS 
Meet all army and navy 
specifications if required 

o 

inquiries invited 

ZOPHAR MILLS, INC. 
FOUNDED 1846 

122 -26th ST., BROOKLYN, N. Y. 
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engineer of the radio tube division. He was 
formerly general engineering manager. 

« 

Left: H. H. Rainer 
Above: R. P. Almy 

MILLS AND WATTS IN 
NEW RCA POSTS 
Allan B. Mills has been named merchandise 
manager of the home instrument department of 
RCA Victor. 

W. W. Watts has become general sales 
manager of the engineering products depart- 
ment of the RCA Victor division. 

Mr. Watts comes to RCA after serving as a 
Colonel in the Signal Corps for three and one - 
half years. 

* * * 

FRANK FOLSOM AWARDED 
MEDAL FOR MERIT 
Frank M. Folsom, executive vice president in 
charge of the RCA Victor Division, Camden, 
N. J., recently received the Medal for Merit 
from the Navy for "exceptionally meritorious 
conduct in the performance of outstanding 
services as Chief of the Procurement Branch 
of the Navy Department's Office of Procure- 
ment and Material." * e 

BORTNICK BECOMES RAYMOND 
ROSEN AD MAN 
Harry Bortnick has been appointed general 
advertising and sales promotion manager for 
Raymond Rosen and Company. 

JAMISON JOINS PHILIPS 
Dr. Noel C. Jamison, research physicist, has 
joined Philips Laboratories as division chief 
in charge of electro- acoustics. 

Dr. Jamison was assistant professor of phy- 
sics at Northwestern University until 1941 and 
during the war was at Harvard University. 

« e 

KELLOGG SWITCHBOARD TO SELL 
PHILCO F -M MOBILE UNITS 
The Kellogg Switchboard and Supply Company 
has arranged to furnish and install f -m mobile 
radiotelephone equipment, for the independent 
telephone field, manufactured expressly for 
Kellogg by Philco. 

e » e 

LEGION OF MERIT AWARDED TO 
A. B. CHAMBERLAIN 
A. B. Chamberlain, chief engineer of CBS, 
was recently awarded the Legion of Merit by 
the Navy for . . . "exceptionally meritorious 
conduct in the performance of outstanding 
services . . . as Assistant Head of the De- 
sign Branch, Electronics Division. Bureau of 
Ships, from April to October 1945." 

e e 

RICE NOW LEAR ASSISTANT 
CHIEF ENGINEER . 

Harry E. Rice has been appointed assistant 
chief enginer of the radio division of Lear, Inc. 

George D. Rice, who had been acting assist- 
ant chief engineer recently. retains his position 
as service manager, home radio division. 

* e 

WCEMA NAMES OFFICERS 
Lew Howard was recently elected chairman 
of the Los Angeles council of the West Coast 
Electronic Manufacturers Association. D. A. 
Marcus was named vice chairman, and James 
L. Fouch was reelected treasurer. 

% e « 

RCA REVIEW RESUMES PUBLICATION 
Publication of the "RCA Review" was resumed 
in March. Issues will appear on a quarterly 
basis. 

Publication was suspended in 1942 when dis- 
tribution of technical information was restrict- 
ed by wartime security regulations. 

George M. K. Baker is manager of the pub- 
lication. Editorial offices are at Princetn.7 
N. J. 

# « * 

HALLICRAFTERS BUYS 
ELECTRONIC WINDING 
The Electronic Winding Company, 5031 
way, Chicago, Ill., has been purchased 
Hallicrafters Company. 

All facilities and personnel will be 

(Continued on page 56) 
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Complete Selectivity on ONE Pane /! 
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 to fit your studio requirement. 

Now Available Nationally Through: 
TURNEY & BEALE, 40 -08 Corp. Kennedy St., Bayside, Long Islana, New York 

WRIGHT ENGINEERING CO., 4241 Melbourne Road, Indianapolis, Indiana 

MANUFACTURED AND SOLD IN THE WEST BY: 

ARIATEN 

CINEMA 
ENGINEERING COMPANY 

1 ESTABLISHED, 1935 

1510 W. VERDUGO AVE., BURBANK, CALIFORNIA 
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;- 

PROVIDE DELAYS RANGING 
FROM 1 TO 120 SECONDS 

Other important features include:- 
1. Compensated for ambient temperature 
changes from -40° to 110 °F. 

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

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

Explosion -proof. 

4. Octal radio base for easy replacement. 

5. Compact, light, rugged, inexpensive. 

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

WHAT'S YOUR PROBLEM? Send for "Spe. 
cial Problem Sheet" and Descriptive 
Bulletin. 

AMPERITECO . NEW YORK 12, 
BROADWAY 

Y. 

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

with 
porcelain 
heater 

with heater wound 
directly on blade 

I/ 

Doughnut Coils for electronic and telephone purposes. 

High Permeability Cores are hydrogen annealed and 
heat treated by a special process developed by DX engi- 
neers. Send us your "specs" today -ample production 

facilities for immediate delivery. 

GENERAL OFFICES 1200 N. CLAREMONT AVE , CHICAGO 22, ILL . U S A. 
'the heart of a . ood receiver' 
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NEWS BRIEFS 
(Continued from page 55) 

from the present location at 1323 South Michi- gan Avenue to the Broadway plant. Irving Glerum will head the newly enlarged division as superintendent, with J. S. Patterson and Frank Mitchell as engineers 
* * * 

ELECTRONIC ENGINEERING CO. 
INCORPORATES 
The Electronic Engineering Company, Chicago, voted to incorporate recently, and will be known as Electronic Engineering Company, Inc. Edward J. Rehfeldt is president. 

* * * 

R. M. DORE NOW WITH 
SHAPPE WILKES 
Robert M. Dore, for the past four years an agent of the Federal Bureau of Investigation, has joined Shappe- Wilkes, Inc., New York, as head of research and merchandising. 

* * * 

FINCH APPOINTS MAJ. BRICK 
ASSISTANT TO PRESIDENT 
Major Frank R. Brick, Jr., has been named assistant to the president of Finch Telecom- 
munications, Inc., Passaic, N. J. 

. 
DU MONT C -R TUBE AND 
OSCILLOGRAPH BULLETIN 
Two catalogs, one describing eight cathode - ray tubes, the other covering six oscillographs, 
are now available from Allen B. Du Mont 
Laboratories, Inc., Passaic, N. J. 

* * e 

COLONEL SOSTHENES BEHN 
RECEIVES MEDAL FOR MERIT 
The Medal for Merit was recently awarded to 
Colonel Sosthenes Behn, president of Interna- 
tional Telephone and Telegraph Corporation. 
Presentation was made by Major General Harry 
C. Ingles, Chief Signal Officer of the Army. 

C -D RECEIVES NAVY AWARD 
The United States Navy recently awarded the 
Certificate of Achievement to the Cornell -Du- 
bilier Electric Corporation in recognition of 
the supplying of capacitors for the radio prox- 
imity fuzes. 

. * * 

WARD LEONARD OPENS 
NEWARK SALES OFFICE 
Ward Leonard Electric Co., Mount Vernon. 
N. Y., has opened an office in the Industrial 
Office Building, Newark 2, New Jersey. R. W. 
Vonasch, formerly attached to the home of- 
fice sales engineering department, is district 
manager. 

* ** 
SPARKS, LEEDOM AND 
ALGER JOIN SPRAGUE 
George R. Sparks and John N. Leedom have 
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been appointed field engineers of the Sprague 
Products Company, North Adams, Mass. Both 
men will work under the direction of research 
engineer Leon Podolsky. 

P. B. Alger, former Lieutenant Commander 
in charge of naval inspection at the Strom - 
berg- Carlson plant in Buffalo, has joined the 
Sprague Electric Company, North Adams, 
Mass., as an application engineer. 

Ernest L. Ward, formerly a partner of the 
Boston investment banking firm of F. S. Mose- 
ley and Company, has joined the executive 
staff of Sprague Electric. 

MR. RADIOMAN: 

'CREI Training Can Equip You 
To Step Ahead of Competition 

and Gain the Confidence 
Born of Knowledge ! .. . 

G. R. Sparks J. N. Leedom 
* * * 

ECA NAMES MOUNTJOY V -P 
Garrard Mountjoy has been elected vice presi- 
dent in charge of engineering of the Electronic 
Corporation of America, 45 W. 18 Street, N. Y. 

Mr. Mountjoy was formerly director of radio 
research and development and director of the 
New York laboratories of Lear, Inc. 

* 

JENSEN NAMES 5 -MAN 
PLANNING COMMITTEE 
Postwar planning and sales for Jensen Radio 
Manufacturing Company, Chicago, have been 
placed in the hands of a five -man committee. 
Serving on the committee are: Ralph T. Sulli- 
van, eastern district sales manager; Charles A. 
Hansen, Western district sales manager; Sher- 
man K. Hughes, sales office manager; Harold 
S. Hoffman, city salesman; and Bayard H. 
Clark, advertising and sales promotion man- 
ager (left to right in the photo). 

* * * 

ALLIED CATALOG 
A postwar catalog covering parts, test units, 
batteries, radios and phonographs, public ad- 
dress and intercommunication equipment, re- 
corders and accessories, communications receiv- 
ers, kits, record changers, phonograph motors, 
tools, books, diagrams, etc., has been released 
by Allied Radio Corp., 833 West Jackson Blvd., 
Chicago 7, Illinois. * * 

POVLSEN JOINS MAGUIRE 
Paul K. Povlsen has been named vice president 
and general manager of Maguire Industries, 
Inc. 

Mr. Povlsen will supervise all manufacturing 
operations of the company. 

Mr. Povlsen was formerly vice president in 
charge of production for the J. I. Case Co. of 
Racine, Wis. 

Walter B. Scott, industrial engineer, also 
formerly with the J. 1. Case Co., has joined 
Maguire Industries, Inc., as an assistant to 
Mr. Povlsen. 

* * 

GRIGSBY- ALLISON OPEN 
COMPONENT PLANT 
The Grigsby - Allison Company, Inc., have 
opened a new plant at 407 North Salem Ave- 
nue, Arlington Heights, Illinois. Initial pro- 
duction will he on rotary switches, to be followed 
by push button switches, tuners and other 
electrical and mechanical devices. 

R. J. Grigsby is president of the new com- 
pany, and K. C. Allison is vice nresident. Mr. 

(Continued on page 60) 
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Will You Be Ready? 

CREI Can Prepare You Now 

for a Better Job and a Secure 

Career in RADIO- ELECTRONICS 

CREI technical home study training prepares 
you for the secure radio jobs that pay good money 
for ability.. 

You can be ready to enjoy the security of an 
important engineering position and take advantage 
of new career opportunities . . . if you prepare 
yourself now. 

Join the ambitious radiomen who are assuring 
themselves of secure good -paying jobs with a 

planned program of advancement made possible 
by CREI home study training in Practical Radio - 
Electronics Engineering. 

You can study at home -in your spare time - 
develop your technical ability - increase your 
knowledge to keep pace with important develop- 
ments now taking place in the industry. CREI 
courses are constantly being revised and kept 
up -to -date with the rapid developments. 

By adding CREI training to your present radio 
experience, you can safeguard your future and 
have a thorough knowledge of U.H.F. Circuits, 
Cavity Resonators, Pulse Generators, Wave 
Guides, Klystrons, Magnetrons and other tubes. 
Are you equipped to handle them? CREI is 
equipped to help you, by providing the know -how 
and the ability that is required. 

Act now! Get underway today. It costs nothing 
but a moment's time to send for complete details - without obligation. 

JUST OFF 
THE PRESS! 

WRITE FOR 

FREE 36 -PAGE 
BOOKLET 

"Your Opportunity 
in the New World 

of Electronics" 
If you have had profes- 
sional or amateur radio 
experience and want to 
make more money, let us 
Prove to you we have some- 
thing you need to qualify 
for a better radio job. To 
help us intelligently an- 
swer your Inquiry - 
PLEASE STATE 
BRIEFLY YOUR BACK- 
GROUND OF EXPERI- 
ENCE, EDUCATION AND 
PRESENT POSITION. 

CAPITOL RADIO ENGINEERING INSTITUTE 
HOME STUDY COURSE IN PRACTICAL RADIO- ELECTRONICS 

ENGINEERING FOR PROFESSIONAL SELF- IMPROVEMENT 

Dept. CO3, 3224 - 16th Street, N. W., Washington 10, D. C. 
Contractors to U. S. Navy - U. S. Coast Guard - Canadian Broadcasting Corp. 

Producers of Well -trained Technical Radiomen for Industry 

Member: NATIONAL COUNCIL OF TECHNICAL SCHOOLS 
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No. 33446 - Cavity Socket 
Contact Discs 

Now that the Secret classification has been 
lifted from the General Electric type GL496 
or "Lighthouse" ultra high frequency tube, 
we can list the cavity contact discs we have 
been furnishing to authorized customers 
during the past few years. This set consists 
of three different size unhardened beryllium 
copper multifinger contact discs. Heat treat- 
ing instructions forwarded with each kit for 
hardening after spinning or forming to 
frequency requirements. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

Airport 
AUDIO B 

OME types of airborne radio 
equipment can be effectively 
adapted to control -tower use with 

but a few changes. In an installation 
at an aircraft manufacturer's airport, 
a v -h -f airborne system was recently 
modified to serve as a monitor in the 
control tower. The alteration involved 
the addition of an amplifier to provide 
a more consistent signal and adequate 
monitoring facilities. 

In this installation, it was desired to 
monitor two receivers simultaneously 
to provide maximum intelligibility. 
Figure 1 illustrates the circuit devel- 
oped from a prototype which utilized 
a single 8" speaker and avc. The 
single speaker was found to be ineffec- 
tive on low volume and not much bet- 
ter on real high volume. Thus two 
small speakers which, incidentally, used 
the restricted space more efficiently, 
were installed. 

The gain of the system is adjusted 
first by the volume control on the two 
receivers so that the maximum signal 
experienced will not block the receiver. 
A 50 -ohm potentiometer then estab- 
lishes the maximum level at which the 
loudspeakers are desired to operate in 

Figure 1 
Circuit of converted airborne unit for control -tower use. 

Tower 
OOSTER 

a ;ion -boost position set by a switch. 
A 500 -ohm volume control is adjusted 
for boost loudspeaker output. 

This procedure causes some change 
in non -boost output. However, by trial 
some setting of the 500 -ohm control 
can be found to accommodate both 
boost and non -boost operation. This 
operation obviates the necessity for a 
volume control, which, to be effective 
in this set would have to be amplified. 

As a result of these adjustments, it 
was found that a signal blasting the 
speakers in boost operation would be 
at a normal level when fed directly to 
the speakers by the switch mounted on 
the traffic controller's table. In normal 
operation, with the switch in the boost 
position, occasional blasting does not 
reduce intelligibility below a safe level. 
On receipt of strong signals, the oper- 
ator has the choice of throwing the 
switch into a manually -held, spring - 
return, position for short messages, or 
into a mechanically -held position for 
messages of longer duration. This 
manual operation is the only penalty 
for omission of avc which, to be effec- 
tive, originally consisted of a 2 -tube cir- 
cuit, complicating design and service. 

(F. Albrecht -Glenn L. Martin Co.) 

r 

J 
V -H -F BOOSTER AMPLIFIER 
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INCLUDING 'RADIO ENGINEERING" AND "TE4EVíSION.ENGINEERING" 

e.r 

:N_. 

The only technical journal directed specifically to important 

design, manufacturing and operations engineers concentrated 

in radio; broadcasting (AM -FM); television, facsimile; sound 

recording and projection; aeronautical, police, marine, rail- 

road and all other phases of wired and wireless communica- 

tions. 

ABC Statement and Advertising Rate Card Sent on Request 

BRYAN DAVIS PUBLISHING CO., Inc., 52 Vanderbilt Ave., New York 17, N. Y. 
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FM and AM 
FREQUENCY 
MONITORS 

Direct reading. No charts or com- 
plicated calculations necessary. 
Models available for 110 volt A.C. 
or battery operated portable use. 
Meet FCC requirements. 

DISTORTION 
METER 

Direct reading device which indi- 
cates as a percentage of the funda- 
mental frequency, the square root 
of the sum of the squares of the 
harmonic components. It is used 
for audio frequency measurements 
in any audio device in the usual 
range of voice or musical notes 
from 150 to 15,000 cycles. 

Utilize the many advantages of 
these units now. They are sturdily 
built, self -contained, moderately 
priced. Remember ... equipment 
pioneered by DOOLITTLE years 
ago, still serves efficiently today! 

SEND FOR FULL DETAILS 

RADIO, INCA, 
7421 SOUTH LOOMIS BOULEVARD , 

CHICAGO 36, ILLINOIS 

BUILDERS OF PRECISION 
RADIO EQUIPMENT 

NEWS BRIEFS 
(Continued from page 57) 

Grigsby was formerly vice president of Oak Manufacturing Company, Chicago, and later was vice president and sales manager of Allied Control Company, Inc., New York City. Mr. Allison had been with Oak Manufacturing Com- pany for thirteen years as production engineer. D. J. Grigsby, formerly chairman of the board of the Grigsby - Grunow Company, is treasurer and director. 
e 

CLAROSTAT CATALOG 
A catalog, No. 46, describing wire -wound power resistors and glass -insulated flexible resistors; composition- element and wire -wound rheostats and potentiometers; tapped and tapered con- trols and switches; constant impedance input and output controls and attenuators ; tube-type wire -wound resistors, automatic -line voltage regulators and replacement line ballasts; power rheostats and power resistor decade boxes, has been released by Clarostat Mfg. Co., Inc., 285 -7 N. 6th St., Brooklyn, N. Y. 

NEWARK ELECTRIC OPENS 
ADDITIONAL N. Y. STORE 
Newark Electric Company has opened a new branch at 212 Fulton St., New York 7, N. Y. Managing the new store will be Hy Kahn. Other Newark Electric stores are located at 
323 W. Madison St., Chicago 6, Ill., and 115 -117 
W. 45th St., New York 19, N. Y. 

* 

BOWERS BECOMES AIREON V -P 
Walter A. Bowers has been elected vice- presi- dent and treasurer of the Aireon Manufacturing 
Corporation, Fairfax and Funston Roads, Kan- 
sas City 15, Kans. 

Mr. Bowers was formerly with the Lawrance 
Aeronautical Corporation, Linden, N. J. 

AMERICAN LAVA TO OPEN 
FIELD ENG. OFFICE 
A N. Y. City field engineering office will be 
opened soon by the American Lava Corporation, 
Chattanooga, Tennessee. Samuel J. McDowell 
will be in charge. 

G. R. NAMES ADAMS MANAGER 
OF CHICAGO OFFICE 
Kipling Adams has been appointed manager of 
the Chicago office of General Radio, succeeding 
Lucius E. Packard, who has resigned. He was 
formerly assistant manager of the service de- partment. 

, ** 
MEDAL FOR MERIT TO W. S. GIFFORD 
Walter S. Gifford, president of the American 
Telephone and Telegraph Company received the 
Medal for Merit recently. 

Presentation of the medal and accompanying 
citation was made by Major General Harry C. 
Ingles, Chief Signal Officer of the Army. 

I. C. BROWN NOW WITH RAYTHEON 
Irving C. Brown has been appointed sales man- 
ager of the industrial electronics division, Ray- 
theon Manufacturing Co., Waltham, Mass. 

Mr. Brown was formerly sales manager of 
Thomson -Gibb Electric Welding Co., Lynn, 
Mass. 

e * 

CARSON M. WHEELER JOINS 
A MPEREX 
Carson M. Wheeler, formerly with FTR, has 
joined the Amperex Electronic Corporation, 25 
Washington Street, Brooklyn 1, N. Y., as chief 
engineer in charge of tube development. 

e 

REYNOLDS NOW W. E. 

PUBLICATIONS MANAGER 
Walter M. Reynolds. formerly A. T. & T. in- 

60 COMMUNICATIONS FOR MARCH 1946 

formation manager. has been named W. E. publications manager. 
R. I. Johannesen, editor of the New York Telephone Review, succeeds Mr. Reynolds as 

A. T. & T. information manager. 

JACK SIEGEL NOW STAMFORD 
TRANSFORMER V -P 

Jack R. Siegel has been elected vice- president 
in charge of sales and advertising, of the Stam- 
ford Electric Products Co., Inc., Sunnyside Ave- 
nue, Stamford, Connecticut. Mr. Siegel was 
formerly west coast manager of Philharmonic 
Radio Corporation of New York. 

COMMANDER A. F. VAN DYCK 
AWARDED LEGION OF MERIT 
In recognition of . . "exceptionally meritorious 
conduct in the performance of outstanding ser- 
vices as Officer -in- Charge of Navigational 
Aids," Commander Arthur F. Van Dyck, U. S. 
N. R., assistant to Dr. Charles B. Jolliffe, re- 
cently received the Legion of Merit. Rear Ad- 
miral Monroe Kelly, Commandant of the Third 
Naval District, made the presentation. 

SIGMON RETURNS TO KMPC 
Lt. Col. Loyd C. Sigmon has returned to KMPC 
as chief engineer. 

Lt. Col. Sigmon received the Legion of Merit 
for his work with "SigCIRCUS," the 60 -kw 
portable transmitter assembled in seventeen 
trucks and trailers. 

« 

PRINCE BECOMES HALLICRAFTERS 
GENERAL COUNSEL 
Kenneth C. Prince has been appointed general 
counsel for the Hallicrafters Company, Chicago. 

- 

GRAYBAR APPOINTS COLE 
COMMUNICATIONS S -M 
Burton R. Cole has been appointed communi- 
cations sales manager of the Graybar Electric 
Company, New York City. 

« 

F. M. DAVIS OF COLLINS DEAD 
Frank M. Davis, general manager of the re- 
search and engineering division of the Collins 
Radio Company, Cedar Rapids, Iowa, died 
recently. 

ALLEN REJOINS PHILCO 
Armin E. Allen, following two years service 
with the Navy as Procurement Officer, has re- 
joined Philco as a product manager in the radio 
division. 

e - 
CLARE RELAYS OPEN 
N. Y. -PHIL. OFFICES 
C. P. Clare Sr Co., 4719 W. Sunnyside Avenue, 
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Chicago 30, Illinois, have opened engineering 
and sales offices at 420 Lexington Avenue, New 
York City, and in the Commercial Trust Build- 
ing, Philadelphia, Pa. 

J. W. Concagh will be in charge of the New 
York office. Frazier O. Stratton will be in 

charge at Philadelphia. 

WULFSBERG, HOLLISTER AND 
STEPHENS JOIN COLLINS 
Arthur H. Wulfsberg has joined the Collins 
Radio Company, Cedar Rapids, Iowa, as a mem- 
ber of the research division. He was formerly 
with Sylvania Electric Products, Inc. 

Robert H. Hollister, formerly Chief Inspector 
in the Office of the Resident Inspector of Naval 
Material at Cedar Rapids, has become service 
department manager of Collins. 

Thomas C. Stephens is now with the Collins 
research division. He was formerly an instruc- 
tor in radio and electrical engineering at the 
University of Iowa. 

Above: A. H. Wulfsberg 
Above, right: R. H. 

Hollister 
Right: T. C. Stephens 

INSULINE CATALOG 
The Insuline Corporation of America, 36 -02 35th 
Avenue, Long Island City, N. Y., has published 
a catalog, describing a line of antennas and an- 
tenna accessories. 

E. N. CLARK NAMED RCA INTER- 
NATIONAL MANAGING DIRECTOR 
Edwin Norman Clark, former Deputy Assistant 
Chief of Staff for Supply, Supreme Headquar- 
ters, A. E. F., has been named managing direc- 
tor of the RCA international division. 

V. L. HAAG APPOINTED 
AEROVOX V -P 
Vernon L. Haag, formerly assistant general 
manager of the Illinois Watch Case Company, 
has been appointed vice president of Aerovox 
Corporation, New Bedford, Mass. 

SECOND GROUP OF NOMOGRAPHS 
ISSUED BY FTR 

The second in the series of u -h -f nomographs 
have been issued by the Federal Telephone and 
Radio Corporation, Newark, New Jersey. 

The set now being offered, sixteen in number, 
makes a total of forty, twenty -four being issued 
in the first group. 

Ten of the new nomographs cover wave 
guides. Other nomographs cover a shunt peak- 
ing method of range extension in wide -band 

(Continued on page 62) 
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the new 
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ajaaiz'radio lis1euillg 

Hushatone special design gives it 

excellent tone quality when used 

under pillow or similar covering. 

.. r4 

Small extension ' 
speaker hos 
excellent fidelity. 

Compact - Hushotone is only 4tf6 

in diameter and 1116" thick. Slips 

easily under pillows wherever needed. 

Many radio manufacturers are now equipping their small radios 

with jacks and switches for Hushatones. Can also be easily in- 

stalled in existing sets. Used with home radios the Hushatone 

personalizes listening -allows individual listening choice with- 

out disturbing persons near -by. Thousands in use in government 

hospitals- approved by U. S. Surgeon General. 

The Hushatone is particularly well suited for use in trains, 

planes and busses, and is available with a high - temperature 

crystal for this purpose. Attractively designed, the Hushatone 

comes complete with detachable extension cord. 

*Trade Mark Reg. U. S. Pat. Off. 

For desc+liptive literature on the Hushatone write 

3 5 0 3 P E R K I N S A V E N U E 
CLEVELAND 1 4 , OHIO 
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MIDGET 

TYPE 

600 

STANDARD 

TYPE 

700 

"Midget" model 
is especially de- 
signed for crowd- 
ed apparatus or 
portable equip- 
ment. 

Solid silver contacts and stainless silver 
alloy wiper arms. 

Rotor hub pinned to shaft prevents un- 
authorized tampering and keeps wiper 
arms in perfect adjustment. 

Can be furnished in any practical 
impedance and db. loss per step upon 
request. 

TECH LABS can furnish a unit for every 
purpose. 

Write for bulletin No. 431. 

Manufacturers of Precision Electrical Resistance Instruments 

337 CENTRAL AVE. JERSEY CITY 7, N.J. 

Your profit from the use of any kind of equipment hinges on its 
quality of performance - and on its endurance. Electronic Engi- 
neering Company transformers are built ruggedly to give lasting 
service under all conditions. If you have special and difficult trans- 
former problems, feel free to make use of the finest engineering 
talent and most complete electronic laboratories. 
Write or call today. 

"SPECIALIZED 

ENGINEERS" 

3223 -9 WEST ARMITAGE AVE. CHICAGO 47, ILL. 
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NEWS BRIEFS 
(Continued from page 61) 

amplifiers, and the dissipation of power in 
water - cooled devices. 

CANNON PLUG CATALOG 
A 12 -page catalog, type AP, listing five plugs 
and three receptacle types which, with six in- 
sert arrangements, make possible 48 different 
fittings, has been issued by the Cannon Elec- 
tric Development Company, 3209 Humboldt 
Street, Los Angeles 31, California. 

NEAL TURNER PROMOTED BY 
HALLICRAFTERS 
Neal Turner, former engineering sales manager 
for the RFC project in the Clearing, Ill., plant 
of Hallicrafters, has become quality control 
chief. 

s 

RCA COMMUNICATIONS NAMES 
BRIG. GEN. S. M. THOMAS 
INTERNATIONAL TECHNICAL REP. 
Brig. General Samuel M. Thomas has been ap- 
pointed international technical representative of 
RCA Communications, Inc. General Thomas 
was Director of the Communications Division, 
Office of Military Government, U. S. Army, 
with headquarters in Berlin. 

* 

CHEMICAL PUBLISHING CATALOG 
A catalog of technical books has been issued 
by The Chemical Publishing Co., Inc., 26 Court 
Street, Brooklyn 2, N. Y. Discussed are books 
on chemistry, physics, science, technology, en- 
gineering, metals, technical dictionaries, etc. 

* * 

J. S. KEHRER NOW TURNER 
CHIEF PRODUCTION ENGINEER 
John S. Kehrer has been appointed chief pro- 
duction engineer of the Turner Company, Cedar 
Rapids Iowa. 

Lt. Comdr. Carl W. Kirwin has returned to 
Turner after thirty -four months service with 
the Navy. 

He has resumed his duties as comptroller. 
William A. Baldwin, comptroller during Mr. 
Kirwiri s absence, has been named purchasing 
agent. 

R 

RADIO RECEPTOR BULLETINS 
Three bulletins describing h -f and v -h -f receiv- 
ers and transmitters have been released by the 
Radio Receptor Company, Inc., 251 West 19th 
Street, New York 11, N. Y. 

The h -f receiver bulletin describes a 12 -tube 
receiver, type RH 1A, that can be supplied for 
any single fixed frequency from 1.7 to 11 mc. 
The v -h -f receiver data describes the type 
RV lA unit available for any single frequency 
from 100 to 162 me. A 50 -watt v -h -f transmit- 
ter, type TV 50 A, described in the last bulletin, 
is available for any frequency from 100 to 
162 mc. 

e 

WESTINGHOUSE GRANTED 
MANUFACTURING LICENSE FOR 
CBS COLOR TELEVISION 
First licenses to use CBS u -h -f color inventions 
in television receivers and studio apparatus 
have been granted to Westinghouse. Arrange- 
ments, on a patent royalty basis, are for five 
years and provide for an extension of the agree- 
ment. 

Royalties to CBS range from 25 cents to one 
dollar on receiving sets, depending on the retail 
price. and one per cent of the net selling price 

www.americanradiohistory.com

www.americanradiohistory.com


of complete color television transmitter studio 
apparatus. 

NEMCO AUTO ANTENNA CATALOG 
A 4 -page bulletin describing single stanchion, 
side cowl, fender and cowl mount underhood 
and concealed antennas, and suppressors and 
capacitors has been released by the National 
Electronic Manufacturing Company, 22-78 
Steinway Street, Astoria 5, L. T., N. Y. 

TWT TRANSMITTER DATA 
A 24 -page brochure describing portable trans- 
mitters, remote pickup amplifiers, mixers, con- 
trol consoles and turntable combinations, has 
been released by the Taylor Western Transmit- 
ter Co., Inc., 6127 South Western Avenue, Los 
Angeles 44, California. 

SCHMIT AND WILSON BECOME 
RCA VICE PRESIDENTS 

Schmit has been elected vice president in 
charge of the engineering department of the 
RCA Victor division. Fred D. Wilson was 
named vice president in charge of the personnel 
department of RCA Victor. 

JO TORQUE TOOL DATA 
A 12 -page bulletin covering torque wrenches 
has been published by the Jo Manufacturing 
Company, South Gate, California. 

EIMAC TUBE, SWITCH, CAPACITOR 
BULLETIN 
A bulletin listing and illustrating transmitting 
tubes, rectifiers, vacuum Capacitors, vacuum 
switches and diffusion pumps, has been re- 
leased by Eitel- McCullough, Inc., San Bruno, 
California. 

RADIOTONE FOLDER 
An 8 -page folder describing combination re- 
ceiver, p -a and phono recording units made by 
Radiotone, Inc., Hollywood, California, has been 
published. 

GENERAL RADIO POSTWAR 
CATALOG SUPPLEMENT 
A 68 -page supplement to catalog K, discussing 
resistors, capacitors, inductors, bridges, oscil- 
lators, signal generators, meters, etc., has been 
released by General Radio, Cambridge, Mass. 

G. E. PROMOTIONS 
J. M. Lang has been appointed manager of 

the tube division of G. E. Mr. Lang formerly 
was manager of the Ken -R.-id division. 

Walter C. Kirk has been named designing 
engineer of the Ken -Rad division of G. E., 
Owensboro, Ky. 

J. E. Nelson is now sales manager of indus- 
trial and transmitting tubes for the G. E. tube 
division. 

Above: J. M. Lang 

Above, right: W. C. 
Kirk 

Right: J. E. Nelson 

JEFFERSON- TRAVIS BUYS 
GUILD RECORDS 
Jefferson- Travis Corporation, 245 East 23rd 
Street, N. Y. 10, N. Y., has bought Guild Rec- 
ords Incorporated. 

The Guild purchase provides a phonograph 
(Continued on page 64) 

ti 
INSTRUMENTS 

built for Accuracy and Endurance 

STANDARD SIGNAL GENERATOR Model 8o 
This instrument is well suited for development and production testing 
in the recently allocated FM and Television bands. The absence of 
stray fields or leakage permits accurate measurement of the most 

sensitive receivers. 

SPECIFICATIONS: 

CARRIER FREQUENCY RANGE: 2 to 400 megacycles. 

OUTPUT: 0.1 to 100,000 microvolts. 50 ohms output impedance 

MODULATION: AM 0 to 30% at 400 or 
1000 cycles internal. Jack for external 
audio modulation. 

Video modulation jack for connection 
of external pulse generator. 

POWER SUPPLY: 117 volts, 50 -60 cycles. 

DIMENSIONS: Width 19 ", Height 1084e, 
Depth 91/2" 

WEIGHT: Approximately 35 lbs. 

PRICE: $465.00 f.o.b. Boonton 

Suitable connection cables 
and matching pads can be 
supplied on order. 

MANUFACTURERS 
OF 

Standard Signal Generators 

Pulse Generators 

FM Signal Generators 

Square Wave Generators 

Vacuum Tube Voltmeters 

UHF 
Streng hoMetersield 

Capacity Bridges 

Megohm Meters 

Phase Sequence Indicators 

Televisu 
paEqment 

Model 62 

VACUUM TUBE VOLTMETER 
SPECIFICATIONS: 

RANGE: Push button selection of five ronges -1, 3, 10, 30 
and 100 volts a.c. or d.c. 

ACCURACY: 2 % of full scale. Usable from 50 cycles to 

150 megacycles. 

INDICATION: Linear for d.c. and calibrated to indicate 
r.m.s. values of a sine -wave or 71 % of the peak value 
of a complex wave on a.c. 

POWER SUPPLY: 115 volts, 40 -60 cycles -no batteries. 

DIMENSIONS: 4h" wide, 6" high, and 81i2" deep. 

WEIGHT: Approximately six pounds. 

PRICE: $135.00 f.o.b. Boonton, N. J. Immediate Delivery 

MEASUREMENTS 
BOONTON 

CORPORATION 
NEW JERSEY 
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efg==iiv&fa,t6 

Nyet: 

e 

SPECIALISTS IN 

SPECIAL CRYSTALS 

PRECISE BUTTON MICA CONDENSERS (V3 

5>,i1 CRYSTAL RESEARCH 
LABORATORIES INC. 

29 ALLYN ST., HARTFORD, 3, CONN., PHONE 1 -3215 

NEWS BRIEFS 
(Continued from page 63) 

record pressing plant in South Norwalk, Con- 
necticut. 

G. E. PRAY NOW WITH 
TUCK ELECTRONIC 
G. Emerson Pray has become manager of the 
Tuck Electronic Corporation, 41 Park Row, 
N. Y. 7, N. Y. 

Mr. Pray was formerly chief engineer and 
assistant vice president of Airplane and Marine 
Instruments, Inc., Clearfield, Pennsylvania. 

EMELOID CATALOG 
A 24 -page catalog, "Plastic Advertising. Spe- 
cialities of Distinction" has been issued by the 
Emeloid Co., 286 Laurel Ave., Arlington, N. J. 

HORWICH APPOINTED SHURE AD MAN 
Howard T. Horwich has been appointed adver- 
tising manager of Shure Brothers, Chicago. 

CEDAR RAPIDS SECTION OF IRE 
NAMES NEW OFFICERS 
T. A. Hunter was named chairman of the 
Cedar Rapids section of the IRE. 

Prof. W. R. Abbott is now vice chairman, 
and Roger S. Conrad, secretary- treasurer. 
There are now 157 members and associates in 
the group. 

WESTINGHOUSE ELECTS 
G. A. PRICE PRESIDENT 
Gwilym A. Price has been elected president 

Westinghouse, succeeding George H. Bucher, 
who has resigned. 

Mr. Bucher was elected vice -chairman of the 
board of directors and will continue to serve 
as chairman of the Westinghouse Electric In- ternational Company. 

T. KARLIN GOES TO PHILHARMONIC 
Theodore Karlin has joined the Philharmonic 
Radio Corporation, N. Y. City, as director of purchases. 

FORMICA OPENS PHILADELPHIA 
BRANCH OFFICE 
The Formica Insulation Company, Cincinnati, 
has opened a direct factory branch office in 
Philadelphia, Pa., with Albert Lesberil as 
branch manager. 

Fred C. Walter has been promoted to be as- sistant sales manager of Formica. 

HORNBOSTEL JOINS NATIONAL CO. 
I.t. Col. Charles C. Hornbostel has joined the 
National Radio Company of Malden, Mass., 
as controller. 

F. T. HEGEMAN BECOMES 
ELECTRONIC LAB S -M 
F, Theodore Hegeman has become sales man- 
ager of the distributor division of the Elec- 
tronic Laboratories, Indianapolis, Ind. 

DON WEIR NOW INSL -X S -M 
Don Weir has been named sales manager of Insl-x Co., 857 Meeker Ave., Brooklyn, N. Y. 
B. B. Schneidermann is now technical service 
manager. 

F. M. MURPHY BECOMES CHICAGO 
REP. FOR MEASUREMENTS CORP. 
Frank M. Murphy has been appointed Chi- 
cago representative for Measurements Corpora- 
tion, Boonton, N. J. Offices are at 21 E. Van 
Buren Street. 

* 

G. R. LARSEN JOINS MARION 
of George R. Larsen has joined the Marion Elec- 
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trical Instrument Company, Manchester, N. Ii., 
as development engineer. 

G. E. PORTABLE A -C TEST SET BULLETIN 
A 24 -page bulletin, GEA -4477, containing data 
on portable a -c test sets from 2,000 to 150,000 
volts, has been announced by G. E. 

Portable equipments covered in the bulletin 
include small insulation testers, oil testers, and 
larger general -purpose test sets, with ratings 
up to 25 k -va. 

F. J. FEELY PROMOTED BY W. E. 

Frank J. Feely, manager of Western Electric 
specialty products shops in New Jersey, has 
been appointed manager of electronic com- 
ponents manufacture. These manufacturing op- 
erations will be moved into a new plant. to be 
constructed during the coming year at Allen- 
town, Pa. 

McCOY, HOPPER AND SLOAN 
TO REPRESENT ACME ELECTRIC 
William E. Hopper and H. H. McCoy of Hop- 
per and McCoy Company of Atlanta, Georgia, 
have been named Acme Electric & Mfg Co. 
representatives in Florida, Georgia, Alabama, 
South Carolina, eastern Tennessee, and North 
Carolina. 

Loren W. Sloan of the L. W. Sloan Com- 
pany, has been appointed St. Louis, Mo. repre- 
sentative for Acme. 

G. E. WILLIAMS BECOMES G -M OF 
DuMONT INSTRUMENTS AND TUBE DIV. 
C. Edwin Williams has been appointed gen- 
eral manager of the cathode -ray oscillograph 
and tube division of the Allen B. Dukfont 
Laboratories, Inc. 

Mr. Williams was formerly chief of the 
transformer unit of the WPB radio and radar 
division. 

NEWCOMB AUDIO CATALOG 
A 24 -page catalog with data on fixed and 
portable amplifiers, speakers, horns, micro- 
phones and cases, has been prepared by the 
Newcomb Audio Products Company, Los An- 
geles, Calif. 

FREED TRANSFORMER LIMIT 
BRIDGE BULLETIN 
A 4 -page bulletin describing the Freed com- 
parison and limit bridge has been published 
by the Freed Transformer Company, 72 Spring 
Street, New York 12, N. Y. 

AIREON PROMOTES WELCH 
Arthur E. Welch has been appointed vice presi- 
dent in charge of sales of Aireon Mfg. Corp., 
Kansas City, Kansas. 

Mr. Welch was formerly vice president and 
treasurer. 

RANGER AIRCRAFT BOOKLET 
A 16 -page booklet describing radiotelephone 
procedure on aircraft has been published by the 
Ranger aircraft division of the Electronic Spe- 

JAPANESE ACORN TUBE COPY 

The first captured Japanese "Chinese copy" of 
an acorn tube given to Dean Babbitt (left), presi- 
dent of Sonotone Corporation by Louis G. Pacent, 

Sonotone consultant. 
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ciality Company, 3456 Glendale Boulevard, Los 
Angeles 26, Calif. 

Transmitter and receiving equipment are also 
described. 

* * 

MAHER NOW HALLICRAFTERS 
ASST S -M 
William R. Maher has been appointed assist- 
ant sales manager of the Hallicrafters Com- 
pany. 

AIRADIO NAMES AIR 
4SSOCIATES AS DISTRIBUTORS 
Air Associates, Inc., Teterboro, New Jersey, 
have been named world -wide distributors for 
Airadio, Inc., Stamford. Conn. 

r 
L. G. SNYDER BECOMES 
ASSOCIATED RESEARCH S -M 
L. G. Snyder has been appointed sales manager 
of Associated Research, Inc., 231 South Green 
St., Chicago 7, Illinois. 

ED COHEN JOINS PERLMUTH 
ON WEST COAST 
Edward J. Cohen, formerly vice president and 
general manager of the Insuline Corporation of 
America, has become co- partner of J. J. Perl- 
muth & Associates, Los Angeles. 

* * 

KELLY JOHNSON NOW CONSULTING 
ENGINEER 
J. Kelly Johnson, formerly with Hammarlund 
Manufacturing Co., has opened a radio and 
electronic consultant office at 55 West 42nd 
Street, New York 18, New York. 

* * * 

R. E. SAMUELSON BECOMES RMA 
MARINE SECTION HEAD 
R. E. Samuelson, vice president in charge of 
engineering for the Hallicrafters Company, 
Chicago, has been named chairman of the 
marine section of the RMA transmitter divi- 
sion. 

* 

W. G. H. FINCH GRANTED C -R 

FACSIMILE PATENT 
Captain William G. H. Finch has received a 
patent (2,394,435) covering a cathode -ray fac- 
simile receiver. 

* 

WHITNEY BLAKE WIRE DATA 
A 4 -page bulletin describing Telepene drop 
wire has ben released by the Whitney Blake 
Company, New Haven, Conn. 

Wire has an outer casing of neoprene. 
* * * 

PRECISION SPECIALTIES TO HAVE 
RADIO DIV. 
A radio - electronic section has been formed by 
Precision Specialites, Los Angeles, California. 

William F. Frankart will be in charge. Mr. 
Frankart was formerly assistant chief engineer 
of Aireon. 

* * 

AIREON 50 WATT STATION 
BROCHURE 
A four page brochure describing a 50 -watt 
ground station, type RS -1, for small airports, 
airlines, and communication systems, has been 
published by the Aireon Manufacturing Cor- 
poration, Kansas City, Kansas. 

GENERAL CEMENT CATALOG 
A catalog, No. H6, containing listings of radio 
cements, chemicals, hardware, cabinet . repair 
kits, repair parts, tools and other service acces- 
sories, has been released by General Cement 
Manufacturing Co., 919 Taylor Avenue, Rock- 
ford, Illinois. 

* for Style 

* for Dependability 

* for Performance 

Model 22 Microphone Gives You All Three 

There's more than beauty of styling behind the 
Turner 22 Microphone. This famous member of the 
Turner Line is a precision unit - engineered to faith- 
fully reproduce every desired sound without har- 

monics or distortions - ruggedly built to perform 
with unfailing dependability under difficult operating 
conditions. Good reason why so many leading 
manufacturers of electronic recording and communi- 

cations equipment specify the 
Turner 22 as standard for maxi- 
mum performance ... why you 
want the TURNER 22 for 
your equipment. Available in 

both rugged crystal and dy- 
namic models. Ask your dis- 
tributor or write for complete 
performance characteristics. 

Get These Features 

of Moisture 
Proofed 

* Choice Rugged Dynamii. 
Crystal 
Carta g 

in the Turner 22 

d 
e Semi- or 

* 900 Tilting Head for 

Non -Directional 
Operation. 

* Removable 
Cable Set. 

* Barometric 
Compensator. 

* Mechanical -Shock Proofing. 

*140 blasting from Close 

Speaking. 
* Lov+ Feedback. 

*Certified 
Performance. 

The TURNER Co. 

Turner Microphones Licensed 
Under U. S. Patents of theAmerican 
Telephone and Telegraph Company, 
and Western Electric Company, Inc. 

907 17th Street N.E., Cedar Rapids, Iowa 
Pioneers in the communications field 

Free Turner Catalog 

Write for your copy 

Crystals Licensed Under Patents of the Brush Development Co. 
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Portable 
POWER CLEANER 

For Cleaning 
Electrical Equipment, 

Wiring, etc. 

IDEAL «3 -in-1" 
Electrical BLOWER 

BLOWS VACUUMS SPRAYS 

Super- powered, Heavy Duty, full 
1 H.P. motor. Gently but effec- 
tively blows or vacuums dry air 
at low pressure; won't harm 
electrical insulation or wire 
connections, etc.; completely 
removes dust, dirt, etc. in all 
types of general cleaning, from 
floors and furniture to the most 
delicate mechanism. Easy to 
reach out -of- the -way places be. 
cause of extreme portability. 
Wide selection of attachments 
available. 

PROMPT DELIVERY 
Write for Detailed Literature 

IDEAL COMMUTATOR DRESSER CO. 
4025 Park Ave. Sycamore, Ill. 

Sales offices in all Principal Cities 

1407 

DEAL 

FTR NATIONAL 

THE INDUSTRY 
OFFERS .. 

CLIPPARD DECADE VOLTAGE SUPPLY 
A 60 -cycle decade voltage supply, type D.S. 111, supplying a -c potentials in 1 /10th -volt steps from 0 to 111 has been announced by the Clip - pard Instrument Laboratory, 1440 Chase Ave., Cincinnati, Ohio. 

Instrument incorporates isolating type trans- former with a primary tapped to adjust within 
.1 volt of line voltages from 100 to 132. A Weston meter, model 476, is used in the secondary circuit to indicate proper primary voltage adjustment. When the primary is ad- justed to 100 volts the instrument may also be used as a variable ratio transformer provided input voltages do not exceed calibration set- tings. 

Output is rated at 30 va; 0.1 to 1 volt, 5 am- peres permissible current; .01 to 11 volts, 2 amperes; 0.1 to 31 volts, 1 ampere; 0.1 to Ill volts, 0.3 ampere. 

there is 

NO SUBSTITUTE 
for GOOD communications 
and industrial wire. We are 
shipping you more and 
more of it now .. . 

WIES 

Cornish 
WIRE COMPANY, INC 

15 Park Row, New York 7, N, Y. 

"Made by fnyineeti bot enyineeti 

* * * 

SYLVANIA TUNABLE MAGNETRONS 
Tunable magnetrons (interdigitated magnetrons) 
for pulsed transmission within the 6 cm to 7 cm range and f -m applications where deviations up 
to 500 kc are desired, have been announced by the Research Laboratories of Sylvania Electric 
Products, Inc., Flushing, N. Y. 

Heater voltage (a -c or d -c), 6.3; anode volt- 
age, 1.5 kv; anode current (average), 50 ma; 
field strength of magnet, 1,050 gauss; power 
output (for 10% duty factor), 80 watts peak. 

* * 

COLLINS 5 -KW TRANSMITTER 
A ten -channel, 2 to 18.1 -mc, 5 -kw communica- 
tions -type transmitter, type 231D, has been an- nounced by the Collins Radio Company of Cedar 
Rapids, Iowa. 

It embodies the Collins autotune system, by 
means of which the carrier can be automatically 
shifted to any of ten preselected frequencies. 

Maximum power output is 3 kw on phone or 
m -c -w, or 5 -kw on c -w. Only one set of tuning elements is used for the entire frequency range. Keying speeds of up to 200 wpm can be used. Frequency response is said to be flat within 3 
db from 150 cps to 3,500 cps. A compression 
ircuit is incorporated to raise the average 

"modulation level. Harmonic distortion is said 

SALES GROUP N. Y. MEETING 
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Left to right (sitting) : 

H. Harrison; L. White; 
H. McElroy; Norman 
E. Wunderlich, FTR 
radio sales director; 
F. Wamble; R. Ren- 
naker; and E. Sweeney. Standing: A. W. 
Rhinow, FTR assist- 
ant vice president; R. Guildford; W. Al- 
bright; R. Freeman; 
C. J. Harrison; J. 
Chatfield; J. Callahan; 
G. Scott; W. May- 
nard; R. Boyter; and 

E. Giguere. 

RADIO TRANSMITTER 

BC 653A 
(Core,, Removed/ 

MADE FOR 
SIGNAL CORPS 

Frequency Range: 2 to 4.5 me in five quickly 
selectable frequencies. 

Power Output: 90 watts CW, 221/2 watts voice. 

Power Input: 12 volts DC at 42 amps or TO 

volts DC at 30 amps. 

Tube Line -Up: Master oscillator type 1613; IPA 
type 807; PA PP type 814's; modulator 
type I6í .1; VP-105's as voltage regulators. 

Complete with component antenna relay, dynamotor, less 
antenna and storage batteries. Immediately available of 
a remarkably low price. Write for further details. 

Sales resfricled to communications companies, 
mavvlaclurers, distributors and dealers. 
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to be less than 10% up to 1fí0% modulation at 
1,000 c.p.s. 

Crystal or sealed master oscillator frequency 
control is available. 

A 230 -volt, 50/60 -cycle three -phase, and a 115 - 
volt, 50/60 -cycle single -phase power source are 
required. 

* * * 

CINCINNATI ELECTRIC GLASS -TO- 
METAL HERMETIC CAPACITOR 
TERMINALS 
Glass -to -metal hermetic terminal, No. 110 
RTHL Fusite, has been announced by the Cin- 
cinnati Electric Products Company, Cincinnati, 
Ohio. It is a single terminal equipped with a 
hollow tube and copper connecting lug. 

KURMAN MIDGET SENSITIVE RELAYS 
Midget relays, series 13, featuring .035 -watt 
Sensitivity in a 1 -ounce unit, have been produced 
by the Kurman Electric Company, 35 -18 37th 
Street, Long Island City 1, N. Y. 

The contacts are single -pole, double -throw, 
and are rated to carry 4 ampere, 110 volts a -c 
non -inductive load. The approximate dimen- 
sions of the relay are 134" long, 1Ws" wide and 
I" high overall. 

Coils may be selected for any d -c input volt- 
age between .04 and 40 volts. 

* * * 

FLEXIBLE MICROWAVE WAVEGUIDES 
Flexible microwave waveguides, " Waveflex," 
have been developed by Titeflex, Inc., 500 Fre- 
linghuysen Avenue, Newark 5, New Jersey. 

Constructed of an all -metal flexible tubing. 
Flexibility is said to permit confinement in very 
small spaces without distortion of the critical 
dimensions of size and shape. 

* * * 

CINEMA ENG. SELF -CLEANING 
ROLLER MIXER CONTROL CONTACTS 
Self -cleaning contacts for mixer controls have 
been developed by Cinema Engineering Co., 1510 
W. Verdugo Ave., Burbank, Calif. Uses a 
wedge - shaped roller, riding on a plastic arm 
and shaft. Said to have a brush noise charac- 
teristic below the noise level of amplifiers. 

Design provides for passing of current from 
(Continued on page 68) 

CHANGIN 
TIME .- ÑOULD 
BE SÚCCESSFU 
TIMES FOR 
EXECUTIV 

Today, war worries have been succeeded 
by an atomic turmoil. Far -reaching 
changes have always followed wars - 
and the man who has kept pace always 
comes out on top. 

Come what may, one need is never 
completely filled -the need for compe- 
tent executives to direct business and 
industry. In tumultuous times like those 
of today, this demand multiplies. Right 
now, the outlook for ambitious men is 
brighter than ever before -if they have 
the training to take advantage of op- 
portunities. 

The training needed is not narrowly 
specialized, but goes broad and deep, 
probing the basic principles that underly 
all business. It provides the knowledge 
that enables men to direct the activities 
of others not in one department or one 
kind of business, but in any business. It 
supplies the "know how" that enables 
top executives to manage any business. 

How to get such executive training 

Training of this kind is provided by the 
Modern Business Course and Service of 
the Alexander Hamilton Institute. The 
Course covers the four major functions 
of business - Production, Marketing, Fi- 
nance and Accounting. It turns out not 
accountants, or salesmen or production 
men, but executives! 

Takes months instead of years 

This knowledge takes years to acquire 
by ordinary methods. Through Institute 
training, the process is concentrated and 
thus finished in a matter of months. It 
does not interfere with a man's present 
position, being taken at home, during 
spare hours. More than 430,000 men 
have subscribed; many call it "a turning 
point in their lives." 

Many prominent contributors 

One reason why the Institute Course is 
so basic, thorough and scientific is found 
in its list of prominent contributors. 
Among them are such men as Thomas 
J. Watson, President, International Busi- 
ness Machines Corp.; Frederick W. 
Pickard, Vice President and Director, 
E. I. du Pont de Nemours & Co.; Clifton 
Slusser, Vice President, Goodyear Tire 
& Rubber Co., and Herman Steinkraus, 
President, Bridgeport Brass Company. 

"Forging Ahead in Business" -FREE! 

You can read the Institute's stimulating 
story in the 64 -page booklet "Forging 
Ahead in Business." Convenient, time- 
saving, it is offered without cost or obli- 
gation. Simply fill in and mail the coupon! 

Fill in and mail this 
coupon today, and a 
free copy of "Forging 
Ahead in Business" 
will be mailed to you. 

ALEXANDER HAMILTON INSTITUTE 
Dept. 400, 71 West 23rd St. 
New York 10, N. Y. 
In Canada: 54 Wellington Street, West, 
Toronto 1, Ont. 
Please mail me, without cost, a copy of 
the 64 -page book -"FORGING AHEAD 
IN BUSINESS :' 
Name 
Firm Name 
Business Address 
Position 
Home Address 
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THE INDUSTRY OFFERS ... 
(Continued from page 67) 

the coil to the collector ring directly through 
the roller, eliminating any bearing surface as a 
conductor. 

Contact arrangement is available with models 
3182 and 1047 mixer controls, supplied- with a 
conventional ladder circuit, any conventional 
input and output impedance, ,jnd either of two 
attenuation characteristics. 

DUREZ 

COATED 

CAPACITORS 

0 1MPIr ndN\1\11111 e 

1NW\NW%11\ 1tHMr4 

STAND -OFF CONDENSERS 

CERAMIC 
CAPACITORS 

WIRE WOUND 
RESISTORS 
amro"x"m"`"""`"`em"a""`"m"`"a"`- 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

CHOKE COILS 

ELECTRICAL REACTANCE 
CORPORATION 

FRANKLINVILLE, N.Y. 

LANGEVIN AMPLIFIERS 
A series of amplifiers, type 108, 20 -watt me- 
dium to high -gain master power, on which 
small input panels may be mounted to change 
the overall gain of the amplifier, has been an- 
nounced by the Langevin Company, Inc., 37 
West 65th Street, New York 23, N. Y. 

The 108 series consists of types A, B, C and 
D. Type A is designed to be employed as a 
high -power monitoring amplifier and has a 
bridging and 600 -ohm input; B is a high -gain 
amplifier designed to operate from a source 
impedance of 30 to 250 ohms; C is a combina- 
tion of the A and B and the D supplies with 
two high -gain input stages. 

Frequency characteristics are said to be bet- 
ter than ±1.5 db, 30 /15,000 cps; power output is 
+ 43 vu (20 watts), with less than 3% rss har- 
monic content. 

* ** 
HALLICRAFTERS COMMUNICATIONS 
RECEIVER 
A 4 -band (550 kc to 44 mc) communications re- 
ceiver, S -40, styled by Raymond Loewy, has 
been announced by the Hallicrafters Company, 
2611 Indiana Avenue, Chicago 16, Illinois. 

The receiver has nine tubes with rectifier. 

HEWLETT -PACKARD 
DISTORTION ANALYZER 
A distortion analyzer, model 330B, featuring 
resistance -tuned circuits has been announced 
by Hewlett- Packard, Inc., Palo Alto, Calif. 
Model is said to be capable of measuring dis- 
tortion at any frequency between 20 and 20,000 
cps; noise measurements to 100 microvolts. A 
linear r -f detector makes it possible to measure 
these characteristics directly from a modulated 
r -f carrier. 

The voltmeter section of the instrument con- 

68 COMMUNICATIONS FOR MARCH 1946 

JONES SHIELDED TYPE 

PLUGS and SOCKETS 
Low loss Plugs and 
Sockets suitable for 
high frequency cir- 

474 +30, cuits. Ideal for an- 
t tenna connections, 

Ii photo -cell work, mi- 
crophone connec- 
tions, etc. Supplied 

P- 101 -1/4" in 1 and 2 contact 
types. The single 
contact type can 
be furnished with 
1/4",.290", 3/8J. 

or 1/2" ferrule for 
cable entrance. 
Knurled nut securely 
fastens units together. 
All metal parts are of 

brass suitably plated to meet Navy specifi- 
cations. No. 101 Series Plugs have ceramic 
insulation and Sockets have XXX Bakelite. 
For complete listing and information write 
today for your copy of catalog No. 14. 

S-101 

tiOWflRD B. JOflES COmPflfly 
2460 W. G£ORG£ ST. CHICflGO 18 

Pe1t4«ett 

MAGNETS 
Thomas & Skinner 

ALL SHAPES ... ALL SIZES 
Cobalt Chrome Tungsten 
Stamped, Formed or Cast. 

ALNICO 
(Cast or Sinterell 

Also: LAMINATIONS for output trans- 

formers of highest permeability. Stand- 

ard stocks in a wide range of sizes for 

Audio, Choke, Output and Power 

Transformers. Write for dimension 

sheet. ... TOOLS . . . DIES . .. 

STAMPINGS . . . HEAT TREATING. 

44 YEARS' SPECIALIZED EXPERIENCE 

Thomas & Skinner 
STEEL PRODUCTS C O . 

1113 E. 23rd St , Indianapolis 5, Ind. 
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sists of a two -stage high gain amplifier, a rec- 
tifier, and an indicating meter. 

Frequency coverage is: 20 to 200 cps (band 
xl); 200 to 2,000 cps (band x10); and 2,000 to 
20,000 cps (band x100). 

Circuit is said to eliminate the fundamental 
by more than 60 db and will attenuate the sec- 
ond harmonic and higher harmonics by less than 
10% distortion measurements accurate within 
±3°1 for distortion levels to 0.5 %. 

Nine ranges are provided on voltmeter with 
sensitivities of .03, .1, .3, 1.0, 3.0, 10, 30, 100, 300. 
A calibration from +2 to -12 db is also pro- 
vided, and the ranges are related to each other 
in 10 -db steps. 

When used to measure hum or noise the, 
meter will give a full scale deflection on a sig- 
nal of 300 microvolts. 

Front panel size: 19 "x101 /z ", depth 13 ". 

For FM and TV 

NEW ANDREW COAXIAL CABLE WITH 

DE MORNAY BUDD R -F RADAR UNITS 
A complete r -f radar unit using a packaged 
magnetron capable of delivering 20 kw, peak 
power, at 9,375 mc, has been produced by 
De Mornay Budd, Inc., 475 Grand Concourse, 
New York 51. 

Two 2K25 local oscillator tubes are provided, 
one for receiver and afc and the other for beacon 
operation. A 1B35 A -T -R tube and 1B24 T -R 
tube are also included, as are type 1N21 crys- 
tals. 

A 20 -db narrow band directional doupler is 
also included. 

The unit has been designed with a beacon 
cavity and crystal mount. Can be supplied less 
the beacon cavity and crystal mount and local 
oscillator. 

Meets Rigid FM- TVStandards 

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 following 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 avoid 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 7/8 -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 95% IACS at 

25° centigrade. 
Your order now is the best assurance of early 
delivery on this new coaxial cable for your FM 

or TV installation. 
Write or wire the Andrew Co., 363 East 75th 
Street, Chicago 19, Illinois, for complete infor- 
mation or engineering advice on your particu- 
lar application. 
ATTENUATION CURVE 
Attenuation is calculated 
to provide for conduc- 
tor and insulator loss, 
including a 10% derat- 
ing factor to allow for 
resistance of fittings 
and for deterioration 
with time. 

The new 51.5 ohm 
air insulated coaxial 
cable for FM and TV 

comes in 4 sizes, priced tentatively as follows: /8 ', 
42c per ft.; 1$/8", 90c per ft.; 31/e ", $2.15 per f .; 

61/4", $5.20 per ft. Andrew Co. also manufactures 

a complete line of accessories for coaxial cables. 

3Y /e" 
COAXIAL 

CABLE 

.. * 

MAGUIRE AIRCRAFT RECEIVER 
An aircraft range receiver, model ARR -1, has 
been announced by the electronics division of 
Maguire Industries, Inc., Bridgeport, Conn. 

The set, complete with tubes and batteries, is 
said to weigh 3 pounds 10 ounces. Size: 41iá "x 
4'/"x63". In addition to weather and tower, 
the receiver covers the 190 to 420 kc band. 

::CE:2::iáis:ä 
ii XII"' "II : 

nnluu Íll=U:::.n 11 
@IaPea9 ?S>;311s36 -- -- °:3°-_ 

* * 

GRAYHILL EXPERIMENTAL MOLDINGS 
Facilities to mold small phenolic pieces on a 

basis of two to three thousand of a unit per 
(Continued on page 72) 

6t /e" 
COAXIAL 

CABLE 
ANDREW CO. 
363 EAST 75th STREET 
CHICAGO 19, ILLINOIS 
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Figure 6 

Schematic of the oscillator and r -f section of a 
30 -kv supply. 
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Figure 7 

Plot of regulation versus output characteristics 
of a 10 -kv power supply. 
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Figure 8 

Frequency characteris- 
tic of a 10 -kv supply. 

TELEVISION R -F 

POWER SUPPLIES 

(Continued front page 27) 

Because of this feature, the maximum 
voltage obtainable is somewhat less 
than under critical coupling condi- 
tions, but the improvement in stability 
justifies the loss of voltage. 

Requirements for R -F Transformer 

The coupling factor K » than 
K. (critical coupling), 

1 

v here K = ti Q,Qt, 

M 

and K = A Lt Lz 

L 
Measured values of co - of primary 

R 
and secondary, K for a 10 and 30 -kv 
coil are: 

10 -kv Coil 

Primary (with 2000 mmfd 
tuning capacity) Q = 130 

Secondary (with 30 -mmfd 
tuning capacity) Q = 100 

K =.26 

30 -kv Coil 

Primary (with .01 -mmfd 
tuning capacity) Q = 90 

Secondary (with 30 -mmfd 
tuning capacity) Q = 95 

K=.28 

The values given are the unloaded 
coil values as measured on a Q 
meter. 
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eau a 
APPLICATION 
ENGINEERING 
DEPARTMENT 

No Obligation 

AQ 

VI 

1.4 

x 
(7 

M 

P^0 6 

tto 

GpbO. eo 
n 

to 

` oe 51' y,o0°A 

Iostite9Aodp+ 15 . N 

PRODUCERS of : 

Variable Resistors 
Selector Switches 
Ceramic Capacitors. 

Fixed and Variable 
Steatite Insulators 

;NPár ' Silver Mica Capacitors 
(Button type) 

-n CRS ab 
Division of GLOBE -UNION INC., Milwaukee 

Latest developments .in radio and elec- 
tronic parts and devices, newest "Ham" 
gear, "Gadgets" to delight the experi- 
men+er, bargains in war surplus 
goods, all in new catalog for you. 

MI ME 1M1 SIM ME 11 NINO. NMI 

BURSTEIN- APPLEBEE CO., 
1012 McGee, Kansas City 6, Mo. 

Send me FREE new B -A Catalog. 
I AM 

STATE CONNECTION IN INDUSTRY 

COM 

NAME 

ADDRESS 

TOWN STATE_ 

Battery charger to maintain, fully charged at alt 
times, the 12 volt 6 cell heart' duty battery; to 
rapidly recharge at 12 ampere rate and to auto- 
matically reduce to trickle rate at proper time.... 
Source of power -115 volts AC 60 cycle power line. 

We solved this problem by designing the necessary rectifier 
power pack (to convert the AC to DC) -the heavy duty 
transformer to step this power down to 12 volts -the 
automatic charge rate control -and the heavy duty, weather- 
proof steel housing ... We had designed and built another 
rugged, first quality B -L Rectifier Power Pack unit. 

Why a metallic rectifier? Because the B -L Rectifier is out- 
standing in: 

1. Durability. 
2. Trouble free long life. 
3. The elimination of current reversals during 

primary power supply failures. 
4. Freedom from atmospheric damage. 

What is your problem? 

SELENIUM METALLIC 
RECTIFIERS 

S I N C E 1 4 2 3 

COPPER 
SULPHIDE 

THE BENWOOD -LINZE COMPANY 
1815 LOCUST STREET ST. LOUIS 3, MO. 

Long Distance Telephone CEntral 5830 

Designers and Manufacturers of Selenium and Copper Sulphide 
Rectifiers, Battery Chargers and DC Power Supplies for 

practically every requirement. 
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TELEVISION & 
RADIO CORP. 

1 

In its multiplicity of wiring prob- 
lems the many new and precious 
features of Surco Spiralon Keyed 
Insulation, with the widest range of 
identification in all sizes and lengths, 
is proving invaluable to Farnsworth 
Television & Radio Corp. of Fort 
Wayne, Ind. The ease with which 
this new insulated wire can be used 
in small compact areas or in large 
or intricate installations found in- 
stantaneous favor with this famous 
concern which is taking full advan- 
tage of Spiralon's diverse uses. 

Spiralon is non -inflammable, non - 
fogging, non -corrosive, yet flexible 
and tough; and highly resistant to 
oils, dilute acids and alkalies to 
prove ideal for wiring under any 
and all conditions. Identification 
stripes are easily seen even on 
diameters as small as .025. The 
absence of all pigment fully tare - 

serves every electrical property, 
increases insulating resistance and 
allows for greater voltage. 

With a Nylon jacket added - 
resistant to high heat and low tem- 
peratures- Spiralon further protects 
all electrical properties, reduces 
creepage while soldering terminals, 
offers a higher rupture point than 
braids and lacquers, checks dete- 
rioration, fungi attack, voids and 
pin holes. 

SHIELDED WIRE 

HIGH FREQUENCY WIRE 
and CABLE 

VINYL RESIN SHEETING 

INSULATING TUBING 

INSULATING TAPE 

Address Dept. L 

84 Purchase St., Boston 10, Mass. 

THE INDUSTRY OFFERS... 
(Continua frone page 69) 

year, have been announced by Grayhill, 1 

North Pulaski Road, Chicago 24, Illinois. 

RAYTHEON 250 -WATT 
BROADCAST TRANSMITTER 
A 250 -watt a -m broadcast transmitter with two 
tuned stages, the r -f drive amplifier and power 
amplifier, has been announced by Raytheon 
Manufacturing Company, Waltham, Mass. 
Stages are tuned by a low -speed motor, equipped 
with a clutch. 

Uses a video -type amplifier in the buffer 
stage. Triode -tyPei tubes are in both the mod- 
ulator and amplifier. 

Frequency response is said to be from 30 to 
10,000 cycles ±1 db. 

NIT INDUCTANCE DECADES 
Inductance decades for bridge and low -level fil- 
ter circuits, have been developed by the New 
York Transformer Company, 62 William Street, 
New York 5, N. Y. 

Inductance ranges are from .001 henry steps 
to 100 henries total. 

Decades are said to be adjusted to within 2% 
at 1,000 cycles, except for the 100 -henry decade 
which is adjusted at 200 cycles. Useful fre- 
quency range of these units is from 30 to 20,000 
cycles. 

The .01- and .1 -henry decades are said to have 
a Q of 40 to 45 at 4,000 cycles, dropping down to 
approximately 15 at 400 cycles and 15,000 cycles; 
1- and 10 -henry decades have a Q of 35 to 40 at 
1,000 cycles, dropping down to approximately 15 

at 200 and 10,000 cycles; 100 -henry decade has 
its maximum Q around 200 cycles. 

Four models are available: model 211, 0.11 
henries in steps of .001 henry; 2121 1.1 henries in 
steps of .01 henry; 213, 11.0 henries in steps of 
al henry; 214, 110 henries in steps of 1.0 henry. 

HAMMARLUND SUPER -PRO 
A 5 -band communications receiver, series 400 
Super -Pro, has been announced by the Ham - 
marlund Manufacturing Company, Inc., 460 W. 
34th St., N. Y. City. 

Tuning range of SP- 400 -X:.54 -1.24 mc; 1.24- 
2.86 mc; 2.85 -6.3 mc; 6.3-14 mc; 13.4 -30 mc. 

Tuning range of SP- 400 -SX: 1.25 -2.5 mc; 2.5 
-5 mc; 5-10 mc; 10-20 mc; 20-40 mc. 

Continuous band- spread coverage on all five 
bands on the SP- 400 -SX; on 3 h -f bands of SP- 
400-X. 

Tubes used are: 6K7, first tuned r -f; 6E7, 
second tuned r -f; 6L7, mixer; 637, h -f oscillator; 
6K7, first i -f amplifier; 6SK7 second i -f ampli- 
fier; 6SK7, third i -f amplifier; 6H6, second de- 
tector; 6N7, noise limiter; 6SK7, avc driver; 
6H6, avc diode; 6SJ7, b -f oscillator; 6J5, first 
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"TAB" 
That's A Buy 

Aufosyns Bendix 
Brand new govt sealed and inspected 
packed In overseas cans, synchro-transmit- 
ters AC. I15v. 60 cy. operation. Continu- 
ous heavy duty. Precision accuracy made 
for gun -fire control. Cost gov't $90 each. 
5 lbs. "TAB" special two for $18. 

Cathode Ray Tubo, new gv't insp. 3BPI 
Cathode Ray Tube, new gv't insp. 5API 
Cathode Ray Tube, new gv't insp. 5BPI 
Cathode Ray Tube, new gv't insp. 5BP4 
Rectifier 872 new gv't insp. (L.P. $7.50).... 
Eimao or HK VT I27A with connectors 
Trumble magnetic circuit bkr. DPST 25A.. 
HEINEMAN mag. circuit bkr. SPST 20A 
HEINEMAN mag. circuit bkr. SPST 3A 
RELAY sen. sigma 5AH 200 ohm 3.5 ma SPDT 
Relay Sensitive WE. 3500ohms. SPOT 5A. 
RELAY 105 Ward L. 115V6OCY 20A.Cts.. . 

CHOKE G.E. 4HY.' /2A.30 ohm wt.IOlbs 
TRANSF. 115V60C pri.5V26A See.Hv.ins.. 

$6.95 
9.95 
9.95 
9.95 
4.50 
4.95 

.97 

.97 

.97 
2.25 

.97 
1.90 
2.95 
3.75 

Transformer High Voltage 
Brand new Kenyon I15v. fiery. sec. 3200v. 
/tamp. Bargain "TAB" Price $9.75. 

Ship. wt. 40 lbs. 
Two units 6400 v. 1/4amp. C.T. 

"TAB" priced $18. 

DC.VOLTMTR. DW4IGE 2000V 1000 ohm 2/2" $8.95 
DC.VOLTMTR 301 Weston 4000v. 1000 ohms. 10.95 
DC.VOLTMTR. 301 Weston 10000V 1000 ohm.. 12.95 
AC.VOLTMTR NA33 Wstghse 150V 2'/2 "B'C.. 2.95 
GE DC DNI miniature Ima G'insp. l' /2" B.C. 3.25 
COND. GE pyranol 3MFDI000VDCWKG 2 for 2.50 
CONDSR Aerovox oll IMFDI0000VDC wkg.... 36.00 
CO -Axial 52 &72ohm Rß8 &leu cable 100 ft... 12.00 

"TAB ", Dept. C -4 
Six Church Street, New York 6, N. Y. 

Our Central Location 

a -f amplifier; 6F6, second a -f amplifier; 2 -6F6, 
third a -f amplifier (push -pull); 5U4G, high volt- 
age rectifier; 5Y3GT /G, c -bias rectifier. 

Low impedance antenna input for balanced 
transmission lines, 100 ohms approximately. 

Three -stage i -f amplifier with variable band -. 
width transformers. 

Six -position crystal filter, three for phone re- 
ception and two for cw code reception, plus 
"off" position. 

Automatic volume control operates on two r -f 
stages and two i -f stages. 

DUAL -HEAT SOLDERING IRON 
A two -heat electric soldering iron has been an- 
nounced by Dual -Heat Iron Company, 4370 Sun- 
set Blvd., Los Angeles 27, Calif. Dual -heat 
irons have a regular 150 -watt heat for aluminum 
soldering, and production soldering. High tem- 
perature reserve heat is available by pressing 
a button in the handle. 

Heating element is molded into a thermal 
shock resisting ceramic insulator. Weighs 18 

ounces. 

HICKOK VOLT- OHM -CAPACITANCE- 
MILLIAMMETER 
A test instrument, model 203, for measurement 
of capacity, resistance, a -c and d -c (current and 
voltage) and inductance has been announced by 
the Hickok Electrical Instrument Co., 10529 
Dupont Ave., Cleveland 8, Ohio. 

Ranges: volts (a -c) . . 0 -3, 12, 30, 120, 300, 
1,200; volts (d -c) . 0 -3, 12, 30, 120, 300, 1,200; 
mils (d -c) . 0 -3, 12, 30, 120, 300, 1,200; capac- 
ity and inductance . . . 0- 10.000 mmfd in 2 

1 
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ranges; 0 -1,000 mfd in 5 ranges; 50 mh -100 
henries; ohms ... 1.0 ohm to 10,000 megohms 
in seven ranges. 

Frequency: Up to approximately 5 mc. Meter 
sensitivity, 350 microamperes. Input impedance: 
Volts (d -c) . 15 megohms; volts (a -c) . . . 

12 megohms shunted by 100 mmfd. 
Tubes: 2 6X5GT as a -c rectifiers; 1 6SJ7 as a 

cathode follower; 1 6SN7GT as a vacuum -tube 
voltmeter; 1 OD3 /VR150 as a voltage regulator. 

20,000 megohms. Resistance measurements, 0.1 

to 1,000 megohms. 

* * 

REINER MASTER TESTER 
A master tester, model 456, for both laboratory 
and production testing, has been announced by 
Reiner Electronics Co., 152 West 25th St., New 
York. 

Tester acts as an insulation tester; capacity 
meter; ohmmeter; a -c voltmeter; d -c volt- 
meter; a -c ammeter; d -c ammeter; and im- 
pedance- inductance meter. 

Ranges are: A -c. 6-15-30-60- 150 - 300 - 600 -1,500- 
3,000 -6,000. 15,000- 30,000 ma; d -c. 6-15-30-60-150- 
300- 600 -1,500. 3,000 - 6,000- 15,000 - 30,000 ma; a -c 
volts, 3 -6-15 -30-60-150-300-600 -1,500-3,000-6,000; d -c 
volts, 615-3o-60-150-30O-600-1,500-3,000-6,00; 
ohms, 0- 1,000. 10,000- l00,0)0 -1. meg -10 meg -101) 

meg -1,000 meg; insulation tests 500 volt /0- 10,000 

meg; 1,000 volt /0- 20,000 megohms; capacity high, 
5- 2,000/.5- 200 /.05- 20/.005 -2/.0005- .2/.00005 -.02 mfd; 
capacity low, 1 -100 mmfd. Frequency range 
without probe a -c volts, 10 cps to 100 kc. Input 
capacity, 25 mmfd. With probe (10 kc to 500 

mc), 1 mmfd input capacity. Insulation testing 
at 500 volts to 10,000 megohms; at 1,000 volts to 

FOR 

TEST INSTRUMENTS 

RECOGNIZED BY THEIR 

STRIPES REMEMBERED 

BY THEIR SERVICE 

SYLVANIA THERMOCOUPLE TUBE 
A tube with a hot junction of a thermocouple 
element centered on a filament heater and de- 
signed to measure gas pressure changes through 
variations in thermal conductivity of the gas 
has been announced by Sylvania Electric Prod- 
ucts, Inc., electronics division, Boston 15, Mass. 
Used with a microammeter it is said to be pos- 
sible to record pressures of 10-1 to 10-6 milli- 
meters with plus or minus 5% accuracy. 

Operated in a three -volt battery and resis- 
tance circuit, it may be sealed directly into 
evacuating apparatus by means of tabulation 
provided on top of the bulb. Direct measure- 
ment may be made with a 0 -250 microammeter 
which may be calibrated for each gas measured. 

The tube, 4 7/16" long over pins and 1 9/16" 
maximum bulb diameter, is supplied with small 
4 -pin base and may be operated in any position. 
Maximum value electrical ratings are: filament 
resistance, 3.0 ohms; thermocouple resistance, 
5.0 ohms; filament current, 125 milliamperes; 
and thermocouple current, 250 microamperes. 

INSTRUMENT RESISTOR RESISTORS 
Four resistors, ALA, ACA, BLA, BCA, have 
been announced by Instrument Resistors Corn- 
pany, 25 Amity Street, Little Falls, New Jersey. 

Type ALA, 3 watts; maximum resistance, 
25,000 ohms (nichrome) ; maximum resistance, 
5,000 ohms (manganin); body size, 11/s "x% "; 
mounting, axial leads. Type ACA, 6 watts 
(same as ALA except coated with high temper- 
ature cement). 

Type BLA, 5 watts, maximum resistance, 
50,000 ohms (nichrome); maximum resistance, 
10,000 ohms (manganin); body size, 1% "x% "; 
mounting, axial leads. Type BCA, 10 watts 
(same as BLA except coated with high tempera- 
ture cement). 

PRICE ELECTRIC TIME DELAY RELAY 
A relay of synchronous motor- operated type to 
provide for a predetermined time delay of from 
one to ten minutes between actuation of relay 
coil and operation of relay contacts, has been 
developed by Price Electric Corporation, Fred- 
erick, Md. 

When relay coil is energized, synchronous 
motor that drives the mechanism functions and 

(Continued on page 74) 

* Troubled by fluctuating line 
voltage? Just include a Claro- 

stat Automatic Line Voltage Reg- 
ulator in your assembly -or as an 
accessory plugged in between con- 
necting cord and outlet. At 110 

volts the resistance is low. Voltage 
drop is negligible. But as line volt- 
age increases, the resistance builds 
up so as to maintain uniform and 
safe voltage to your assembly. 

Clarostat also makes voltage -drop- 
ping resistors, such as for adapting 
110 -volt equipment to 220 -volt 
power lines (particularly for export 
trade). Made either for built -in ap- 
plications, or as convenient plug -in 

accessories. 

* Submit that problem . . . 

If it has to do with resistors, controls or 

resistance devices, send it to us for engineer- 
ing collaboration. Engineering catalog on 

request. 

CLAROSTAT MFG. CO., Inc. 285-1 N. 6th St., Brooklyn, N.Y 
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continues to run until delay period elapses, 
whereupon the motor is disconnected. 

Standard relay is equipped with two snap- 
action switch units, one being used to control the 
motor, and the other providing up to a single 
pole double throw contact combination. Avail- 
able in front connected type, or with 6 -32 
threaded studs on underside for back connec- 
tion use. 

Standard relay operates on 115 volts, 60 cycles, 
a -c. Requirement of 7 volt- amperes during de- 
layed action period. Contacts rated up to 10 

amperes at 115 volts, a -c, non -inductive load. 

FTR AVIATION GROUND STATION 
TRANSMITTER 
A general- purpose ground station transmitter, 
type 184, designed for low, high and very high 
frequency voice and c -w transmission, has been 
announced by Federal Telephone and Radio 
Corporation, Newark, New Jersey. 

Operates in the bands 200 -540 kc, 2 -20 mc, and 
108 -140 mc. 

R -f units in the 2 to 20 -mc band are rated at 
500 watts output; 108 to 140 -mc band, output is 
200 watts. Operates from a 220 -volt, 50-60-cycle 
single -phase line and is capable of being keyed 
up to 500 words a minute. 

A typical installation permitting simultane- 
ous operation of two r -f units on c -w or one 

THE INDUSTRY OFFERS ... 
(Continued from page 73) 

unit on voice consists of cabinet with keyer 
and interunit wiring, power supply, a modu- 
lator, a local and remote control, and from two 
to four r -f units according to local operational 
requirements. 

The remote control unit permits channel selec- 
tion by dialed impulses over a telephone line at 
a point up to 15 miles away. 

DIAL LIGHT PILOT LIGHT ASSEMBLIES 
Pilot light assemblies, series PL -849, featuring 
built -in resistors, have been announced by Dial 
Light Co. of America, Inc., 900 Broadway, New 
York 3, N. Y. 

The resistor enables direct connection to 115 - 
volt circuits. Ratings for the resistor are: 
100,000 ohms for bright glow; 200,0W for dimmer 
glow; 270,000 ohms for 220 -volt circuits. 

Units are approximately 2 "x }r overall. 
Housing is of molded bakelite. Full -view plastic 
jewel cap permits visibility of glow from all 
angles. Jewel caps available in 7 colors. 

Units are made to house neon NE -51 bulbs. 
Radio panel bulbs, 47, 44, etc., may also be used. 

* 

KATO BATTERY CHARGING SET 
A battery- charging engine generator set using 
a Briggs and Stratton model VP engine having 
2" bore, 2" stroke, one- gallon fuel tank, float 
feed carburetor, and a gravity feed sensitive fly - 
ball governor, has been announced by the Kato 
Engineering Company, Mankato, Minnesota. 

On 6 volts, charger charges a maximum of 
about 80 amperes. Four sets of brushes with 
two all -brass brush holders on each stud. 
Charger also available for 12 and 32 volts. 

Plant is self- cranking. Engine can be cranked 
by hand in case batteries are too low. Engine 
has magneto ignition. 

G.E. V -H -F TRANSMITTING TUBE 
A v -h -f transmitting tube, GL -592, has been 
announced by the tube division of G. E. 

Maximum ratings apply up to 110 mc. Maxi- 
mum d -c plate voltage rating of 3,500. Maxi- 
mum plate dissipation rating of 200 watts under 
class C r -f amplifier and oscillator conditions. 
Under these conditions the maximum plate in- 
put rating is 600 watts. 

e : 

STACKPOLE SINTERED ALNICO II 
COMPONENTS 
Sintered Alnico II (licensed under G. E. pat- 
ents) in a variety of small magnet sizes and 
odd shapes have been announced by the Stack - 

pole Carbon Company, St. Marys, Pa. 

* * x 

AIRESEARCH ELECTRICAL CONNECTOR 
An electrical connector providing a pressure 
contact has been announced by the AiResearch 
division of The Garrett Corp., 9851 Sepulveda 
Boulevard, Los Angeles 43, Calif. 

Employing the WilliamsGrip principle, the 
connector is said to develop a pressure contact 
by means of expansion or contraction actuated 
by a special thread. Expansion or contraction 
is obtained through the medium of a metal 
body having the same special thread. When 
tightened a quarter turn it climbs the connector 
thread pitch, thereby actuating the male or 
female shield. This causes a gripping action 
along the entire contact area. 

At 100 amperes contact is said to have a 
maximum millivolt drop of 1.9. 

M K i 

STODDARD NOISE 
FIELD INTENSITY METER 
A noise and field intensity meter, model 
NMA -4, with a 100 to 400 mc range, is now 
being made by Stoddart Aircraft Radio Co., 

REMLER APPOINTED 
Agent for 

WAR ASSETS 
CORPORATION 

(Under Contract No. 59A -3 -48) 

. . . to handle and sell a wide variety of 

ELECTRONIC EQUIPMENT 
released for civilian use 

If'rite for Bulletin Z -71) 

Remler Company, Ltd., 2101 Bryant St., San Francisco 10, Cal, 

REMLER SINCE 1918 
Radio Communications Electronics 

elecbtonic Resea4c,LA ¿ May. Gov. 
A Service to INDUSTRY 

DEVELOPMENT AND CONSTRUCTION 
OF ELECTRONIC EQUIPMENT FOR ANY 

APPLICATION 

Write or telephone for a discussion of your problem - 
without obligation. 

1420 East 25th Street, Cleveland 14, Ohio 

SU. 1958 
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ANOTHER NEWARK STORE! 
Located at 212 Fulton St., New York 7, N. Y., another big 

Newark Electric 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 Kahn, and you will find 
the same competent personnel that has made buying at other 
Newark stores a pleasure. 

NEWARK BARGAIN SHEET AVAILABLE 
Mail us your name and address and we will send you Newark 

Electric's famous bargain sheet each month. Write today. Ad- 
dress Dept. C of nearest Newark branch. 

H I[ A C O 

Newark 
¡ ¡ffriftCompany 

115 -111 W. 45th St. " w , o a" 323 W. Madison St 

CHICAGO 6 

HEW YORK 19 
SAM pOMCHEe 

ADOLPH GROSS 

%d 7145641 
World's Largest Manufacturer of 
Wireless Telegraphic Apparatus 
COMPLETE CENTRAL OFFICE EgUIPMEMT 

McElroy Manufacturing Corp. 
82 Brookline Aveore Boston, Massachusetts 

CRYSTALS 
EXCLUSIVELY 

PETERSEN RADIO CO., Council Blurs, low. 
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Interested in on open wire line? 
The support illustrated above is one 

of several types Johnson con furnish. It 
mounts on a 3 inch iron pipe or a 4x4 inch 
wood pole and comes complete with cen- 
ter insulator and hardware. 

Suitable for 5, 6 or 7 wire, balanced 
lines, for antenna power up to 50 KW, 
the support is approximately 17x311/2 

inches overall and the outside conductors 
form o 15 inch square. 

Write for information and 
catalog 968 E. 

E. F. Johnson Co. Waseca, Minn. 

6644 Santa Monica Boulevard, Hollywood 38, 
California. 

The r -f amplifier, mixer and oscillator cir- 
cuits use butterfly circuits. 

Stability of calibration is determined by shot 
noise developed in the plate circuit of the r -f 
amplifier. Voltage range, 1 to 100,000 micro- 
volts. Field intensity range, 5 to 100,000 micro- 
volts per meter. Size, 15 3/16" high x 215" 
wide x 14 9/16" deep; weight, 56 pounds. 

** 
REGAN CENTER -TAP RESISTOR 
A center -tap resistor, type CAM, developed by 
the Regan Engineering Corporation, with a 
core, machined from . a solid piece of steatite, 
upon which is wound a helical resistance wire 
element has been announced by the Techtmann 
Industries, Inc., 828 North Broadway, Milwaukee 
2, Wisconsin. * * * 

UNITED CINEPHONE 
SWEEP CALIBRATOR 
A sweep calibrator, model 8127 has been an- 
nounced by United Cinephone Corporation, Tor- 
rington, Connecticut. 

Switch permits choice of four different time 
intervals between calibration markers: 2.5, 10, 
50, and 100 microseconds. 

Markers have an amplitude of 40 volts, with 
choice of polarity. 

Positive trigger has an amplitude of 120 volts; 
negative 65 volts. The repetition rate is con- 
tinuously variable by means of a calibrated 
control from 2000 to 3000 cps. 

Gate is continuously variable duration of 20 

to 3000 microseconds. Height, 8" x 16" length. 
x 7741" depth; weight, 23 pounds. 

* 

LEWIS POWER TRIODES 

AND TETRODES 
An air -cooled, power triode, 4C32, and v -h -f 
tetrode, 3023, have been announced by Lewis 
Electronics of Los Gatos, California, a subsidi- 
ary of the Aireon Manufacturing Corporation. 

The 4C32, in use as an unmodulated class 
C r -f amplifier, typical operating Conditions are 

d -c plate voltage, 2000; power output 400 
watts. Upper frequency limit of the tube with 
maximum power input is 60 mc. 

Plate and grid connections are made at the 
top and side of the bulb respectively through 
heavy copper terminals. Has a 4 pin jumbo 
bayonet base (metal) with pins extending 
through a ceramic disc. Overall length is ap- 
proximately 10í4 "; maximum dimension along 
the grid lead axis is approximately 434" 

The 3D23 permits operation up to 2.0 mc 
with full power input and up to 400 with half 
power input. Maximum power output is 130 
watts (35 watts plate dissipation). May be 
used as an oscillator or amplifier doubler. 

* * * 

TELEX MONOSETS AND 
PILLOW SPEAKERS 
Earphones designed to be worn under the chin 
instead of over the head, have been announced 
by Telex, Inc., Minneapolis, Minn. 

Constructed of tenite, weight, 1.2 ounces. 
Has removable clear plastic eartips. 

The standard unit has an impedance of 128 

ohms per receiver and a sensitivity of 18 dyns 
per square centimeter for 10 microwatt input 
per receiver. 

A pillow speaker using electromagnetic 
driving has also been announced by Telex. 

Magnetic unit said to be capable of handling 
power inputs in excess of one watt without 
distortion. 

Standard impedances for the speakers are 
about 100 ohms or 1500 ohms at 1000 cycles. 

Speaker diameter, 3 % "; maximum thickness, 
1 3/32". Weight, 5 ounces. 

Impedance, model B 2236, 2,000 ohms; model 
B 2243, 100 ohms. 

Sensitivity said to be 5 milliwatts, electrical 
input. 

* * it 

CURTIS DEVELOPMENT TERMINAL 

BLOCKS 
Terminal blocks using a metal channel have 
been announced by the Curtis Development and 
Mfg. Company, 1 North Pulaski Road, Chicago 
24, Illinois. 

To insure against terminal screw grounding, 
the screw holes are not completely through 
the block. 

its are being made up of individual ter- 
minals together with various length mounting 
channels. 

Radio 

Headquarters 

We ship at once - parts, 

equipment, whatever you need! 

This house began its career almost as 
early as Broadcasting itself ! Today, 25 

years later, we're the world's largest radio 
supply house! Standard Lines: National, 
Hammarlund, R. C. A., Hallicrafters, Bud, 
Cardwell, Bliley, and all the others! 

SUPERSPEED SERVICE Orders 
shipped out same day received, 
on most goods. 

ENGINEERING SERVICE If your 
engineering problem requires 
special equipment, we'll make it 

Latest bargain flyer 
includes test instru 
ments, record chang- 
ers, communication 
receivers, ham trans- 
mitting tubes and a 
host of electronic 
items you need today. 

Ìrm. '":I 
AftYaktre 

.__ 
m:_ ,ro...- 

`_Ë R; 

the Famous Qf yelleRadio 

IZa.òso Wire 
Television lac. 

NEW YORK 13 BOSTON 10 NEWARK 2 

Cut out coupon, paste on penny post card, mail today 

ít. W. T. Dept. TC -6 
loo AVENUE OF THE AMERICAS, NEW YORK 13 

Gentlemen: Send me FREE copy of your Latest Bargain Fly_: 
C-36, packed with recent electronic equipment and components. 

NAME 

ADDRE» 

CITY ZONE STATE 

COMMUNICATIONS FOR MARCH 1946 75 

www.americanradiohistory.com

www.americanradiohistory.com


TYPE 1200 

ADVANCE ULTRA SENSITIVE D.C. RELAYS 

y 21/2 TO 5 MILLIWATT OPERATION T 25% TO 15% DIFFERENTIAL 

COVER: Moulded Plastic, Cellulose 
Acetate,Clear,Tough Single Screw 
Attachment No dust or dirt on 
contacts No accidental opera- 
tion No short circuits Instant 
visual inspection Low mainte- 
nance of contact adjustment 

BASE: Moulded black BAKELITE 
Good mechanical strength High 
dielectric strength and insulation 

Negligible water absorption 
Compactness and fine appearance 

OPERATING POWER: 5 Milliwatts for 
positive operation 21/2 Milli - 
watts with careful adjustment and 
light contact loads 

MAGNETIC CIRCUIT: Armature and 
pole of Nickel -Iron alloy, Hydro- 
gen annealed for high permeabil- 
ity and low retentivity High 
overall sensitivity Small make - 
break coil current differential- 
( 25% to 15% less current to break 
than to make) 

ARMATURE: Counterbalanced Pre- 
vents action of relay due to mod- 
erate vibration Allows opera- 
tion in any position 

SENSITIVITY ADJUSTMENT: Vernier 
screw for coil spring tension on 
armature Accuracy Permanent 
setting, easily changed 

CONTACTS: Pure Silver (palladium, 
platinum or other specified ma- 
terials at extra cost) Single pole, 
double throw 1 ampere on 110 
volt A.C., non -inductive load 
Screwdriver adjustment 

COIL: standard resistance from 1 

ohm to 10,000 ohms, up to 30,000 
ohms at small extra cost Cellu- 
lose acetate insulation Varnish 
vacuum impregnation 

TERMINALS: Solder lugs and screws, 
recessed on bottom of base, ac- 
cessible through panel or through 
knockouts on side of base 

MOUNTING: Surface mounting, any 
position, fastens with two No. 6 
screws 

SIZE: 2" x 2-9/16" x 11/2" high 
WEIGHT: 6'/4 ounces 
PRICE: Moderate 

Write for quotations and catalogs 
on the Advance Type 1200 Ultra 
Sensitive D. C. Relay and other 
Advance Relays 

ifdvaoceRdays. 
ADVANCE i4ii .11 \Q 

ELECTRIC & RELAY CO. 
1260 West 2nd Street 
Los Angeles 26, Calif., U. S. A. 

Phone Michigan 9331 
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HETERODYNE FREQUENCY METER 
ANO 

CALIBRATOR 
TYPE I20-A IERW. NlO 
GENERAL RADIO CO. 

cAMONI00E NAM USA 

POWER 
Off 

A0 

V 
TEL. 

CAL. 
ON 

Q 
Off 

from 300 mc to 300 kc 
ANOTHER G -R instrument again available for civilian use! At the moment, the popular 

Type 620 -AR Heterodyne Frequency Meter and Monitor is available from stock. As 

a general- purpose frequency measuring instrument. this meter is very valuable for measuring 

the frequencies of a number of transmitters, for calibrating and servicing receivers and for 

checking the ranges of receivers and oscillators. Where the allowable frequency tolerance is 

0.02!, or greater, this meter can be used for monitoring radio transmitters. 

FEATURES 

VERY WIDE RANGE -300 kilocycles to 300 megacycles 

DIRECT READING -no charts or curves to bother with 

SELF -CALIBRATING -calibration can be checked immediately from 
built -in piezo -electric oscillator 

NO COILS TO CHANGE -built -in coil system with 10 -point panel 

selector switch, 

GOOD ACCURACY -over -all accuracy is 0.1% or better 

FLEXIBLE POWER SUPPLY- built -in a -c supply or external d -c source, 

either selected by panel switch 

TYPE 620 -AR (Relay Rack Model) HETERODYNE FREQUENCY METER & 

CALIBRATOR $490 

Order now; delivery probably can be made from stock 

GENERAL RADIO COMPANY Cambridge 39, 
Massachusetts 

90 West St., New York 6 920 S. Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38 
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Short Waves Demand Small Dimensions 

ACTUAL SIZE. RCA Leads the Way In 
Metal, Glass and Miniature Electron Tubes 

IN TUBES, RCA MINIATURES ARE THE ANSWER 

for FM -for Television -for HF Communications 

Consider these advantages of RCA Miniature 
Tubes for high- frequency applications: 
HIGH GAIN -Lower inter -electrode capacitances 
and reduced lead inductance values improve 
circuit performance. 
LOW LOSS - The short, low- resistance element 
leads serve as the contact pins; these, with the 
glass button seal provide a low -loss base. 
LESS SPACE -Small dimensions of tubes permit 
closer spacing of components on a smaller 
chassis. 
PREFERRED TYPES -Mass production is concen- 

TUBE DIVISION 

trated on a few types that meet all normal de- 
sign requirements, resulting in higher tube qual- 
ity at lower prices. 
RCA tube application engineers are ready to 
consult with manufacturers on any problems, 
concerning the use of electron tubes -metal, 
miniature, or glass. For technical information 
on RCA tubes, write RCA Commercial Engineer- 
ing Department, Section D -4C, Radio Cor- 
poration of America, Harrison, N. J. 

THE FOUNTAINHEAD OF MODERN TUBE 
DEVELOPMENT IS RCA 

RADIO CORPORATION of AMERICA 
HARRISON, N. J. 
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