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loops are bottlenecking your assembly lines ?
you want the best loop for your set?

you are cost conscious ?

Fraunklin

for large scale delivery of

A radio engineer’s dream come true! The
greatest development in loop antenna design
and manufacture since 1920! Flat sheeis,; of
copper die-stamped into perfect supersensitive

loops . . . air dielectric throughout their entire *

length . . . being rectangular they have 27%
more effective area . . . better performance at
lower cost . . . no set builder can afford to over-
look the significance of the AIRLOOP.

nd investigaion!

175 VARICK ST., NEW YORK 14,

DS OF THOUSANDS

BEING PRODUC

RADIO RECEIVERS.

Compare these AIRLOOP values
with conventional loop values and
you too will SPECIFY AIRLOOPS.

® Optimum sensitivity

® High uniform “Q” over entire
band

® Inductance to close tolerance
without adjustable turn

Low distributed capacity

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

Elimination of individual loop
adjustment on assembly line

Maximum space utilization

® No haywire
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BASIC EQUIPMENT
FOR AUDIO
MEASUREMENTS

e — e

e
o Ot

RESISTANCE TUNED OSCILLATORS
Available in 7 models; frequency ranges
between 2 cps and 200 kc. No zero setting.
Constant output. Low distortion.

Wherever audio-frequency and supersonic measurements
are made, whether in an electronics laboratory, a broad-
cast station, or on a production line, -/sp- equipment will
speed the job and guarantee the accuracy of the results.
Measurements of frequency response, gain, power, and voltage
level throughout the audio-freqﬁency and supersonic range can
be made with -hp- Resistance Tuned Oscillators, Audio Signal
Generators, and Vacuum Tube Voltmeters. Total distortion, hum,
and noise are conveniently measured with -hp- Distortion
Analyzers, and individual components of complex waves may
be studied with the -4p- Model 300A Wave Analyzer. Frequency
measurements are readily made with the Model 100B Secondary
Frequency Standard or the Model 500A Electronic Frequency
Meter. For more data on -bp- measurement equipment, write

direct to factory.

HEWLETT-PACKARD COMPANY

BOX 1222E . STATION A . PALO ALTO, CALIFORNIA

Audio Frequency Oscillators Signal Generators Vacuum Tube Voltmeters
Noise and Distortion Analyzers Wave Analyzers Frequency Meters

Square Wave Generators Frequency Standards Attenuators Electronic Tachometers

,
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VACUUM TUBE VOLTMETER
(MODEL 400A)
Full-scale sensitivity from .03 volts to 300
volts in 9 ranges. Input impedance 1
megohm in parallel with 16 mmf, Fre-
quency response — 10 ¢ps to 1 mc.

AUDIO SIGNAL GENERATOR
(MODEL 205A0)

Frequency range 20 cps to 20 kc. 5 watts
output with less than 1% disfortion. Output
impedances of 50, 200, 500, and 5000 ohms,
center-tapped. Output attenuator provides
110 db attenuation in 1 db steps.

HARMONIC ANALYZER
(MODEL 300A)

Measures individual components of o
complex wave, Frequency range 30 cps
to 16 kc. Variable selectivity. Full-scale
sensitivity from 1 millivolt to 500 volts.
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e See...

THE NEXT FEW YEARS will see an unpar-
alleled demand for all types of radio com-
munications services, according to a re-
cent FCC report. Stating that the wartime
growth of communications has pushed
the art ahead an entire generation, the
government specialists predict that we’ll
have close to 5,000 broadcasting stations
on the air within a few years, of which
1,400 will be a-m, 3,000 will be f-m and
300 television.

The demand for special facilities will
be enormous, the report says, with over
200 cities requiring two-way service for
autos, trucks, buses, emergency vehicles
and taxicabs, and some 5,000 cities asking
for radio systems for their utility and
protection services. The aircraft require-
ments will be staggering, too, with 2,500
ground stations being required for some
50,000 radio-equipped planes soon to be
flving about.

About 150 railroads are expected to use
radio communications in one way or
another, requiring thousands of various
types of equipments.

The FCC also expects to license 200,000
for citizens walkie-talkie units and many
other thousands for ship-to-shore, micro-
wave relay links, point-to-point, radar and
other special services.

So. certain is the FCC that this expan-
sion is really on its way that they have
organized a new field engineering and
monitoring division for traffic control,
with ten primary and thirteen secondary
momtoring stations in strategic cities
throughout this country, Hawaii and
Alaska, to operate continuously.

This expanded communications program
will pose many engineering problems, for
with the increased trafic, equipment will
have to have unusually high sensitivity,
selectivity and power efficiency factors.
The projects are tough, but there’ll be
solutions . . . solutions that will further
increase the services of radio communica-
tions.

IT WAS GOOD TO HEAR that the RTPB will
continue its important coordinating activ-
ity for another yvear, with Haraden Pratt
as chairman. Everyone will benefit by the
continuance of this outstanding planning
board, which served the war effort so
effectively, and which now is mapping
vital peacetime communications plans.

Congratulations to James L. Middle-
brooks, recently appointed NAB engineer-
ing director, on being named RTPB vice
chairman.

THERE'LL BE QUITE AN IMPORTANT engi-
neering meeting in September. It will be
the meeting of the Communications Sec-
tion of the Association of American Rail-
roads. The place . . . Detroit . . . and the
date . . . September 10th to 13th.

As we pointed out last month, there'll
also be five engineering conferences in
October, and the all-important Winter
Meeting in Rochester in November. Bet-
ter make your conference plans now.
CoMMUNICATIONS will of course carry
full reports on all of these meetings.
Watch for them!—L. W.

Including Television Engi i i i
v on Kngineering, Radio Engi-
neering, Communication & Broa’dcast Engi-

neering, The Broadcast Engineer., Registered e St
Patent Office.

Member of Aud}t Bureau of Circulations.
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Allan A. Kees, chief of audio facilities for Universal Broadcasting

Compax'xy, in Navy plane, recording news reporter Austin

Fenger’s description of the preparations for the Bikini atom-bomb

test. [See Pages 11, 12 and 13 of this issue for a complete

description of the recording and broadcasting of these preparations. ]
(Official Navy photo)
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PACKAGED R.F. RADAR ASSEMBLY

ELIMINATES DESIGN HEADACHES

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
fo 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 1824 T-R tube and
the necessary type 1N21 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.

3¢ R. F. RADAR UNIT #4812

iy

——-(—-—REFLECTOR

FEED HORN
ROTATING JOINT

FLAT 90" ELBOW
90° TWIST

MITERED. ELBOW

STRAIGHT
SECTION

EDGE 90" ELBOW' 90° TWIST D

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

EQUIPMENT
FOR
97% OF ALL
RADAR SETS

DE MORNAY-BUDD, INC.
. 475 GRAND CONCOURSE, NEW" YORK¥N. Y.
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Repeated tests of the new Eimac 3-750A2 in the Eimac PR P
testing laboratory show 100% longer life than previous D o0 gl T ;g
models operated under the same conditions. : s r
This increase in life expectancy is a result of continuing re- Trpioalolsbs oumandinsperﬁ;rmnr;o/;bimebwIrioag is its |
. . 3 5 . . igh power gain. With 5000 vollson the plate, the new imac
search, culminating in this new versjon of the 750TL triode. 355042 will deliver 2000 watts ousput with only 50 watts
Among its many new features are a new cooler operating driving power, at a plate efficiency of 73%. (See above chart.)
plate, new non-emitting grid and a new filament structure.
The new 3-750A2 is a power triode, interchangeable with the ELECTRICAL CHARACTERISTICS
previous model 750TL, and is but one example of the constant Filament: Thoriated tungsten
effort made at Eimac to furnish better tubes at lower cost. For ‘é°"°9'° = Inkle w.t TR widie o haely 2:-: "::"
. . 3 . . VETenthiisy ek ShB. @hesrd, FLth .0 amperes
further n.zformatwn and complete engineering data on Em.tac Amp,i,i“,i:,, e T g vy 15
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Grid-Plate ym ~. e ac s'c8 1o brrs A Bty 5.8 vuf
Grid-Filament 5 e B p s T 8.5 uuf
Plate-Filament . . . . . . « +« « « o o . 1.2 wuf
Follow the leaders to Transconductance (1p=1.0 amp., Eb=5000, ec=—100) 3500 umhos
Frequency for Maximum Ratings . . . . . « « « 40 me
CALL IN AN EIMAC REPRESENTATIVE FOR INFORMATION
ROYAL J. HIGGINS (W9AIO),600 S. ADOLPH SCHWARTZ (W2CN), 220
Michigon Ave., Room 818, Chicago 5, 8roadway, Room 2210, New York 7.
lilinois. Phon®: Harrison 5948. New York. Phone: Courtland 7-0011.
Xsmssn o.'Jsv‘usw co., 2612 s;cond 25:5 BECKER (w'coo‘),s l&'?i 3’::":
. . 1) ’ 1] B H 0o 9
EITEL-McCULLOUGH, INC., 1102 F San Mateo Ave., San Bruno, California Elliot 6871, et ety Pl::nol:o;ichnn?:n.;616)‘-" y
A M. B. PATTERSON (W5C1), 1124 lrwin-  TIM COAKLEY (WIKKP eacon
Plant located at: San Brunoe, California g Keasler Building, Dallas "7.‘;:. Street, Boston 8, Moassachusetts.
Export Agents: Frazar and Hansen, 301 Clay $t., San Francisco 11, California, U.S. A. Phone: Central 57684. Phone: Capitol 0030. l
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DEESTO

ACME PHOTO

made the on-the-spot
recordings at Bikini!

HEN the special events men of

KSFO and the Universal Broad-
casting Co. of San Francisco went to Bikini
to record an on-the-spot word picture of
the preparation for the atom bomb test,
they selected PRESTO recording equip-
ment to do the job.

This PRESTO equipment recorded the
interviews with the natives of Bikini in
their new home on the island of Rongerik.
It recorded the on-the-spot report of an air
trip over Bikini in an Army plane open to
the winds and weather at 10,000 feet alti-
tude.

This PRESTO equipment traveled to
Kwajalein where the B-29 that dropped the
bomb was being readied for the flight .
it went from target ship to target ship in
Bikini Lagoon . . . and it made a practice
run in a pilotless plane at Eniwetok.

In hot, damp, salt air that rusted metal
parts overnight if they were not protected,
through surf so rough only rubber lifeboats
could live in it, and in the scorching heat
of these South Seas atolls, PRESTO equip-
ment of standard design recorded this once-
in-a-lifetime story for listeners of a hun-
dred American radio stations to hear.

Thus, the atom bomb test was also a
rigorous test of PRESTO equipment. And

PRESTO passed that test with flying
colors!

RECORDING CORPORATION
242 West 55th St.,, New York 19, N. Y.
WALTER P. DOWNS, LTD., in Canada

WORLD'S LARGEST MANUFACTURER OF
INSTANTANEOUS SOUND RECORDING EQUIPMENT
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NO MOUNTING

IN YOUR EQUIPMENT. ..
LOWER PRODUCTION COSTS |

10,000 VOLTS BREAKDOWN THROUGH
RESISTOR JACKET TO GROUND

The unique construction of Sprague KOOLOHM Wire-
Wound Resistors allows them to be mounted directly
to (and flat against) metal or grounded parts with com-
plete resistor circuit insulation — even in high-voltage
circuits. KOOLOHMS are doubly protected. The wire
itself is insulated before being wound with 1000° C.
heat-proof ceramic insulation. Tropicalized ceramic
shells and end seals assure maximum humidity protec-
tion. Simplified mounting arrangements such as those
illustrated are used with entire safety and satisfaction
on all types of equipment. Standard KOOLOHM types
include 5- to 120-watt power units, bobbin types, her-
metically-sealed resistors, meter multipliers, high-resist-
ance high-power units, etc, Write for catalog 10EA.

:'.:‘3‘: fyl 5

SPRAGUE
KOOLOHM

Trademark Reg. U. S. Pat. Off

WIRE-WOUND RESISTORS

SPRAGUE ELECTRIC COMPANY, Resistor Division, North Adams, Mass.

‘KOOLOHM RESISTORS -

oTrademarks Reg. U. S. Pat. Office

6 © COMMUNICATIONS FOR JULY 1946
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The Collins 300G 250 Watt
Broadcast Transmitter

The excellence of Collins broadcast equipment is an
accepted tradition, backed by years of reliable serv-
ice under continuous operation. During the war
years, when maintenance was a major problem, own-
ers and operators of Collins equipment found their
faith thoroughly justified by the thousands of hours
of uninterrupted operation logged on their stations.

The new Collins transmitters and speech equip-
ment reflect the soundest principles of design and
construction. By careful attention to detail, and by
combining foresight with experience, we have de-
veloped high fidelity broadcast equipment that is
outstanding for endurance, style, and accessibility.

The 300G 250/100 watt AM transmitter is de-
signed for continuous high fidelity service. The fre-
quency response is within =1.0 db from 30-10,000
cps, and distortion and noise are far better than FCC
requirements. Stabilized feedback maintains the
excellent performance over variations in operating
conditions.

S— FOR BROADCAST QUALITY,IT'S...|

The Collins 212A-1 Studio Console

The Collins 212A-1 speech input console is a pack-
aged unit providing simultaneous auditioning or re-
hearsing, cueing, and broadcasting from any combi-
nation of two studios, an announce booth, a control
room announce microphone, two turntables, and six
remote lines. The frequency response of 30-15,000
cps is ideal for AM, FM, and Television applications.
The chassis rotates within the end supports, permit-
ting maintenance during operation.

Write today for illustrated bulletins describing
these and other Collins broadcast equipments.

Collins Radio Company, Cedar Rapids, lowa
11 West 42nd Street
New York 18, N. Y.

458 South Spring Street

Los Angeles 13, California

COMMUNICATIONS FOR JULY 1946
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RHEOSTATS

. « « Increased Quantities Now
Available on Short Delivery Cycle!

TYPE PR-25— 25-watt rating. Temperature rise, 140°C. Standard resistance
values, 1 ohm to 5,000 ohms. Diameter, 12%". Depth behind panel, 34",

TYPE PR-50—50-watt rating. Temperature rise, 170°C. Standard resistance
values, 0.5 ohm to 10,000 ohms. Diameter, 2%%". Depth behind panel, 1%,

TYPE PRT-25—(AN3155-25). 25-watt rating. Fulfills AN3155 specifica
tions. Totally enclosed. Heat-radiating black finish. Rear terminals
Standard values, 10 ohms to 200 ohms. To 5,000 ohms on special order.
Temp. rise, 140°C.
TYPE PRT-50—(AN3155-50). 50-watt rating. Same construction as PRT-25,
to AN3155 specifications. Standard values, 5 ohms to 200 ohms. To 10,000
ohms on special order. Temp. rise, 170°C.
All IRC Rheostats operate at about half the temperature rise o/
equivalent units and can be operated at full load on as little as
25% of the winding with only a slight increase in temperature rise.

A

'of

INTERNATIONAL RESISTANCE CO.

401 N. BROAD ST., PHILADELPHIA 8, PA
CONTACT YOUR IRC REP-!ESENTAT"E Canadian Licensee: International Resistance Co., Ltd.. Toronto
FOR COMPLETE DETAILS

8 ° COMMUNICATIONS FOR .I'q.v 1946
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Full, accurate use of station WWYV, the world’s
finest primary frequency and time standard, is ob-
tained from the Browning Model RH-10 Standard
Frequency Calibrator, The standard Browning RH-
10 is pre-tuned for 5 and 10 megacycles per sec-
ond reception, at sensitivities better than !/2 micro-
volt on either band. A dual filter system provides
selection of either the 440 or 4000 cycle modula-
tion of WWYV for use as a primary frequency
standard,

Checking equipment against station WWYV, at
accuracies up to one part in five million, the
Browning Frequency Calibratar enables compari-

sons to be made in three general categories:

I. Precision radio frequency standards measure-
ments,

2. Precision audio frequency standards measure.
ments,

3. Precision time and pulse standards for physical
measurements.

The Browning RH-10 consists of a high @ an-
tenna transformer, a sharply tuned R-F amplifier,
converter, oscillator, two IF stages, detector,
selective amplifier output stages and a cathode ray
zero beat indicator. Although normally supplied
for 5 and 10 megacycles per second operation,
any two combinations of 2.5, 5, 10, or |5 mega-
cycles may be had on special order.

WRITE FOR DESCRIPTIVE LITERATURE

BROWNING
MODEL OL-15
OSCILLOSCOPE

Designed for observing phenomena requiring
extended range amplifiers and a wide variety of
time bases, the Browning Model OL-15 Oscillo-
scope incorporates improvements that make it use-
ful in numerous applications where ordinary oscillo-
scopes are inadequate.

For instance, the Browning OL-15 is particularly
adaptable to television, radar and facsimile work,
as well as with radio-frequency equipment where
it is desirable to know actual r.f. waveform com-
position. The low repetition sweep gives visual
observation when recurring phenomena of a few
sweeps per second are encountered.

Suitable time base facilities for studying signals
with a constant time difference, or those with an
inconstant time separation between consecutive
phenomena, are provided by the Browning OL-15.
In general, the improved design and superior
construction of the -Browning. OL-15 make it a
highly flexible instrument for use in all laboratory
work, production testing, or research applications.

WRITE FOR DESCRIPTIVE LITERATURE

LABORATORIES, INC.
MASS.

WINCHESTER,

COMMUNICATIONS FOR JULY 1946
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electrical pipe-line mm)

Microwaves make their journey from
apparatus to antenna not by wire,
cable, or coaxial — but by waveguide.

Long before the war, Bell Labora-
tories by theory and experiment had
proved that a metal tube could serve as
a pipe-line for the transmission of elec-
tric waves, even over great distances.

War came, and with it the sudden
need for a conveyor of the powerful
microwave pulses of radar. The metal
waveguide was the answer. Simple,

EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR CON-

TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE

rugged, containing no insulation, it
would operate unchanged in heat or
cold. In the radar shown above, which
kept track of enemy and friendly
planes, a waveguide conveyed micro-
wave pulses between reflector and the
radar apparatus in the pedestal. Bell
Laboratories’ engineers freely shared
their waveguide discoveries with war
industry.

Now, by the use of special shapes
and strategic angles, by putting rods

G0N 3%

N; BELL TELEPHONE LABORTORIES

fs
2
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across the inside and varying the di-
ameter, waveguides can be made to
separate waves of different lengths.
They can slow up waves, hurry them
along, reflect them, or send them into
space and funnel them back. Bell Lab-
oratories are now developing wave-
guides to conduct microwave energy
in new radio relay systems, capable of
carrying hundreds of telephone conver-
sations simultaneously with television
and music programs.

——— W e
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Recording and Broadcasting of Preparations for

BIKINI ATOM-BOMB TEST

Unique Methods Used to Prepare “On Locale™ Recordings
in Planes, at Sea and on Land for Rebroadcasting. Ampli-

fier and Recording Correction Factors Developed to Over-
come Extreme Temperature Variations Encountered

Traveling 15,000-Mile Route to South Pacific

1927%nts'
QA Fbi

by ALLAN A. KEES

Chief, Audio Facilities,

Universal Broadcasting Company

ONE OF THE MOST INTERESTING,
technically, and exciting of all radio
broadcast station operations is the
special events division. Fire, floods,
wrecks, parades, sports—all jam into
this classification. But the one to end
them all probably was the recently-
completed 15,000 mile trip by the spe-
cial events department of KSFO and
the Universal Broadcasting Company
of San Francisco to the Marshall
Islands, some 5,000 miles out im sthe
Pacific, for a program givingr aspre-
view to the atom-bombittestatuiziom
To provide novonheaiglimmpddqfrishe
preliminaryltwork+beidgodene . Auroithe
atomibombisitests, butombsorzelondspic-
tures of the site ofitiseitepy and other
neighboring Marshall islands, the na-
tives, their customs and‘ actnélm 1
their reactions to the prep 1at10ns
ing made, it was decided to make on-

'd?hg’s;ié‘tl'fee& dfn"és 1t lotsnutio™

bisodyfi fffsa[?ﬁ"'%mdlo' H s[ﬁélflal
- tiferitlitl ce‘i'v”cfil/B idbton
31L KPS ot P16 f0-

ceed to the Bikini area to make rec-
ordings of these preliminaries atten-
dant to the atom-bomb tests. The crew
of three was made up of: Ray V.
Hamilton, executive vice president;
Austin Fenger, West Coast radio re-
porter, and the writer.

It was the intent of the, Qpemhm(,m
take this basic pg@gﬁsamam'ltﬁmal, orfe-
cordeden focalezornkhthemoRysrtheéin
shack ta our mmmrstudtes-in SanoBvah-
eised. [fFheseliretordingé | wete qtp 1be
assembled, some {wfieing adeled swhebe
necessary for station and commercial
tie-ins, timed, and dmplfen® nedrdidi¥s
cut from the master assemblage. They
agebaHish 19'He ShipgE VMR i8idear-
Ap5q R A ‘é‘é‘i?&n’ IR 1gvar He
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Allan Kees at Bikini with recording equipment
use to prepare recordings of atom-bomb tests.
(Army-Navy Joint Task Force No. 1 photo)

Austin Fenger, UBC news reporter, in cockpit
of -U. S. Navy ‘PBM. describing arrival at
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The right hand man of Chief Judah being interviewed by Austin Fenger for the atom-bomb test pre-
view programs. Left to right: Ray V. Hamilton, UBC executive vice president; Mr. Fenger; native

interpreter, and the councilor.

countered on a trip of this nature and
they were.

Much experience had been accumu-
lated on a recent, similar-style trip to
Hilo, Hawaii to cover the disastrous
tidal wave which struck there. Thus
we had a working knowledge of the
tvype of equipment that might be
needed. Applying this information we
decided to take along three 6-volt
storage batteries, a 350-watt rotary
converter with adjustable speed con-
trol, a portable disc recorder (112-line
feed), standard dynamic microphones,
special audio amplifiers, filters, record-
ing discs, etc. Total weight was ap-
proximately 500 pounds.

Land and Sea Planes Used

The crew and equipment was flown
by Naval Air Transport Service to
Kwajalein (in a, fppr -motor  R5D
(C54) 'wmmeﬂt’ﬂs Yewsiheguifl
X aoitet LIVW I *mqmo:n
ono u unm\ e, leadquatte»rs were
establlshe(l dnd lans mapped_out to

L

mterestxng oPE:

degrrees north of the
. eYtremely o'

raft through ¥he" ¢
beach. It requircds
in this bouncin

(Arm_\ Navy Joint Task Force No. 1 photo)

the equipment ashore. (Here, the
need for less and lighter equipment
tipped its hat to us.) The recording
equipment was set up in the Govern-
ment House, it being the only place
that was dry and had a floor.

The first programs cut consisted of
mterviews with Judah, the head man
of Rongerik, the Magistrate, and re-
cordings of some of their native songs.

Test Cuts

Upon making a test cut and inspect-
ing the records, it was found that they
were so soft, that the audio recording
level had to be reduced about 8 vu
under normal. Because the weight of
the play-back pickup spoiled the test
cuts, due to the record softness, it was
impossible to check the final programs
in the field. Even with an 8 vu re-
duction, the microscope revealed that
the audio level was still high, so the
gafwiwisdreduced by another 4 vu for
-the | pogtsivecording,, Even so, San
iiFrimcgfconyliredi forseven further re-
-tduetions@ nFembytmoman wu'o? Avere
Adrappestow Thisiihade ithestbfal 162in
Honm pader narsad. smoz bsldmszes
Isio1armmos bne noiilsle 101 yiseesoan
Vikbation Eroblems hrs bomit zni-sit
varl susldmoeees 19fesmn o6lt ol juo
Tsirh& SHUIRPENG s Ahel packsd,up

pd,56 e'np’%,gm'eél LHps mads) back,
YIengh, the, surk, tor the FBM,.;iJust
Drigge 5mk?70 o this £ommment as, set
B 1285 rwiEd Hupls toom, of the
shlane; Phcadat0y! €opbl 9!4?:!6?&0’@//3
description of “the first Sl,g]"l of; the
1dslapd of | Biking, 8, was jn the PBM
“thatodhe,first real, difficulty, aecurred.
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The vibration from the twin motors
of the plane was worse than anything
which had previously been anticipated,
and no amount of padding beneath the
recorder reduced the vibration to a
point where a satisfactory cutting
could be made.

With a length of rubber exerciser
cord, a cradle was made, and the
recorder set into it. This arrange-
ment resulted in reducing the vibra-
tion to a point where, while there was
considerable shaking, there was not
enough pattern on the disc to spoil
the recording. To reduce the roar of
the motors, a high-pass filter was used
with a cut-off frequency of 125 cycles.
A frequency of 90 cycles would prob-
ably have proven a better compromise,
as it would have cut off less of the
voice frequencies and still reduced the
motor noise.

Corrective Adjustments

Further, to illustrate the wide range
of difficulties encountered, cutter ad-
justments were made just before take-
off ; however, on approaching Bikini
at about 5,000 feet, it was noticed that
the records had hardened, due to the
change in temperature, to such an ex-
tent that the recording needle made
very light grooves in the disc. Three
flight runs had to be made until frantic
corrective adjustments secured a satis-
factory recording. The temperature
change from sea level to 5,000 feet
was approximately minus 35 degrees.

At Bikini, the crew and equipment
was transferred by small boat to the
USS Orca, a Navy sea-plane tender,
where the very first effort by the
tired crew was to get the batteries
charged. Due to the temperature and
humidity, each piece of equipment had
to be wiped off, oiled, and the micro-
phones and recording heads packed
with bags of moisture absorbent. As
another result of the high humidity,
exposed metal parts rusted badly over-
night. To prevent this, four 100-watt
lamps were installed in the case which
housed the recorder and were burned

angontinuously whenever the recorder
-omag not. in use. This heat kept the
moisturejzonti,.of the recorder and
sclarmnphb fpari [Rhesd precautions paid divi-
sridends, sasboglystiwdiwathode resistors
-oiweteolostoadsetd ntetstuhwothinthirty
19diyhof operationto stie ods Yo 2913
-grr orly 2bnsglet Ilisde1sl gnitoddgion
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the Nagato, where it was necessary
to string a long extension line to
another ship alongside to obtain
power. Preciseness in the power sup-
ply frequency or constancy is not al-
ways obtainable, and constitutes one of
the big problems in recording.

Humidity Problems

The only real trouble at Bikini was
with the records themselves. Again,
due to high humidity, the records
sweat, and upon being dried or wiped
off, a hard, thin film formed on some
parts of the record, causing thin cuts
on these portions. Apparently the best
way to combat this was to put four
sacks of the moisture absorbent in the
record-carrying cases and, upon taking
a disc out of this case, to use it
within an hour.

The next stop was at Kwajalein. It
will be recalled that, during the war,
Kwajalein had been almost denuded of
palm trees by the pre-invasion bom-
bardment of the U. S. Fleet (only 12
palm trees remained standing), and
consequently there was no protection
from the sun for either the equipment
or the staff. Since Kwajalein, further
South, lies only 8 degrees north of
the Equator, it was even warmer than
Bikini, and greater care had to be
taken to protect the equipment. It was
found that the equipment had to be
cleaned and oiled twice a day, and the
electric lights previously referred to,
were kept burning all the time the
equipment was not actually in use.

After a short stay at Kwajalein, the
crew went to the island of Majuro via
PBM, and from Majuro to Laura
Island by crash boat for a two-day re-
cording session. Aboard this crash
boat, the equipment had to be covered
with tarpaulins to keep out the salt
water spray. This was a constant
problem.

Packing our equipment, we made the
return trip to Majuro, again by crash
boa, end from Majuro to Bikini via
the Navy flying boat. The main point
here is that during this two-day per-
iod, the 500 pounds of equipment were
transferred from one conveyance to
another, 22 times. After this ex-
perience, many notes on methods of
lightening the equipment were made!

Trial Runs

Back at Bikini, two more plane rec-
cordings were made, the first aboard
a four-motored C54 photographic ship
on a trial run over Bikini. It was in
this plane that some of the most diffi-
cult recording conditions were en-

Transferring equipment from plane to rubber life raft during the recording tests.

two trips of this nature were required in a

countered. The plane had been stripped
of all interior soundproofing, and
holes had been cut in the side of the
ship to accommodate all the cameras
installed to photograph the results of
the atom-bomb explosion. The wind
whistled through and the motors
roared, and with the flight over Bikimi
at an altitude in excess of 10,000 feet,
again, the difficulties of rapid record
hardening due to temperature drop
were encountered. A cradle of rubber
exerciser cord for the recorder again
saved the day.

Landing at Eniwetok, some 350
miles northwest of Bikini, arrange-
ments were made for a show from a
pilotless B-17, one of the aircraft to
be guided by a mother ship flying
from ten to twenty miles away through
the atomb-bomb clond, immediately
after the explosion. The recording
equipment was set up just back of the
radio room with the announcer in the
nose of the ship. A jeep stationed at
the end of the runway took the plane
off the field by remote control and
when airborne and 400 feet up, the
mother ship took over. After a half-
hour demonstration, the plane and
crew were landed by remote control
by the same jeep at the end of the
runway. In making the recording on
this pilotless plane, the worst vibration
pattern possible was encountered, but
by the use of a filter, the rumble was
eliminated. As a personal item, it

day.

As many as twenty-
(Army-Navy Joint Task Force No. 1 photo)

might be said that there was con-
siderable banter as to whether some
of the vibration on this pilotless ride
might have been caused by the record-
ing crew’s knees knocking together.

Various other broadcasts were made
on Carlos and other islands in the Pa-
cific, and then the crew was flown
home by Naval Air Transport Serv-
ices.

Summary

In summary, the main technical
problems encountered were those
caused by climatic conditions and ex-
cessive vibration in planes. Because
of high temperature, recording levels
had to be decreased by approximately
12 to 16 vu due to the recording head
damping, thinning and softening of the
disc materials. Equipment had to be
continually wiped and oiled, micro-
phones protected from the moisture
by Protec-Sorb bags, equipment cases
kept dry by burning light globes in
them, microphone cable plugs enclosed
in sacks made of parachute silk, the
recorder slung in a cradle of rubber
exerciser cord to overcome plane vi-
bration, high-pass filters used to re-
duce motor roar, and an advance ball
used to keep the recorder head from
skipping due to excessive vibration.
The crew isn’t joking when they say,
“The equipment will be lighter, next
trip”!
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DYNAMIC

THE DYNAMIC CHARACTERISTICS OF A
PENTODE, in which a resistance load is
inserted in the plate circuit, is of par-
ticular importance in the design of
high signal level resistance-coupled
amplifiers. This characteristic will be
found more convenient for calculations,
when maximum output voltage is de-
sired, than the plate characteristics
generally supplied.

If only a small output voltage with
maximum gain is required there is con-
siderable latitude in the choice of the
operating point without the occurrence
of perceptible distortion and the usual
plate characteristic curves are ap-
plicable.

In studying pentode dynamic char-
acteristics, a family of plots for sharp
cut-off pentodes, 6SJ7, 6SH7 and
6AG7 were prepared, Figures 1 to 7.
In these plots a family of characteris-
tics for a particular plate load and
supply voltage is shown. The plate
current and the plate voltage were
plotted as a. function of the control
grid voltage using the screen voltage
as a parameter. In each case the tube
chosen for measurement was the aver-
age of six tubes tested.

The shape of these curves for differ-
ent screen-grid voltages will be found
somewhat similar, with a nearly
straight portion at the middle, gradual

Figure 4 (left)

Dynamic characteristics of 6SH7. Supply voltage, 250; load resist-
ance, .1 megohm; heater voltage, 6.3.

Figure 3

Dynamic characteristics of 6SJ7. Supply voltage, 150; load resist-

ance, .1 megohm; heater voltage, 6.3.
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CHARACTERISTICS OF PENTODES

curvature at the lower end and a fairly
sharp top bend.

Prepared also were a screen-grid H . < 4
current family of curves (Figures 8 to Analysns of the Use of Dynamlc Characteristics of

14) for the 6SJ7, 6SH7 and 6AG7Z, to 2 DI . . .
study the funetion of control grid vorr.  Fentodes in Designing High Signal Level Resistance-

age using the screen grid voltage as a

B ameter. These curves shoug prove  coUpled  Amplifiers. Measurements Made with 657,

useful for estimating the portion of the

total tube current drawn by the screen 65H7 and 6AG7 Sharp CUt'Off Pentodes Offered in a
iy Group of Plots.

Plate and Dynamic Characteristic
Design Procedures

To analyze the usefulness of the
dynamic characteristics as a design ap-
proach, design steps using plate and

dynamic characteristics were studied. b y s j H A E F N E R

Design Steps Using Plate Characteris- .
tics: It is first necessary to choose the Development Supervisor of Electronic Design and Measurements

plate load resistance, supply voltage, Ce S HiNy RNy Soumel Ralomity
and plate and screen voltages of, let us
say, a 65]7.

The value of the load resistance is
determined from f{frequency response
consideratiohs. For this example let I | | |
us suppose a load resistance equal to .1

1,000, or 1.05 ma.

SCREEN 9 70 50 30
megohm ; supply voltage, 150; plate 1 — 6040201 .
and screen grid voltages, 45. i r"/[ ﬁo

In the next step the plate current 3 J ;
must be calculated. Since the voltage > / o
drop in the load resistance is equal to I:J ;
the supply voltage minus the plate volt- Q YW
150 - 45 5 / / / &
age, the plate current is X o =)
100,000 = / / / 3
w w
3 T
a z

The receiving tube characteristics 200 / /
(Figure 15) are then entered on the 1
plot of.the operating plate and screen 250
voltages for the 6SJ7 tube and we find -50 -45 -4.0 -3.5 -30 -25 -20 -1.5 -1..O0 0S5

the grid bias voltage and screen cur- CONTROL GRID VvOLTS
rent. We note, for example, that at a
plate current of 1.05 ma the bias would Figure §
be -1.5 vo]ts, and the screen current at Dynamic characteristics of 6SH7. Supply voltage, 250; load resistance, .25 megohm; heater voltage, 6.3.
this bias voltage would be 0.35 ma.

In the next step the cathode current
and bias resistance is calculated.

The cathode current is the sum of

" Figure 6

the plate and screen grid current and . .

X Dynamic characteristics of 6SH7. Supply voltage, 250; load resist , .5 megohm; heater voltage, 6.3.
is equal to 1.05 4 .35 or 1.40 ma. The R ¢ cater

bias resistance is equal to the bias volt-
age divided by the cathode current or
1.5

— X 1,000 = 1,070 ohms. A com-
1.4

mercial value of 1,000 ohms would be
used.

SCREEN | T T T

- GRID VOLTS —I50 —125 — 100 6050
o 7 71 /
B /I ¥V |/ /

VOLTAGE=- VOLTS

It is then necessary to compute the

pod ,/// A

screen grid voltage dropping resist- -~

w
2595.5 -50 -45 -40 -3.5 -30 -25 -20 -I.5

CONTROL GRID VOLTS

ance, if one is used, to give the correct
screen grid operating voltage.

PLATE CURRENT- MA

PLAT

The voltage drop in this resistance
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-1.3

7.0 <15 00

is equal to the supply voltage minus
the screen grid operating voltage and
is numerically 150 - 45 or 105 volts.
The resistance is equal to the voltage
drop divided by the screen grid current

105
or —5— X 1,000, or .3 megohm.
3

From the plate-characteristic curves
(Figure 15) we then have to determine
the G, # and R, at the operating bias
voltage.

From the cyrves, at -1.5 volts grid
bias voltage, G = 1,050, u = 1,350,
and R, = 1.3 megohms.

In the final step the voltage gain of
the tube is computed. This is nearly
equal to G, times the parallel resis-
tance of the load resistance and the
grid resistance of the following tube.

Assuming a grid resistance of .25
megohm, the voltage gain of the tube

25 % .1

is approximately 1,050 X ———— or

35

| |/ ’,/ ;;/ /1.
AN 4T L.
JATAVAVAN NI
NN 88 7,/,.%
- JENN /1.8
/L] [ |3
/ H
i

4.3 -60 -33 -50 493 -4.0 -33 -10 =25 2.0 -8 -.0 -3
CONTROL GRID VOLTS
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75, with the cathode resistance suffi-
ciently bypassed.

The maximum possible undistorted
output voltage of the 65J7 pentode is
of the order of 10 volts rms (obtained
from dynamic characteristics plot)
with the assumed supply voltage of 150
volts, operating voltages of 45 on the
screen grid and plate, and a bias volt-
age of -1.5 volts.

It is well known that minimum dis-
tortion occurs with any triode when
the control grid voltage is as smal] as
possible without any risk of running
into grid current. For a pentode, how-
ever, due to the control of the voltage
on the screen grid, it is possible to ad-
just the operating conditions so that
the working part of the characteristic
(the straight portion) is well away
from the grid carrent region. Since
with a pentode the operating point can
be arranged not to enter the grid-cur-
rent region, the control-grid voltage
swing is only limited by the curvature
at each end of the dynamic character-
istic.

Although the plate characteristic of
a resistance-coupled pentode is the
basis of calculation, it is more con-
venient to use the dynamic character-
istic to determine the maximum output
voltage.

Design Steps Using Dynamic Charac-
teristic Curves: Now let us take the
foregoing example and solve it by

300! ) 0
<40 -7.3 <70 -6.3 -€0 -5.3 -5.0 -4.3 ‘40 -3.5 -30 2.8 20 1.5 -0 -8 O

CONTROL GRID VOLYS

Pigure 7 (above)

Dynamic characteristics of 6AG7. Supply voltage, 300; load resist-
ance, 10,000 ohms; heater voltage, 6.3.

Figure 8

Dynamic characteristics of 6SJ7. Supply voltage, 250; load resist-
unce, .25 megohm; heater voltage, 6.3.

using the dynamic characteristic

curves.

First we select the plate load resis-
tance and supply voltage: for the illus-
trative example the load resistance is
.1 megohm and the supply voltage is
150.

Finding Plate Current

From the dynamic-characteristic plot
we find the plate current. This is ap-
plied to the plot with the supply volt-
age and load resistance for the tube
used, and we select the curve from the
family of curves corresponding to the
value of assumed screen grid voltage.
For maximum output voltage we should
select a bias voltage in the middle of
the strasght-line portion of the particu-
lar curve chosen and read the plate
current corresponding to this voltage.

In this example (from Figure 3)

I, = 1.05 ma at a bias of ~1.5 volts
and a screen grid voltage of 45.

Calculating Tube Gain

The gain of the tube is then calcu=
lated. Since the plate current is also
the current flowing through the load
resistance, there is a linear relation-

Figure 9

Screen-grid current

characteristics of

6SJ7.

Suyply voltage, 250; load resistance, .5 megohm;
heater voltage, 6.3.
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year thereafter.

connection with the war effort.

frequencies for railway use.”

**THIS PIONEERING EFFORT...”

“The Chicago and North Western Railroad, always interested in technological develop-
ments which promise improvement in the efficiency and safety of railway operations,
participated in the first regular use of very high frequency railway radio. This installation
went into operation in our Proviso Yards in September, 1940, and continued for ovet a

“We are happy that the technical and operating information secured from this pioneer-
ing effort was subsequently useful to the Army Ordnance Department and to the operators
of the large Army Ordnance Plants in making their decision to use railroad radio in

“The case histories provided by the use of radio at Proviso and in the large ordnance
plants were later to become an important part of the railroad testimony in the Federal

Communications Commission hearing which brought about the present allocation of

PRESIDENT,

Chicago and North Western
Railway System

When the Chicago and North Western
Railway conducted its Proviso Yards pioneering of
high frequency radio for communications purposes,
some of the present members of the Farnsworth Mo-
bile Communications Division assisted in a technical
capacity. These individuals, too, were largely respon-
sible for the Army Ordnance Department’s first use
of radio in railway operations.

These events occurred more than five years ago, long
before the Federal Communications Commission’s
recent allocation of frequencies for railway use—and
at a time when the future of railroad radio was fraught

with doubt, and only one organization was pressing
for recognition of the railroads’ right to frequencies.

Today, the results of almost a decade of pioneering
effort and engineering appear in the new Farnsworth
152-162 megacycle railroad radio equipment—system-
atized equipment designed to guarantee maximum
availability and flexibility with simplified, low-cost
maintenance—equipment meeting all of the presently-
established requirements of the Federal Communica-
tions Commission and the Interstate Commerce Com-
mission. Farnsworth Television & Radio Corporation,
Dept. C-7, Fort Wayne 1, Indiana.

FARNSWORTH rvsion s arion

Farnsworth Radio and Television Receivers and Transmitters »  Aircraft Radie Equipment +  Farnsworth Television Tubes + Halstead Mobile
Communications -and Traffic Control Systems for Rail and Highway ¢+ the Farnsworth Phonograph-Radio « the Capehart + the Panamuse by. Capehart
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ship between the plate current and the
plate voltage. A plate voltage scale is
shown on the left-hand side of the plot.
The gain of the tube is A E,/A E, or
the slope of the dynamic characteristic
Since the load resistance is
shunted by the grid resistance, R,, of
the following tube, the gain will be

curve.
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reduced to approximately R./(R, +
RL) of the gain just calculated.
For the 6S]J7, the gain from Figure

AE, 30
3, is — = 100, and the net gain is
AE, 3
25
100 'k — or 71.5, with the cathode
.35

resistance sufficiently bypassed.

Figure 12 (left)

Screen-grid current characteristics of 6SH7.
Supply voltage, 250; load resistance, .25 megohm;
heater voltage, 6.3.

Figure 13

Screen-grid current characteristics of 6SH7. -

Supply voltage, 250; load resistance, .S megohm ;
heater voltage, 6.3.
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Figure 10 (above)

Screen-grid current characteristics of 6SJ7._. Supply voltage, 150;
load resistance, .1 megohm; heater volkage, 6.3.

Figure 11

Screen-grid current characteristics of 6SH7. Supply voltage, 250;
load resistance, .1 megohm; heater voltage, 6.3.

The screen grid current is then found
by referring to the proper curve of
Figures 8 to 14. The screen-grid drop-
ping resistor is equal to the supply
voltage minus the screen-grid voltage
divided by the screen grid current.

Numerical Values for 6SJ7
The numerical values for the 6SJ7 ex-
ample are, from Figure 10: Screen grid

T T T
[
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MUATRITRRITINING
T
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—

current, 0.35 ma; screen grid dropping
150 -45
resistor, ——— = .3 nlegohm.
35

The bias resistance is then calcu-
lated. This resistance equals the bias
voltage divided by the sum of the plate
and screen currents.

The total cathode current is 1.4 ma. 203
]
15 oz
The cathode resistance is — X 1,000 63:;
1.4 o
= 1,070 ohms. o g
/ &
12 Z
4 / W
[« 4
Plate Distortion 1083
y.
Referring to Figure 3 it is evident
that the peak plate voltage swing on /‘
the straight part of the dynamic-char- A A e
acteristic curve, with the operating e A ¢
point assumed in the above example, is - //4 ,4
about 15 volts. Therefore, the maxi- o -
mum undistorted output voltage is ap-
proximately 10 volts rms.* An output § g . -5.0 -4.0 B0/ 72,5 =20 -1.8 0

voltage of about 25/7/ 2 rms volts can GONTROL_CRIE VOEES

be obtained however with a small (in
most cases unobjectionable) amount of
distortion by allowing the swing to ex-
tend part way into the curved upper Bigume 13

]’)OI‘tiOIl of the (Iynamic characteristic. Screen-grid current characteristics of 6AG7. Supply voltage, 300; load resistance, 10,000 ohms;
heater voltage, 6.3.

A good working rule for maximum
possible output voltage is to select the
working point at a current of approxi-

0.56 X Supply Voltage®

mately
ILoad Resistance
Figure 15

Characteristic curves of 6SJ7 used in design procedures employing plate and dynamic characteristics.
Substituting Numerical Values

Substituting numerical values for
the problem in question we have I, =

z z
R = 45 VOLTS 3000 2& E, = 22.5VOLTS =4
55 % 150 ra’ 45 VOLTS gg Eyp * 225 VOLTS ’5?_:
——— X 1,000 or 0.84 ma. ! 2,000 52 N a3
Vead
100,000 = 3 g

At the bias voltage of -1.5 the
operating plate and screei voltages are
66 and 41 from Figure 3. Tt is appar-
ent from the curves that the maximum
plate-voltage swing and hence the out-
put voltage will be larger than that at
the operating plate voltage of 45 volts.
An estimated maximum output rms
voltage from the curves with a small

amount of distortion is 46/\/ 2 volts.

|
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PLATE CURRENT - MILLAMPERES

SCREEN GRID CURRENT — MILLIAMPERES
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1 See reference to this value in plate-charac-
teristic distortion data.

|
|

2 Radiotron Designer’s Handbook, Amalga- -3 K -2 -1
mated Wireless Valve Company, Pty., Ltd., Aus- GRID VOLTAGE
tralia, p. 273.
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TRANSMISSION LINES as
IMPEDANCE TRANSFORMERS

Concluding Installment Presents Typical Problems and
Solutions Involving Quarter-Wave Line, and Open and
Shorted-Stub Matching. Circle Diagrams for Transmission-

Line Solutions Also Explained.

by L. R. QUARLES

Associate Professor of Electrical Engineering, University of Virginia

THE QUARTER-WAVELENGTH LINE is the
simplest application of the transmis-
sion line as an impedance transformer.

Let us consider the equations for
the current and voltage in a line hav-
ing negligible losses. These are’

E,=E,cosB8l 4 j1,Z, sin Bl (1)
and
Er
I.=1,cospl + j sin Bl 2)
Z

where E. and 1, are the input,
voltage and current, while E, and I,
are similar quantities at the receiving
end. Z, is the characteristic impe-
dance of the line and B! is the angular
length of the line. For a quarter-wave
line (i. e, B/ = n/2) these reduce to

F J1,Z, sinw/2

and

18
o =¥ sinm/2 |
ZD
Hence we have the relations,
EI Zl;o
L E/I,
or
A 4 N S (&3]
Figure 1

Quarter-wave matching section.

-0 = == On D - -

Here Z, is the impedance presented
across the input terminals, which, for
a match, should be equal to the gen-
erator impedance, while Z, 1is the
terminating  impedance. Thus a
quarter-wavelength line transforms the
terminating impedance, Z,, to a value,
Z., given by equation (3). Since a
line of negligible losses as assumed
here has a characteristic impedance
which is a pure resistance, the section
will transform a terminating resis-
tance, R,, to a pure resistance value
at the input. If the terminating im-
pedance is complex, the input impe-
dance, because of the reciprocal rela-
tion between Z, and Z, in equation
(3), will have the opposite tvpe re-
actance, 1. e, capacitance is trans-
formed to inductance and vice versa.
These relations are shown in Figure 1.
Here a load, Z,, is matched to a gen-
erator 1mpedance, Z,, by inserting a
line one-quarter wavelength long and

YTransmission Lines as Resonant Circuits
CoM MUNICATIONS; May 1946.

Figure 3
Line-to-antenna matching with quarter-wave line.

20 e
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of the proper characteristic impedance
between them. Best results are ob-
tained when the impedances to be
matched are of the same order of mag-
nitude. However, widely different
values may be satisfactorily matched
by a series of quarter-wave sections,
Figure 2.

Q Antenna Matching

A familiar example of a quarter-
wave matching section is the Q an-
tenna used by many amateurs. Sup-
pose we wish to match a 500-ohm
open-wire transmission line to the
center of a half-wave antenna whose
impedance at this point is 72 ohms.
From equation (3) we have

Z,=VZ,Z, = /500 X 72 = 190 ohms.
For mechanical reasons such a section
would normally be constructed of par-
allel rods, so let us assume the use of
2" diameter tubing. Then, since

D-a

s

Z, =276 log

a

D being the spacing and g the radius
of the rods, we get

D-25
190 = 276 log

25

Thus D is 1.46”. A section of 15”
diameter rods spaced 1.46” and a
quarter-wavelength long, connected as
shown in Figure 3, will thus match
our line and load.

It is interesting to note the effect of
letting Bl equal = (half-wavelength
section) in equations (I) and (2).
This gives, upon clearing,

BB
e e S0 ZEEEN
II If

A half-wave line will therefore act as

Figure 2

Quarter-wave sections to match widely different
impedances.

= Ol = Ovet—) & Oe— =

* OO = O « Q) =
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mmc’hﬂe/ An FM Radiotelephone
with a truly NATURAL voice quality:

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 S
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-100X (100 watts)is comparably low.

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

KAAR ENGINEERING

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

IMPROVED OVER-ALL FREQUENCY RESPONSE
THROUGH KAAR FM TRANSMITIER AND RECEIVER

10
S

A KAAR #M

-8

DECIBELS

=10

<15

100 200 300 500 1000 2000 3000 5000
FREQUENCY IN CYCLES PER SECOND

co
ENGINEERING

.
PALO ALTO +» CALIFORNTIA —__co_SFM——
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a unity ratio impedance transformer.
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Stubs

A still more flexible system of
matching is obtained by using short
sections, called stubs, of line across the
main line. By properly adjusting the
position and length of the stub or stubs
a line may be readily matched to the
load. From (1) and (2) we get the
relation

E, Z.cosBl4jZ,smpl
=7 -

5 4 4
Z,cosBl+jZ sinBl

Z’ -
I,
from which we see that for a given
load, Z,, the input impedance, Z,, is
a function of the length of the line.
Thus, referring to Figure 4, if we
terminate the line in a resistive load,
R, there will be some length, [, where
the impedance, Z,, looking to the right
has a resistive component, R,, equal
the characteristic impedance, Z,, of
the line. However, the impedance to
the right from the point 4 (that is,
the point at which R, is equal Z,)
will also have, in general, a reactive
component. In other words, it will be
of the form R, + j X,. We can cancel
this reactance term by connecting an
equal and opposite type reactance in
parallel with it at point A. We have
already seen®’ that an open or short-
circuited line will present practically
pure reactance across its input ter-
minals except when the line is a multi-
ple of a quarter-wavelength long. Such
a section of line, may, therefore, be
connected at 4 and its length adjusted
so the combination of the line to the
right and the stub presents only a re-
sistance, R, = Z,,, to the line to the
left of 4. Thus there is. a match at
this point. From point 4 to the load
we have standing waves but since this
is a short length the losses are small.

The necessary working equations
may be obtained from (4) by applying
the appropriate restrictions®. These
equations may be simplified if we use
admittances expressed in terms of the
ratio Y/Gs, where ¥ is the admittance
being considered and G, is the charac-
teristic admittance (a pure conduc-
tance) of the line. We further assume
that Z,, is equal to Z,,. The terminat-

Figure 4 (left)
Single stub matching.

Figure 5
Double stub matching.

ing admittance is given by the ex-
pression

Y, Z,

G, Z,

=g1r_jbu' (5)

For an open stub the equations, after
considerable manipulation, reduce to

\l(g”-l)*+b”
tan Bl, = —,
g 6)

and

glr—l
tanpl, = —mF ————
g, tan pl:l-blr

where BL and BL are the angular
lengths of the section [, and the stub

' (7)

respectively. If these are in degrees
we have
NI, gL,
I, = , and [, =-—, (8)
360 360

A being the wavelength. (For a short-
circuited stub the equations yield

(1 —glr)2 + bjxr
cotBl, = \/- -,
glr (9)

and

1 = 8ir
e (10)

g,.cot2-b,,

tan B, =

For stubs shorter than a quarter-wave-
length the short-circuited stub gives
the lowest value of [, if g, <1, while
an open stub gives the lowest value of
Lif g > 1.

As an example of such an applica-
tion let us reconsider the foregoing
problem for a frequency of 100 mc.
The terminating admittance gives the
equation,

500 4 ;O
Y, , =g.-fb.= =7+ 40 .
72+ 40

Since gi. is greater than unity an open
stub will be closer to the load and
hence will give the lowest losses in the

2COMMUNICATIONS; May, 1946.

SWare and Reed; Circuits, p. 161; John
Wiley. King, et al, Transmission Lines and
Wave Guides, p. 46; McGraw-IZill.
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A

unmatched section. Equations (6) and
(7) give the following values:

(7-1)*+0°
tan 8l, = ———————7 =227

Bl, = 66.2°

7-1
tan 8l, = ————— = .38
7(227) -0

Bl, = 20.8°

Substituting in (8) we have, since
A = 3 meters,

I, = (20.8/360) X 3 = .17 meter,
and
I, = (66.2/360) X 3 = .55 meters

Because of the effect of the shorting
bar of an open wire stub, this value
for I, should be corrected by subtract-
ing a value of D/2, where D is the
spacing of the stub wires, if such a
stub is to be used. No correction is
necessary for coaxial stubs.

Where the impedances are not
known the length of the stub -and its
position may be determined experi-
mentally by measuring the maximum
and minimum voltage on the line with
the load, Z,, connected. If we let Q
be the ratio of the maximum voltage
to the minimum voltage, then, for a
closed stub,

Q-1
cotBl, = *= B uiras (11)
VO
and
tan Bd = =0 (12)

where d is the distance to the stub
measured from a voltage maximum to-
wards the generator. If the distance
is measured towards the generator
from a voltage minimum, d is given by
the equation,

1
tan Bd = = — , (13)

VO

The values obtained from the fore-
going equations will usually need a
little experimental adjustment. Experi-
mental variation of the distance I,
Figure 4, for a coaxial line is some-
what difficult. This trouble may be
avoided by the use of two stubs, one
at the load and the other across the
line as shown in Figure 5. Here the

el e —
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Obtain dependable field strength patterns.

Field Strength ... ... oo v

Strength Meter is an instrument designed

Measurements to acceptable government specifications and

standards. The Stoddart Field
Strength Meter is

from88meito 4100me ...
- tive precision type
: receiver of extreme stability with sufficiens

amplification to operate a Vacuum Tube

N Voltmeter as the Indicating
Meter.

<O T TP

The single band, wide

range R.F. Unit offers noiseless
tuning from 88 MC to 400 MC. Thisis made
possible by the use of “Butterfly” circuit
elements which vary capacitance and inductance

S B

simultancously without the usc of sliding

contacts. By means of compensator controls on the
R.F. and mixer “Butterfly” circuit elements,
maximum resonance and sensitivity are assured
over the entire frequency range.

It is ruggedly constructed and suitably

protected to meet the rigid requirements for
Laboratory and Field Service. Write for complete

specifications and technical data.

FEATURES: Simplified
‘ calibration control. Exter-
MODEL N L\ - s nal outlet. for recording.
Dipole antenna tunable
over entire range. Power source 110 Volts A.C., 60 Cycles.
Rotary converter for 12- or 24.Volt storage battery operation.

Sensitivity —5 MV to 100,000 MV per meter.

STODDART AIRCRAFT RADIO CO.

GENERAL OFFICE AND FACTORY « HILLSIDE 9294
6644 Santa Monica Boulevard o Hollywood 38, California
2.159 G.M. Bldg. 2718 Grand Central Terminal Bldg. 110 W. Broadway

J TRinity 1-9260 MUrray Hill 4-2558 Cltrus %-0871

COMMUNICATIONS FOR JULY 1946 ¢ 23

www americanradiohistorv com
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stub at the load is adjusted so the int-
pedance presented by it and the load
in parallel will cause a match at the
other stub. A solution of the equa-
tions yields, for closed stubs,

Veot’BS -g,, +1

ot = ——  _cotf S,

Ve, (14)

and

cot Bl, = :\/g—,; Veot*8S5 -g,, + 1
—cotBS-b, . (15

Since the quantity under the radical

Figure 6
Line-to-antenna matching with double stubs.

in these equations must be positive, the
spacing of the stubs for a given value
of g is limited by the condition,

cot’BS ~g,, + 1=0. (16)
However, for any given value of g,
we can find some spacing, S, which

will permit a match by adjusting the
lengths of the stubs.

Double Stubs

Now let us solve our previous
problems of matching the feeder to an

Figure 7

Circle diagram used to solve matching stub problems. The ratio Zo/Zs = ¢, + jb, was used to
construct this diagram. Circles surrounding the point (1,0) are the result for various values of Z-r.
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antenna by means of double stubs.
Since g:. has been found to be 7, con-
dition (16) gives, :

cot’85=6, or

Hence

cotBS5 =245, )

S=—3.
360

Let us use a distance, S, of .15 meter

and find the other necessary lengths.

Equation (14) gives

1

BS'= 22%°, .. or

cot Bl, = —/cot* 18° -7 4+ 1 —cot 18°
V7 4
=-2.38
Bl, = 157.2°
157.2
l, = —— 3 =131 meters.
360

From equation (15)
cot Bl, =/7\/cot* 18° = 7 + 1 - cot 18°~0

=187
Bl, = 28.1°
28.1
l, = ——3 = .23 meter.
- 360

The construction of this matching ar-
rangement is shown in Figure 6. The
stubs have the same spacing and con-
ductor size as the feeder.

Circle Diagram

The solution of these matching stub
problems .as well as many other line
problems, may be greatly simplified by
the use of a circle diagram. No at-
tempt will be made here to develop
the diagrams, but we shall confine our
efforts to their use. If we plot the
complex input impedance, Z,, of a
line terminated in a load, Z., as the
length of the line is varied, we will
get a circle. The process repeated for
different values of Z, will yield a
family of circles. Again, if we use

Z,
the ratio, — = g, + s b,, we can con-

struct a diagram as shown in Figure
7, the circles surrounding the point
(1, 0) being the result for various
values of Z.. In this diagram g,. is
plotted along the s-axis and b, along
the y-axis. If we fix the length of
the line and vary the value of Z, we
get another family of circles whose
centers are on the vertical axis. These
are shown dotted in Figure 7.

We may now use the chart. of Fig-
ure 7 to solve our matching stub
problems. As an example let us solve
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Ceramic Trimmers
Bulletin 695

i Variable Resistors Tobular .

S OF 4 Bulletin 697 vbulariGeramic Selector Switches
ERGDLCER Capacitors Bulletin 722
Ceramic High Voltage Capacitors Bulletins 630 and 586

Bulletin 814
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Figure 8

Circle diagram, where 4 is for 3§\ spacing. This circle, used to get a double-stub system to match a
load, 200 — j 100 ohms, to a 500-ohm line at 100 mec, provides the values Yir = Ro/Zr = 2 4 j 1.
This is located at point B.

our previous problem by this method.
First we find the circle passing
through the point Y./G,, which for
our problem is the point 4 (7, 0).
This requires interpolation between
two circles of the chart. When a
matched condition is obtained Y./G.,
i. e., the input admittance divided by
the characteristic admittance, will be
unity so we follow the circle (shown
as a dot-dash circle in the figure)
through point A4 clockwise to its inter-
section with the vertical line through
the point (1, 0). The angle passed
through, as denoted by the dotted
circles, is the angular distance @L.
Our circle cuts this vertical line at
point B (1, - 2.25). By interpolation
between the dotted circles for 20° and
25° we get 21° for our angle circle.
We started on the zero angle circle

(the r-axis is 0 or 180°), so our angle
is 21° which checks our previous solu-
tion. As before, the distance I, is 17
cm. The y coordinate, — 225, of point
B is the unit value of this susceptance
which the stub must cancel. This re-
quires a value of + 2.25. As the stub
is pure susceptance, we find a third
point C on the y axis and with an
ordinate of 2.25. The angle circle
(again obtained by interpolating be-
tween two of the diagram circles)
which passes through this point gives
the angular length of the stub as 156°,
hence
156 -

l, = — 3 =1.3 meters.
360

For an open stub, such as.we used in
our previous solution, we subtract 90°
from the angular length of the short-
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circuited stub. Thus, using an open
stub, BL is 156° —90° = 66°, checking
the value found by computation. As
before, L is 55 cm.

To get a more general type solu-
tion let us use Figure 7 to find the
necessary data for matching a 500-ohm
line to a load impedance of 200 -5 100
ohms. This gives

R,
Y1r=—=2+jl'
Z,

We find the point with coordinates
(2, 1) as shown at D in Figure 7. We
then follow the circle through this
point clockwise to the vertical line
through the point (1, 0) as before.

This is the point E (1, -1). To can- .

cel the susceptance of —1 requires a
positive susceptance of unity, hence
the third point, F, is located at (0, 1).
Our lengths are now found from the
angle circles. Point D is on the circle
for 167° (by interpolation) and E
is on the one for 32°. We have there-
fore covered the angular range from
167° to 180°, hence to 32°. Thus our
angular length, B, is

(180~ 167) 4 32 = 45°,

hence

45
, = —3 =.375 meter.
360

The point F is on the 135° circle, so
Bl, is 135° for a closed stub, or 135-90
= 45° for an open one. For the open
stub, then

45
l,=—3 =375 meter.
360

By adding to Figure 7 other circles
determined by the following condi-
tions we can use the diagram for
double-stub problems. The centers of
these new circles are located by the
equations,

1
L ="l
2sin*B S (19)
b, =cotB S,
1
and the radii are given by —————,
2sin°B S

where S is the stub spacing as in
Figure 5. .
A circle, 4, for 3/8A spacing is
shown in Figure 8. Let us use this
to get a double stub system to match
a load, 200 - 7 100 ohms, to a 500-ohm
line at 100 mc. These values give

R,
Y, =—=24il,

This is located as point B of Figure
(Continued on page 38)
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A complete range of electronic
components to serve the

entire range of frequencies

in use today.

® As the emphasis in communications development
shifts more and more to the higher frequencies — no-
tably FM and Television — the electrical circuits and
the component parts involved require ever greater
accuracy in performance. Amphenol engineers have
always worked to help push forward the frontiers of
the science of electronics— the unrivalled production
facilities of Amphenol have supplied the quality com-
ponents required by new developments in this field.
@® Among the newest Amphenol products that will be
of interest to amateurs and to manufacturers of elec-

tronic equipment are: electrically better Hi-Q tube
sockets, octal angle sockets for cathode ray and other
tubes — Twin-Lead parallel transmission line — sev-
eral FM receiving antennas — new cables, including
some special ones for Television color cameras and
for Facsimile work. Write for complete information.

AMERICAN PHENOLIC CORPORATION
CHICAGO 50, ILLINOIS

In Canodo - Ampheno! Limited « Taronto

COAXIAL CABLES AND CONNECTORS e INDUSTRIAL CONNECTORS, FITTINGS AND CONDUIT o ANTENNAS e« RADIO COMPONENTS e« PLASTICS FOR ELECTRONICS
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PREVENTIVE MAINTENANCE
for Broadcast Stations

THE 1MIORTANCE OF A WELL kept tool
kit cannot be ov 'r- mphasized. Since
the preventive maintenance program is
a regular part of the daily schedule, the
required tools not only must be avail-
able, but they must always be in satis-
factory working condition.

Too much stress cannot be placed
upon the need for careful handling and
storing of tools. Missing or broken
tools cause delavs. The use of a sub-
stitute tool or one that is not exactly
suitable for the work at hand, in place
of a broken or lost tool, may cause un-
necessarv damage. The proper care of
tools is just as much a responsibility as
the proper care of the equipment itself.

Use and Care of Tools

Allen urenches. These wrenches are
used to tighten or loosen the set-screws
on fan blades, pulleys, etc. They are
small and easily lost and should be kept
in a small cloth bag. After use, they
should be wiped with an oily rag, re-
placed in the bag. and stored in the
tool box.

Part Il of Series Offers a Discussion of the Purpose,
Handling and Packing of Maintenance Tools Which
Include Wrenches, Drills, Flashlights, Pliers, etc.

x
4

-
f-

by CHARLES H. SINGER

Assistant Chief Engineer

WOR-WBAM

for light work only and should be used
with caution. The chuck-key should
be ‘attached to the drill with a stout
string so that it will not be lost. Bits
should not be allowed to over-heat as
a result of prolonged drilling. Exces-
sive heat will burn the metal and make
it necessary to redress the drill. Care
must be exercised to see that the bits
do not jam in the holes being drilled.
If a bit jams, the drill motor should be
stopped, the bit withdrawn and re-
placed. Electric cords must not be
pulled; drills should be handled by lift-

Electric drills. Electric drills must ing body.
be handled carefullv. Theyv are built Flashlights.  Flashlights must be
Figure 1
Machine and carpenter shop of WOR's technical facilities division.
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kept clean and ready for use at all
times. Burned-out batteries should not
remain in the case; they are apt to
swell, making it difficult to remove
them. Flashlights should be stored in
the top tray of the tool box if possible.

Pliers. Several types of pliers are
used. Although they have different
shapes and sizes, all must be cared for
in the same way. They should be kept
clean, and be oiled occasionally to keep
the joints free, with excess oil being
removed with a cloth. The pliers
should be stored in the tool box, not in
trouser pockets.

(') Diagonal pliers should be used
to cut copper wire up to size
No. 14, not iron wire or thick
wire.

(2) Side cutters or lineman’s pliers
should be used for all sizes of
wire up to No. 6, and to twist
wire when making connections.
They will serve wherever a
heavy pliers is needed.

(3) Gas pliers should be used to
hold round tubing, round studs,
and round metal objects which
do not have a screw-driver slot
or flat sides for wrenches. Tub-
ing must not be gripped too
tightly ; it may be crushed. Gas
pliers are designed for use on
round pipe and will damage any
soft metal or wrench-type fit-
ting ; they should not be used on
nuts or screw heads.

(4) Long-nose pliers should be used
to hold and bend small wires,
grip very small parts, and ser-
vice delicate apparatus. They

(Continued on page 52)
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The UTC Varitran is a simple autotransformer whose turns are arranged on one layer with the insulation removed so that every exposed turn
may be used as a tap of the winding. A special non-fusing contact, having resistance to minimize criculating currents, is mechanically arranged
so that it can be moved to any position on the winding, permitting the exact voltage desired to be obtained.

STANDARD VARITRANS

Standard Varitrans are designed for 115 or 230 volt service.
The respeactive output voltages are 0-130 and 0-260 volts.

Type 1nput Voltage Output Voltage Watts Maximum Amps. Figure Net Price

V-0 115 volts 0-130 230 2 A $10.10

v-0-8 230 volts 0-260 230 1 A 12,45

v-1 115 volts 0-130 570 5 8 14.23

V-1-M 115 volts 0-130 570 5 C 23.80

v-2 115 volts 0-130 570 5 A 11.90 §
vV.2-8 230 volts 0-260 570 ¥ A 14.85 1
v.3 115 volts 0-130 850 7.5 A 17.85 !
v-3-8 230 volts 0-260 850 3.75 A 23.80 |
v-4 115 volts 0-130 1,250 11 A 26.15 l
vV-4A8 230 volts 0-260 1,250 5.5 A 33.30 |

UNIVERSAL VARITRANS

Universal Varitrans have two 110 volt Primary windings (110 or 220V connection) and a 28 |
volt variable secondary winding. This winding can be used as a 0-28 volt low voltage source.

It can also be used in autotransformer connection with the primaries to effect . . . 115 in/87

to 143 out, 220 in/192 to 248 out, 220 in/82 to 138 out, 115 in/202 to 258 out.

Max. Amps. Approx. Approx.
Type Output Dimensions Weight, Lbs. Figure Net Price !
viL-O 1.5 4/1%6Y2x2Yy 5 A $ 8.30
vi-1 3.5 436" x3 7 A 9.50 !
vi-2 [} 4Y2x6Y1 x4 10 A 11.90 \
viL-3 " 5x7xd 15 A 19 00
PRICES ARE SUBIECT TO CHANGE
L4
@
130 VARICK STREETY [ NEW YORK 13, N. Y.

EXPORT DIVISION: 13 EAST 40th STREEY, NEW YORK 16, N. V., CABLES: “ARLAR"
www americanradiohistorv com
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RELATIVE AMPLITUDE OF CARRIER AND SIDEBANDS

4

+20F +16F +I12F +8F <+4F

O -4&F -BF -I2F -16F -20F

CARRIER

Figure 1

Relative amplitudes of an f-m wave carrier and sidcbands when an audio frequency F is used, and
the ratio of frequency deviation to the audio frequency is only 15. It will be noged that even at
this small value the carrier is extremely small.

AN F-M TRANSMITTER employing the
direct f-m method has to have, as a
primary source of oscillations, an oscil-
lator circuit capable of modulation.
However, to abide with the FCC rul-
ings the center frequency of the oscil-
lator has to be stabilized. The output
center frequency must be held within
+ 2,000 cycles of the assigned fre-
quency. This does appear puzzling at
first glance inasmuch as it is well
known that in order to have a stable
oscillator high-Q circuits should be
employed, but if high-Q circuits are
used in this case the oscillator will be
incapable of proper modulation. In the

RELATIVE AMPLITUDE OF CARRIER AND SIDEBANDS

.l ll

+8F +4F 0 -4F -BF
CARRIER

case of amplitude modulation the
high-Q circuit consists of a crystal
which, as previously stated, is not use-
able as a primary source of direct f-m
oscillations.

The logical solution is to employ
some method of automatic-frequency
control. The frequency however is
continuously varying and it is neces-
sary to pick out the center frequency
for comparison. Let us suppose now
that the center frequency can be filtered
out by means of a narrow band filter,
inasmuch as it was shown previously'
that an f-m signal consists of a center
frequency and sidebands. It was shown,

Figure 2

Relative amplitudes of an f-m wave carrier and

sidebands when an audio frequency F is used,

and the ratio of frequency deviation to the audio

frequency has been reduced to .2. The amplitude

of the carrier is now adequate for use in en
afe circuit.

Figure 3

A frequency discriminator circuit which is tuned

to the mid r-f frequency. The polarity and

amplitude of the d-c output voltage is depend-

ent on the deviation of the input frequency from
this mid r-f frequeney.
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DIRECT

too, that the amplitude of the carrier
was equal to the Bessel function of the
first kind, of order zero, of the fre-
quency deviation over the modulating
frequency. Thus no carrier will exist
at the point where this ratio is equal

" to 2.40 and other zero points and it will

be very small in the neighborhood of
those values. With no carrier input
to the filter there will be no frequency
available for control purposes. For
instance, even at the low value of ratio
of frequency deviation to audio fre-
quency equal to 15, the carrier ampli-
tude falls to .014 of the peak amplitude
as shown, Figure 1. An audio fre-
quency of F is used with a frequency

af
deviation of A f where — is equal to 15.

Actually for an audio frequency of 30
cycles and a deviation of 75 kc this
ratio goes up to 2,500, the carrier be-
coming of course extremely small. If
the deviation should be reduced to a
much smaller value, for instance a ratio

Af
of — equal to .2, the amplitude of the
F -

carrier will increase tremendously,
Figure 2. In this case most of the
energy is in the carrier whereas in the
other case most of it was in the side-
bands.?

The first important point then is to
obtain a signal with the smallest devia-
tion possible. At the oscillator itself,
which in many cases operates at about
5 mc, the frequency deviation ratio is
usually under 200 for all modulating
frequencies. Using a portion of this
signal for control purposes the devia-
tion may be reduced to any desired
value with the use of frequency-divider
circuits. Thus both the frequency and
the deviation are reduced in the same
ratio. To reduce a frequency deviation
ratio of 200 to .2 it would be necessary
to divide the frequency by 1,000. This
would result in a final frequency of

INPUT (RF )

vy €

o el o e
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F-M Frequency-Control Methods

about 5,000 cycles for use in the fre-
quency regulating circuit.

Discriminator Control

One type of circuit that can be used
for automatic frequency control _ is
shown in Figure 3. This is the stand!
ard discriminator - circuit® - which  is
often used as an f-m detector in re-
ceiver circuits. A d-c voltage is ob-
tained at the output which is dependent
on the frequency of the input signal.
L,, C.-and L., C, are tuned to the mid
frequency of the r-f signal. C; is a
coupling capacitor which adds the volt-
age across L,, C, to half the voltage
induced in L, opposite halves being
used for each diode. As the frequency
varies, the amplitudes of the signals
introduced across the two diodes varies,
giving rise to a voltage which is pro-
portional to the frequency deviation.
If a circuit like this were to be used fog
the frequency regulation of a direct f-m
transmitter the circuits would have to
be extremely stable. This has not
proved practical in the ordinary broad-
cast transmitter.

The other method of discriminatof
control is to employ a crystal oscillator
and compare the frequency with that
of the mid frequency of the modulated
oscillator. However in this case it is
actually a phase comparison that is
used and the circuit is referred to as a
phase discriminator, Figure 4. One
signal i1s applied at input 4 and the
other at input B. In a transmitter cir-
cuit one would be a signal obtained
from a crystal-oscillator source and the
other would be the signal obtained
from the f-m modulated oscillator after
sufficient frequency division has been
applied. It will be noted that the volt-
age from input A is applied in push-
pull to the two diodes, while the volt-
age from input B is applied in parallel
to the two diodes. At one instant of
time if the two voltages add at diode [

Figure 4

Circuit of a phase discriminator where the out-
put voltage is dependent on the phase between
the two input voltages at 4 and at B.
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Methods Employed to Stabilize the Center Frequency of
an F-M Transmitter Which Uses a Direct System of F-M
Modulation Are Described in This, Part Seven of a Series
of Papers on F-M Transmitter Design and Operation. Basic
Circuits for Each of the Methods Discussed Are Presented

and Analyzed.

by N. MARCHAND-

Consulting Engineer
Lowenherz Development Company

they will subtract at diode //. The out-
put from diode / appears as a d-c volt-
age across R,, while the output from
diode II appears across R. as a d-c
voltage, The resistors are so con-
nected that the difference between the
two voltages is taken as the output.
In other words the difference in the
amplitudes of the voltages applied to
diodes I and II appears as a d-c volt-
age across the output.

To analyze the operation of this type
circuit, let us study phasor diagrams,
as we have in Figure 5. Here the input
B is applied through an untuned trans-
former to points d and o, and is shown
as Vg, Inasmuch as V. is in the com-
mon cathode circuit of both diodes, it
is applied to both diodes [ and I/ in
parallel. Input A, on the other hand,
is applied to a center tapped trans-
former, half of whose output voltage
is applied to diode I and the other half
to diode I1. Calling the voltages V.
and V,, it can be seen that at any in-
stant of time V,, is the negative of V.
This is indicated by the polarity signs
in Figure 4 and is so drawn in Figure
5. Tracing the circuit for each of the
diodes, the voltage applied to diode [
is equal to the phasor sum of Vg, plus
Vo.. Similarly the voltage applied to
diode II is equal to the phasor sum of
Vdo and Voh.

In Figure 5 appears the resultant
voltages which are applied to the
diodes when Vg4, is 90° out of phase
with V,,. These voltages are labeled

*[astructor in Graduate Electrjcal .En-
gineering cowrses, Columbia University.

Federal Telephone and Radio Corp.

V,: and V... It will be noted that for
this condition the two resultant volt-
ages are equal in magnitude. This
means that after they are detected the
two voltages appearing across R, and
R. will be equal and opposite so that
the output voltage across f-g will be
zero. It is interesting to note that this
will be true even though the relative
amplitudes of V4 and V.. should vary.

Let us suppose now that the fre-
quency of V,, should decrease slightly.
The difference in frequency will cause
the phase angle between V,, and V.,
to decrease, The effect of this decrease
is shown in Figure 6. V, has increased
and V,, has decreased. The voltage
across f-g in Figure 4 will now assume
a positive value which can be applied
to the modulated oscillator to correct
the drift. Similarly if the frequency
of Vg4, should increase, the angle be-
tween V,, and V,. would increase re-
sulting in an increase in the magnitude
of V,, and a decrease in the magnitude

(Continued on page 32)

Figure S

Phasor diagram of the operation of the phase

discriminator shown in Figure 4. Since V, is

equal to V,, in amplitude in this case, the out-
put of the discriminator is zero.
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What goes on beyond 8000
cycles? Do you know...or do
you “suppose” and “hope’”?
Nomore of that! Nowyoucan
monitor your full FM range,
clear through 15,000 cycles.
The Altec Lansing Duplex is
available for immediate de-
livery. See your dealer, or
write to us.

the altec lansing model 604
duplex loudspeaker system

Both high and low frequency units
are combined in one horn, repro-
ducing the entire FM range, from
50 to 15,000 cycles, without inter-
modulation effects or distortion.
In actual performance the Altec
Lansing Loudspeaker System de-
livers up to 5009 greater effici-
ency in monitoring; radio, public
address and recording.

ALTEC

LANSING CORPORATION

1161 N, Vine St., Hollywood, Cal.
250 W. 57th St., N, Y. 19, NY

SEEP ADVANCING WITH ALTEC LANSING**

of V,. This will result in a negative
voltage appearing across f-g which can
also be used to correct the drift.

Calling the angle between Vg, and
V., 0, the resultant difference in am-
plitudes Vy is

sz\/( ‘,dn Sin e).+ (Vol + Vdo cos e):
-V (V4 sin®)2 4 (V,, -V, cos0)*

(1)
allowing both V,, and V.. to equal V.
V=2V (cos 20 ~sin 5 0) (3]

A curve of equation (2) is shown in
Figure 7. The control voltage avail-
able at the output is practically linear
between 0° and 180° but control is lost
bevond those points. However the
phase only varies beyond that point if
a voltage of 2V is insufficient to pull
the oscillator back to the mid frequency
desired. The capacitors C, and C,
should provide enough filtering action
to prevent degeneration of the modula-
tion being put on the wave.

| Motor Control

| The use of a bias control on the re-

actance tube or similar device in an
if—m modulator necessarily limits the
excursion of the frequency caused by
the audio voltage; allowance has to be
made for the variation in bias by the
control source. In other words enough
linearity of the modulating source has
to be allowed above and below the
audio voltage excursion to permit the
control source to shift the bias and
correct any deviation of the center fre-
quency. By the use of a motor control
this can be eliminated. Instead of
varying the bias on a reactance device
the motor control actually varies a
capacitor in the oscillator circuit and
corrects the center frequency in that
manner.’

In Figure 8 appears a block diagram

DIRECT F-M

(Continued from page 3T)

Figure 6

A phasor diagram showing how V, increases and
V,, decreases when the phase angle between
Vdo and Vou is decreased.

Figure 7
A curve of equation (2) showing the difference
in amplitude between V; and V,,. It will he
noted that control is lost at 6 = 0° and 180°,

AMPLITUDE
- oF vq

R0 140 60 v&o 280
6

illustrating the method of obtaining a
controlling voltage for the motor by
comparing two frequencies, one at in-
put 4 and the other at input B. In a
normal transmitter circuit input A4
would be from a crystal oscillator and
input B from the modulated oscillator
which is to be controlled. Let us suppose
the voltage at input A4 be A cos wt.
It is split into two parts, one of which
is applied directly to a balanced modu-
lator, 1, and the other part is shifted
90°. This voltage A cos (wt 4+ 90°)
is applied to balanced modulator 2, as
shown. The voltage input at B, B
cos o, f, is applied directly to both
balanced modulators.

The process of modulation usually

Figure 8

Block diagram of a method of obtaining a rotary field for a twe-phase motor used for control purposes
by comparing two frequencies, one at input 4 and the other at input B,

TWO COILS IN 30° SPACE

Acos (wW1) BALANCED
MODU%ATOR FHACE

(2 PHASE MOTOR)

Acos (w14 90°)

90°
INPUT A PHASE

Acos (wt) SHIFTER

BALANCED
MODULATOR |

2

INPUT B
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T " ARD D Since 1938 Raytheon has pioneered in the

design, development and production of
small, low drain, long life tubes. These have
helped to make possible the modern ex-

SUB-MINIATURE

NOW FOR RADIO RECEIVERS —Now

Raytheon announces a kit of flat style, sub-
T u B E s miniature tubes for radio receiver applica-
tions. Included are a shielded RF-pentode
amplifier, a triode-heptode converter, a

4 diode-pentode detector-amplifier and
for Pocket Receivers T T
MUCH SMALLER RADIOS POSSIBLE—

These tubes make it possible to construct
radios a fraction the size of conventional
“personals,” with sensitivity rivaling much
larger sets. The tube size is approximately !
1 9/16” long and 0.3” by 0.4” in cross

section.

SPACE SAVING SOCKETS AVAILABLE—

Each tube is available either with long
flexible leads for wiring directly into the
; circuit or with terminal pins for use with
L .
AAYTHEON small sockets as illustrated. These sockets
j2G2e! RAYTHEON are available from principal socket .
; j ; manufacturers.

All progressive radio manufacturers antici-
pate the tremendous possibilities inherent
in the small pocket receiver built around
Raytheon standard sub-minature tubes.

Call on Raytheon for every electronic tube
need—Ilarge or small—for excellence in tube
engineering, production and performance.

2E31¢ | 2G21¢ | 2E41¢ | 2E35¢
2€324 2G224 2E42y 2E364

| Shielded RF Triode- Diode- Output
Pentode l Heptode | Pentode | Pentode

Filoment Voltage

Filament Current

Max. Grid-Plate Capacitance 0.018 vuf
Plate Voltage** 225V
Screen Voltage 22.5V
Cantrol Grid Voltage® 0

Osc. Plate Voltage - ;
Plate Current 0.35 ma 1 L ¥ ! y
Screen Current 0.3 ma ) ; X éowm ) gmm

Osc. Plate Current - a

0 0 umhos (G 400 umh 3—55 b
lare Risbinie A e I 025mea | 022meg RAYTHEON MANUFACTURING COMPANY
______ . ; RADIO RECEIVING TUBE DIVISION
*With 5 megohm grid reslstance connected to F—. { Flexible lead Types. NEWTON, MASS.c CHICAGQ - LOS ANGELES

**Higher voltage operation is possible as shown #Plug.in Types.
on engineering characteristics sheet ovailoble by ##Approximate conversion Rp.
request. 1Signal grid to mixer plote Capacitance.
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PHASE
SHIFT CIRCUIT
-

2 PHASE
MOTOR

INPUT A

o—

INPUT ?__-J

Figure 9

Stabilizing circuit for use with motor control of a variable capacitor in the oscillator circuit.

involves all of the frequencies obtained
by taking the product of the two fre-
quencies plus, of course, the original
frequencies. Those frequencies which
are not desired are eliminated by means
of a selective filter. However, in a
balanced modulator the carrier fre-
quency is not present in the output.
Even though the two {requencies in-
volved in this case are very close to-
gether it can still be treated as an
ordinary modulation case. Assuming
now that low-pass filters, which are
usually the output coils themselves, are
emploved, only the lower sidebands
will be obtained. For clarification this
sideband can be considered the beat
frequency between the two input fre-
quencies. Calling the output voltage
from modulator 1, V,, and the output
voltage from modulator 2, V,, we have

Figure 10

V.=Vcos (w-w)t

3
Ve.="Vcos [(v-w) ¢t +90°]

It will be noted that the two outputs
are 90° out of phase. If they are now
impressed on two coils, which are at
90° space phase (placed at right angles
to one another), a rotating field will
result. It will rotate at a speed equal
to the difference between the two fre-
quencies. By inserting an armature,
we obtain a two-phase motor. This is
actually used in the application of this
system. The armature of the motor is
connected to a variable capacitor which
is in the oscillator circuit. As the mo-
tor turns it varies the frequency of the
oscillator until the difference frequency
is zero. When the difference frequency
is zero the lower sideband or beat fre-
quency will also go to zero so that the

Block diagram of mixer circuits showing the phasor diagram and
the two voltage outputs (B), when the signal frequency is higher
than the crystal frequency and (C) when it is lower.

SIGNAL FREQUENCY(Fy)
REFERENCE FREQUENCY (Fy)

- Y

FREQUENC

(Fyl
Y

QUTPUT MIXER A

OUTPUT MIXER B
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motor rotation will stop at that point.
As seen from (3) if w, is larger than
w, V, will lag V, and the direction of
rotation of the motor will reverse, tend-
ing to correct for that condition also.

In Figure 9 appears a circuit which
can be employed with a motor control
of the oscillator frequency. In this
case instead of keeping the phase of
one of the inputs from input 4 con-
stant and shifting the other input 90°,
one of the inputs is shifted plus 45°
and the other is shifted minus 45° with
resistor-capacitor networks. The net
result, of course, is the same.

Integrated Pulse Control?

The foregoing systems of regulation
depend on maintaining the correct cen-
ter frequency of the modulated oscil-
lator. Other systems of frequency con-
trol have also been suggested. One of
these would correct to a point where
the total time that the frequency was
above the assigned frequency would be
equal to the total time that it was be-
low. If the modulation was a pure sine
wave, such a system would correct to
the assigned frequency. With unsym-
metrical modulation, however, some of
the sidebands would often spill over
into the adjacent channel. Another
system proposed would provide adjust-
ment of the frequency so that the maxi-
mum excursion above the assigned fre-
quency would be equal to the maximum
excursion below the assigned fre-
quency. Such a system would keep the
sidebands within the assigned spectrum
under steady state conditions, even
though the wave form of the modula-
tion was not symmetrical. Under tran-
sient conditions, where one non-sym-
metrical waveform quickly follows an-

‘Westinghouse Electric Corp.

T

VOLTAGE AT POINT C

T POINT O

L

OUTPUT M1
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VOLTAGE AT POINT €

Forfy fycfy

Figure 11

A direct-coupled multivibrator driven from the

output of mixer A in Figure 10. The square-

wave output is differentiated to yield a series
of pulses.
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Figure 12

The resultant voltages obtained when the pulgaes obtained from
the multivibrator of Figure 11 are mixed with the output of
mixer B of Figure 10,

other, considerable spilling over would
occur if the correction were not rapid
enough. .

Another method of correction is
based on the area enclosed on each side
of the assigned frequency. If a crystal
oscillator is built to operate on the as-
signed center frequency and mixed
with the output of the modulated oscil-
lator into a non-linear impedance, we’ll
have a beat note which has an instan-
taneous frequency equal to the instan-
taneous excursion of the modulated
signal. The total number of cycles of
beat note produced while the oscillator
is on one side of the assigned frequency
will be exactly proportional to the area
enclosed by that part of the curve.
Therefore, if the total number of cycles
produced while the oscillator is on the
high side of the assigned frequency is
equal to the total number of cycles pro-
duced while the oscillator is low in fre-
quency, the transmitter would be oper-
ating at the correct mid-frequency.

The integrated pulse system operates
on this latter fact. Each cycle of beat
frequency between the modulated oscil-
lator frequency and the reference fre-
quency is used to generate a pulse.
The pulses are separated into two cir-
cuits, one receiving the pulses when
the oscillator frequency is high and the
other when the oscillator frequency is
low. A pulse counter circuit is so
arranged that when a pulse appears on
one of these circuits a definite charge is
transferred from a point of fixed poten-
tial to a storage capacitor. When the
pulse appears on the other circuit the
same charge is removed from the
capacitor. The voltage across the
capacitor will be proportional to the
difference in the number of pulses ap-
pearing in each circuit and will be zero
when the number of pulses are equal.

Referring now to Figure 10(4), the
signal from the modulated oscillator is
designated by F,, and the crystal oscil-

Fy>Fy

VOLTAGE AT POINT F

|

NEGATIVE
——l AN AN
OUTPUT = 8ias

MIXER B

|

VOLTAGE AT POINY G

(a)

lator frequency by Fn. The crystal
frequency input is fed through two
phase shifting circuits, one shifting
part of it +45° and the other —45°.
Mixers 4 and B are used to mix the
two resultant voltages with the signal
frequency. Figure 10(B) shows the
relative output of the two mixers when
the frequency of the modulated oscil-
lator is higher than that of the crystal.
The output of mixer 4 lags the output
of mixer B by 90°. In (C) the signal
frequency is lower than that of the
crystal oscillator and consequently the
output of mixer B lags the output of
mixer A4.

The output of mixer A4 is fed into a
direct-coupled multivibrator whose out-
put is differentiated off both plates to
yield two series of pulses, as shown in
Figure 11. In Figure 12, (4) and
(B), appears the result when these
pulses are superiniposed on the output
of mixer B. It will be noticed that
when the pulses appearing at point D
are superimposed on the output of
mixer B, the pulses subtract from the
sine wave, if the signal frequency is
higher than the reference frequency,
and add if the signal frequency 1is
lower. In the case of pulses appearing
at E, the pulses add to the sine wave
if the signal is higher in frequency and

Figure 13

'I:wo pulse counters arranged back to back to
give a voltage output at P which is determined
bv the difference in the number of pulses.

VOLTAGE AT POINT M

11

Fy>Fq Fo<Fy
VOLTAGE AT POINT J4
(B) (C) (D)

subtract if it is lower. The two signals
appearing at F and G are passed
through biased diodes that act as pulse
discriminators. Thus only those pulses
which add to the sine wave are passed,
and the pulses are separated into the
two proper groups.

Figure 13 shows two pulse counters
arranged back to back so that the re-
sultant voltage output across the capac-
itor at P is determined by the differ-
ence in the number of pulses in each
circuit. If the average frequency of
the modulated oscillator is different
from the reference frequency, the
charge on the storage capacitor is
changed in the direction required to
overcome that difference. This differ-
ence voltage is used to correct the cen-
ter frequency of the modulated oscil-
lator.
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SLOTTED TUBULAR ANTENNA
for 88 to 108 mc

<= T mteassyvenansouenadoir
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Hollow Metal-Cylinder Slotted-Type Antenna, Rocket-
Like in Appearance, Designed for Horizontal Polarization

at V-H-F. Uses Coaxial Feed Line

Figure 1

Illustrations, showing construction of tubular
antenna, standing wave patterns and voltage
distribution characteristics. In (a) appear
curves of voltage along a standard dual line;
(b) shows a line loaded with inductance;
(c) shows line loaded by means of tubular
sheet connecting both lines, with resultant
standing waves; (d) and (e) illustrate volt-
age distribution and equivalent circuit of
slotted tube, indicating that it is similar to
a stack of loop antennas,

by CHARLES R. JONES

Engineer
Finch Telecommunications, Inc.

A METAL CYLINDER-TYPE V-H-F an-

tenna, with a metal bottom and open

top, recently developed by Dr. An-

Figure 3 drew Alford' of the Radio Research ,l

Horizontal radiation pattern, platted in mil!ivolu per meter. Patterne 2 and 3 show effect of Laboratory at Cambridge, Mass., is

supporting round metal. now being effectively used by WGHF

for f-m and facsimile transmissions on
88 to 108 mc.

The antenna is cut longitudinally so
that there is a straight narrow slot .
extending the full length of the cylin- l‘
der from the bottom plate to the top.
To exclude weather, the open top is
covered with a molded fibre-glass
dome, and the slot is closed by a fibre-
glass strip.

A coaxial feeder is brought into the
clinder through the bottom plate and
is continued along one side of the slot
to the top of the antenna where it is

IIRE Report, p. 22, COMMUNICATIONS;
February, 1946.

Figure 2
Vertical radiation pat-
tern in comparison
with the ideal; pattern
3 is the ideal, x's in-
dicating points actu-

ally plotted.

1-138° DISTRIB. | A
2-135° DISTRIB LI A
3-I1DEAL (¥

1
4- ACTUAL [N}
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POWER GAIN

Figure 4

Vertical antenna pattern of a dual tubular

30

s 2.5

antenna at right with

open ends joined as shown at left.

terminated with an end-seal insulator.
The outer conductor is metallically
connected to the cylinder at the end
seal and at several equally-spaced
points: The inner conductor is brought
out through the end seal and is con-
nected to the opposite edge of the
slot. The potential between the inner
and outer conductors is thus applied
between the opposite edges of the slot,
Figure 1d.

The potential difference across the
slot is distributed as is indicated by
6 in d of Figure 1. This difference of
potential produces a flow of circum-
ferential currents around the cylinder.
These circumferential currents, being
very nearly in phase throughout the
length of the cylinder, radiate a field
which is similar to that which would
he radiated by an array of a large

Figure 7 (right)
Interior of the slotted antenna is

Figure 6

Installation data for slot antennas.

SECTIONS SINGLE OVAL
16§ 163
10%° 21"

s’ [N

20 § 38°
164 27
g

re
| 104 15§
454 908

[BENDING MOMENT M| 4653.6 | 14074
POLE DIAMETER | &™-18” T3
WEIGHT | 360 550
POWER GAIN 1.6 2.5
[FiELD GaIN 1.27 | 1.58
FREQUENCY BAND [88-108 MC|88-108 MC

shown at (a);
(b) shows completed antenna; (c), antenna installed.

number of small loops stacked one
above another, Figure le.

Potential distribution dictates the di-
ameter of the cylinder, distribution
being obtained with the overall length
of the cylinder equal to approximately
one wavelength at the operating fre-
quency. The voltage distribution is
not sinusoidal, as it is along cylinders
of large diameters, but comes closer
to the ideal uniform distribution.

With a cylinder of this length we

obtain a vertical radiation pattern
shown in Figure 2. Horizontal radia-
tion pattern appears in Figure 3

(plotted in millivolts per meter).
Since the horizontal pattern is not
perfectly circular the comparison be-
tween the gain of this type of antenna
and a standard half-wave antenna is
made on the basis of the equivalent

POWER GAIN = 4.88

Figure 5

Double rocket arrangement energized in the same plane. Vertical

pattern at right.

circular pattern. This equivalent pat-
tern has a radius equal to 1/1.24 of
the maximum of the actual pattern.
On this basis the power gain of the
antenna is 1.6. The power gain in
the direction of maximum radiation is
1.6 X (1.24)* = 2.46. The power gain
in the direction 180° from maximum
is 1.6/(1.07)*=139. In the direc-
tion of the minima the power gain is
1.6/(1.2)* = 1.11.  When calculated
according to the FCC Standards of
Good Engineering Practice, the varia-
tions from the circular almost dis-
appear, and the patterns appear to be
circular.

The effects of the supporting round-
nietal mast may be seen in patterns
2 and 3 of Figure 3. There is a critical
mast diameter beyond which the dis-

(Continued on page 38)
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MOLDED-IN-BAKELITE

Mica

Capacitors

A real choice of several tiny
“postage-stamp” micas for
use in typical receiving cir-
cuits.

°
High-voltage bakelite capaci-
tors — even up to 10,000 v.
D.C. test — for heavy-duty
applications.

°
Silvered mica capacitors in
standard plus/minus 5%, tol-
erance for critical applica-
tions.

s

Ask Our Jobber . ..

He carries a stock of Aerovox mica
capacitors for your convenience.
Ask for the types you need. Ask
for the new postwar catalog —or
write us direct.

AEROVOX CORP.,,NEW BEDFORD,MASS., U.S.A.
Export: 13 E. 40th St., NewYork16, N.Y. ¢ Cable: ‘ARLAB’
in Canada: AEROYOX CANADA LTD., Hamilton, Oat.

38 o

TRANSMISSION LINES .

(Continued from page 26) 1

8. The stub added across the load
must make the total terminating ad-
mittance fall on circle A, so we drop
vertically to the circle at point C. This |
is a change of -2 (from +1 to -1),
so our stub must give a susceptance
of —2. Plotting this along the y-axis
we get point D, giving an angular
length of 26.5°. Hence

26.5
l,=—3 = .368 meter
360

for a closed stub. To find I, we follow
the solid circle through C (again ob-
tained by interpolation) an angular
distance of 135°, which corresponds to
our spacing of 3/8), giving point E
on the vertical line through the point
(1, 0). The ordinate of E is 1.05 so
we need a susceptance of — 1.05 to bal-
ance it. Plotting this on the v-axis,
as before, we get point F, and hence
from the angle circle through this
point we get B/, as 44°. This gives I.|
as .367 meter. |

|

It is obvious that all terminating
impedances will not give points such
that an added susceptance will locate
a point on our 3/8 X circle, A. These
loads cannot be matched with this
spacing of stubs, but other circles for
other spacings may be drawn by using
equations (19). The solution is then
similar to the one presented here.

SLOTTED ANTENNA

(Continued on page 37)

tortion of the horizontal pattern in-
creases rapidly. At 100 mc, this di-
ameter is around 22”, with a recom-
mended diameter of 16”.

The impedance of the antenna at the
feed point is around 165 ohms with
a negative reactive component. This
impedance is transformed to the im-
pedance of a standard 70-ohm or 51.5-
ohm concentric transmission line by
a line transformer incorporated into
the feeder within the antenna. The
voltage standing wave ratio along the
70-ohm feeder is to be held below 1.15.

Other Antenna Setups

Two antennas of this type can be
used together and built as a unit, with
their open ends joined. A single con-
centric feeder entering the bottom and
connected to the mid-point (corre-
sponding to two open ends) serves the
entire antenna. A metal cune seals the

@ 11927 W. Pico, Los Angeles 34, Calif. @

MAKE FREQUENCY RESPONSE

CHECKS INSTANTANEOUSLY

lavaluable for Broadcast and
F. M. Scations, Laboratories pro.
duction testing, and Motion Pic-
ture Sound Equipment.

SEE A COMPLETE PICTURE of the
response characteristics for all types
of Audio systems, amplifiers, and
accessory equipment with the new
Sweep Frequency Transcription on
10” and 16" Vinylite. Make adjust-
ments in system Or components
quickly. Reveals all types of dis-
tortion and transient phenomena —
frequency range 60 to 10,000 CPS.
Write for free technical data
sheet #104.

LARKSTAN

®
-
w
Y
&
°
°
°
v
-
o
°
CORP. L]
@

top. The vertical pattern of such an
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PERMANENT

MAGNETS

ALLOYS:
Cobalt - Chrome « Alnico

The making of permanent magnets Is
an alloy, too . . . of experience, engl-
neering, facilities. We'll be glad to
tell you more. Write for bulletin.

THOMAS & SKINNER STEEL PRODUCTS CO.
1113 E. 23rd St., Indianapolis 5, Ind.

Thomas &

Skinner
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antenna is shown in Figure 4. The
horizontal pattern is the same as for
the single unit. The double unit has
a power gain of 2.5 on the basis of
the equivalent circular pattern. The
power gain in the direction of maxi-
mum is 3.85; power gain in the di-
rection 180° from the maximum is
2.18, and in the direction of the min-
ima, 1.70.

The impedance of the antenna at the
feed point is about 100 ohms with a
niegative reactive component. It is
transformed to the impedance of a
standard line in the same manner as
is used in the single unit antenna.

In another arrangement an array
was used. This consisted of two
double rocket antennas, mounted one
above the other and counected so that
they are energized in the same phase.
For connection convenience the lower
antenna was turned upside down so
that the feeders after making 90° turns
could be brought together in a special
four-way junction fitting.

The double rocket array has a
power gain of 4.88 on the basis of
the equivalent circular pattern. The
power gain in the direction of the
maximum is 7.5; power gain in the
direction 180° from the maximum is
412, and in the direction of minima,
3.33.

The transmission lines of this array
of antennas were joined at a special
three way 90° junction box, from
which a third line was connected to a
siinilar junction box at the top end
of the main transmission line. The
third line on this second junction box
was a short circuited stub. A short
section of the main feeder below the
junction box contained a line trans-
former matching the impedances of
the main line and the antenna array.
This transformer had to be adjusted
so that the voltage standing wave
ratio on the main line feeder was be-
low 1.15. Transformers can be fur-
nished to match either 138” or 238"
line.

FTR INSTRUMENT PRODUCTION LINE

Field intensity meters covering the 200 to 400

ke, 530 to 1600 kc, 1600 to 3600 and 3600 to

7000 kc range, now in production at Federal
Telephone & Radio Corporation.

If You Cut Records
You Need This
in the new recording

\ DIAMET R EQUALlZER studio at Radio Cen-

T =i ki g, fer,dOOOSunsefBlvd

Cinema Diameter
Equalizer installation

Avutomatic Equalization at
ANY Cutting Head Position

Type No. 3991

Simplified—light—adaptable to all types of disc cutting lathes, this new
member of the Cinema Variaten equalizer line can be installed without
making any mechanical alterations of recording lathe.

As groove speed decreases, this Variaten unit automatically equalizes the
high frequencies over a pre-determined curve. The unit gives an 8 db
rise at 5" diameter, decreasing to zero db at 12 diameter at 10,000 cycles.
Insertion loss is 10 db.

A spring return regulates the equalizer setting, and is cord-connected to
the moving bed or cutting head carriage of the recording lathe. Tension is
adjusted to impose a very light drag on the lead screw mechanism.

Built for long wear from standard Cinema components, this unit can be
expected to deliver many

years of dependable, preci-

sion equalization. It is eas +aVARIA'I'EN DIAMETER EQUALIZER TYPE 3991
9 ] y +7 — e

to install by bracket mounting b =

to any flat surface. It is avail- | o 7 w4

able now in limited quantities. b - —

Place your order today to in- A

sure early delivery. e L " e 5

Write for descriptive literature  lummmm

showing installation methods. SPECIFICATIONS

REPRESENTATIVES Equalization: From 8 db at 5 diameter to 0 db
g at 12" diameter—10,000 cycles.
TURNEY AND BEALE Impedance: 500 ohms.

40.08 Corp. Kennedy St. Insertion loss: 10 db.
Bayside, Long Island, N. Y. Mounting: Bracket adaptable to any flat surface.

WRIGHT ENGINEERING CO. Flexible cord connection to cutter carriage.

Dimensions: 335’ Diameter
4241 Melbourne St.

33" High
Indianapolis, Indiana 2'%" Bracket Extension

CINEMA

RIATEN ENGINEERING COMPANY

ESTABLISHED, 1935
1510 W. VERDUGO AVE., BURBANK, CALIFORNIA
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% Clarostat Series MT tube-type resistors
remain the ideal voltage-dropping means in
AC.DC receivers and other compact elec-
tronic assemblies, Handy. Compact. Inex-
pensive. Identical in size, shape, appear-
ance and mounting to the 25Z6 and 25A6
metal radio tubes. Also serviced out in the
field with Clarostat replacements.
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* Write for DATA . . .

CLAROSTAT MFG. CO., Inc. - 285-7 N.6u St., Brooklyn, N ¥,
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NEWS BRIEFS

MBS COMPILES STATION ATLAS
A 160-map atlas covering assignments of United
States, Mexican, Canadian and Cuban standard
broadcast stations, together with their power,
hours of operation, and the shape of antenna
pattern which they use, has been compiled by
the engineering department of MBS.

Pages are 11°'x17”, 0

Standard FCC abbreviations are used to indi-
cate power and hours of operation. The direc-
tional antenna patterns—some one t.housa.nd—
have been pantographed from the original direc-
tional patterns on file with the FCC.

Atlas is available for $25 a copy from the
Mutual Broadcasting System, 1440 Broadway,
New York City.

*® »

BUREAU OF STANDARDS LAB
BEGINS PROPAGATION SERVICE

The Interservice Radio Propagation Laboratory
was recently absorbed by the Central Radio
Propagation Laboratory of the National Bureau
of Standards to centralize and coordinate basic
research and prediction service in the field of
radio wave propagation.

Data compiled by the ILab will appear in
“Basic Radio Propagation Predictions” which
will be available from the Superintendent of
Documents at 15 cents a copy.

Information in each issue will permit calcula-
tion of the best sky-wave operating frequencies
over any path at any time of day for average
conditions for the month of prediction. Pre-
dictions are issued three months in advance.

Each issue will also contain charts of extraor-
dinary-wave critical frequency for the F2 layer
and charts of maximum usable frequency under
average conditions for a transmission distance
of 4,000 km. These charts are provided for
each of the three zones into which the world
is divided for the purpose of takjng into con-
sideration the variation of the characteristics
of the F2 layer with longitude. There will be
a chart of maximum usable frequency for
E-layer transmission over a path length of
2,000 km, and charts showing the highest fre.
quency of Ssporadic-E reflections as well as
percentage of time occurrence for sporadic-E in
excess of 15 mc. In addition issues will contain
various maps, charts, diagrams and nomograms
needed to make practical application of the
world-contour charts, together with examples
of their use.

. s @

MAYER NOW V-P OF ST. LOUIS
MICROPHONE CoO.

Rollin H. Mayer has been elected vice presi-
dent and general manager of. the newly organ-
ized St. Louis Microphone Co., 2726.28 Brent-
wood Blvd., St. Louis, Mo. '
. M. Bennett has been named chief engineer.
The company will produce dynamics, aircraft
noise-cancelling dynamics, noisc-cancelling dif-
ferentials, cardioids, etc.

FARNSWQRTH RADIO CENTER NEAR
COMPLETION IN FORT WAYNE

The Farnsworth radio center, designéd to pro-
vide Northeastern Indiana with television, f-m
and a-m broadcasting services, from newly
built central studios in downtown Fort Wayne,
is now nearing completion, according to E. -A.
Nichols, Farnsworth president,

® % » a

GERMAN WAR DEVELOPMENT
REPORTS

A German war-development report recently
issued by the office of the Publication Board,

Department of Commerce, described a simple |

recording system developed by the Germans for
registering the performance of radio transmit-
ters in terms of frequency, strength of signals,
and time on the air.

The recorder consists of an optical system, a
photosensitized film, and a light source. A

e S i " CATALOG R-46

YERTICAL RADIATORS
HORIZONTAL ELEMINTS
MOUNTINGS AND IMSULATGRS ©

) Fou Ao Pudite Pryue ey

B oo Commortiad brstotialmmn

Just Off the Press!

Send at once to your jobber for a copy
of the NEW Premax Catalog. It shows the
complete line of Vertical Antennas in Steel,
Aluminum, Monel and Stainless, as well as
Corulite Elements and other elements for
arrays. If your jobber can't supply you,
write direct, giving us his name.

/'?"emax ffJ‘OD/UClS

Divislon Chisholm-Ryder Co., Inc.
4610 Highland Avenue, Niagara Falls, N. Y.
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driving mechanism, controlled by a precision
clock, actuates the movement of the light
source, the recording film, and the tuning of
the receiver in such a manner that the film is
scanned in time and in frequency.

In another report appeared further details on
high frequency models of the German-developed
Magnetophone, using magnetic tape for record-
ing sound.

The report, made by Captain James Z. Men-
ard for the U. S. Army’s Field Information
Agency, Technical, contains design information
on the mechanical systems, electrical circuits,
recording processes, and the recording tape.

A dual purpose meter that measures both re-
sistance from zero to 50 ohms and resistance in
megohms from zero to infinity, was described
in another war report.

The weight of the instrument, without bat-
teries, leads, and resistor, is 3 pounds and 11
ounces. The unit has an ohmmeter circuit and
an insulation measuring meter circuit. It is
energized by two 414-volt cells.

Other features are: batteries to energize the
meter coils; and internal circuit continuity indi-
cated by a small resistor containing a glow
lamp.

L 3 - -

PYRAMID JOINS RMA

The Pyramid Electric Company, 415-21 Tonnele
Avenue, Jersey City 6, N. J., ‘has become a
member of the RMA.. - -

LEE WINS THOMPSON
MEMORIAL PRIZE

Dr. Gordon M. Lee, technical director of the
Central Research Laboratories, Inc.,, Red Wing,
Minnesota, has been awarded the Browder J.
Thompson Memorial Prize for 1946 by the IRE.
Dr. Lee’s winning paper discussed “A Three-
Beam Oscillograph for Recording at Frequen-
cies Up to 10,000 Megacycles.”

This is the first award from the fund estab-
lished by friends of Mr. Thompson following
his death in 1944 in the Mediterranean area
while conducting flight tests of electronic equip-
ment for the Secretary of War. At the time
he was on leave from his duties as associate
research director of RCA Laboratories, Prince-
ton, N. J. .

The prize was established to stimulate re-
search in the field of radio and electronics by
scientists under 30 years of age and to encour-
agce the careful preparation of papers describ-
ing such research.

LEITNER BECOMES LEAR

CHIEF ELECTRONICS ENGINEER
Richard G. Leitner has been named chief elec-
tronics engineer of Lear, Inc., of California. Mr.

Leitner will make his headquarters in Los
Angeles.

i * »

PRESTO ON EXHIBIT
IN SPANISH FAIR

Recorder and transcription turntable products
of Presto Recording Corporation, 242 West 55th
St.,, New York City, are on exhibit at the In-
ternational Fair and Exposition in Barcelona.
Spain.

» - -
COSGROYE REELECTED RMA
PRESIDENT

R. C. Cosgrove has been reelected president of
the Radio Manufacturers Association. In
other elections Henry C. Bonfig succeeded E.
A. Nicholas as vice president and chairman of

(Continued on page 42)

meets every requirement

for a RUGGED
ALL-PURPOSE MICROPHONE

Packed with power to spare —

built to take rough handling and
bad climate conditions — engi-
neered for smooth response to both
music and voice pickups, the
Turner Model 33 is an all-around
microphone for recording, P.A.,
call system, studio, and amateur
work. A professional unit for pro-
fessional results. Ask your distrib-
utor or write.

Free ‘I'urner Catalog
Write for your copy

e TURNER coweany

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

LOOK at these

Performance Features

33X Crystal

e Moisture-sealed crystal.
o 90° tilting head.
e Wind and blast-proofed.
e ‘Barometric compensator.
o Chrone finished case.

e Level -52DB.

e Range 30-10,000 cycles.
e Removable cable set.

33D Dynamic

e Heavy duty dynamic
cartridge.

90° tilting head.

Wind and blast-proofed.

Chrome finished case.

Level -54DB.

Range 40-10,000 cycles.

Removable cable set.

Choice of impedances.

Licensed under U.S. Patents oll'sllle American Telephone & Telegraph Company, and Western

lectric Company,

Crystals licensed under patents of the Brush Development Company
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By
MEASUREMENTS
CORPORATION

U. H. F. RADIO NOISE and

FIELD STRENGTH METER

Model 58

FREQUENCY RANGE: 15 to 150 mc. Push-
button switching for rapid, accurate measure-
ment of noise levels or field strength.

SQUARE WAVE
GENERATOR Model 71

FREQUENCY RANGE: 5 to 100,000 cycles,

WAVE SHAPE: Rise time less than 0.2 micro-
seconds,

OUTPUT VOLTAGE: 75, 50, 25,15,10, 5 peak
volts fixed; 0-2.5 volts continuously variable.

MANUFACTURERS of ‘ Catalog
standard Signal Generators .
Pulse Generators
FM Signal Generators
Square Wave Generators
vacuum Tube Voltmeters

i \d
Radio Noise & Fie
u“Fstrlenlih Meters

Capacity Bridges
Megohm Meters
dic
phase Sequence 1%
jon and FM Test
'relwlsam“"“'“t

request

ators

MEASUREMENTS
CORPORATION

BOONTON NEW JERSEY

oy - — e W e oo
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NEWS BRIEFS
(Continued from page 41)

the set division; Fred R. Lack succeeded
George Lewis as vice president, and Allen
Shoup succeeded Thomas A. White as a vice
president. M. F. Balcom was reelected vice
president .and chairman of the tube division.
Leslie Muter was reclected RMA treasurer for
the eighth time.

Elected to the RMA board of directors were:
\W. J. Barkley. Henry C. Bonfig, Lloyd C.
Coffin, George R. Haase, Lloyd A. Hammar
lund, Larry F. Hardy, W. P. Hilliard, Harold
C. Mattes, A.-D. Plamondon, Allen Shoup,
Ross D. Siragusa, C. M. Srebroff and J. Hall
Stackpole.

*

DI-ACRO BULLETIN

A 40-page booklet, No. 4 6-10. describing die
less duplicating has been published by the
O’Neil-Irwin Manufacturing Company, Minne:
apolis 15, Minn. Benders, shears and brakes
are discussed and illustrated.

TURNER NAMES WEBSTER CHIEF
ENGINEER

Glenn E. Webster, formerly in charge of
speech equipment for Collins Radio Company,
has been appointed chief engineer of The
Turner Company, Cedar Rapids, lowa.

DR. BOWN NOW BELL LAB
RESEARCH DIRECTOR

Dr. Ralph Bown, assistant director of research
at Bell Telephone Laboratories since 1944, has
been named director of research.

He succeeds Dr. M. J. Kelly who has heen
serving both as director of research and execu
tive vice president of the L.aboratories and who
| will continue in the latter capacity.

MONACK OPENS ENG. OFFICE

A. J. Monack has resigned as engineering vice
president and a member of the bhoard oi direc-
tors of the Mycalex Corporation of America to
engage in consulting services on glass, glass
metal seals, and electronic insulation

Othces will be at Rutherford, N. J.

* -

CY READ JOINS MONTGOMERY WARD

Cyrus T. Read has resigned his post at Halli-
crafters to become supervising buyer of elec-
tronic equipment for Montgomery Ward & Co.,
Chicago.

* o w

MILLEN CATALOGS

A 24-page components catalog and a 12-page
special products catalog have been released by
James Millen Manufacturing Company, Inc,
150 Exchange Street, Malden, Mass. In the
components catalog appear data on transmit-
ting and receiving capacitors, dials, drives
scales, knobs. sockets, standoffs, bushings, r-l]
chokes, antenna devices, safety terminals,
beads. couplings, flexible couplings, coils and
coil forms, i-f transformers, etc. The special
products catalog contains descriptions of a sec.
ondary frequency standard, frequency deter-
mination unit, u-h-f calibrator, syncgroscope,
delay lines, etc.
* *

BURLINGTON INSTRUMENT DATA

A 20-page catalog covering panel milliamme-
ters, ammeters, microamineters and voltmeters
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JONES BARRIER
TERMINAL STRIPS

Bakelite Barriers
placed between
Terminals increase
the leakage path
and prevent direct
shorts from frayed
wires at Terminals.
Terminals and
screws are of nickel
plated brass. Insu-
lation is of BM 120
molded Bakelite.

Ilustrated are three
types: Screw Termi-
nals. Screw and
solder Terminals and
Screw Terminal
above panel with
solder Terminal be-
low. For every need.

i Six series cover ev-
.142. ery requirement:
G i No. 140 — 5-40
screws, No. 141—6-32 screws, No. 142—
8.32 screws, No. 150—10-32 screws, 151—
12-32 screws and No. 152—14-28 screws.

These sturdy Terminal Strips will not only
improve your electrical connections but
' will add considerably to the appearance of
your equipment. A truly modern Terminal.
Write today for catalog No. 14 listing our
complete line of Barrier Strips in addition

2-142-%W

to other Electrical Connecting Devices.

HOWARD B. JONES DIVISION

CINCH MFE. CORP.

2460 U.GEORGE ST. CHICAGO 18

Radio bargains by the hundreds
packed into this latest RWT Flyer!

Who but the largest name in Radio
Values would bring you bargains
like these NOW! For more of them
clip the convenient coupon NOW!

' Xmitter tube now being
SPEcIAl sold at $50 elsewhere
- = ® RWT'S PRICE TO YOU, ONLY

Another RWT achievement! Use this ‘995

versatile xmitter tube as a modulator —
oscillator—amplifier ! Filament voliage:
5 or 10 v. Plate: 3000 v. Plate current:
900 ma. Plate dissipation: 300 w «304 TH
Limited quantity only. Xmitter Tube”

Haodio Wire
Television Inc.

New York 13. Boston 1Q0. Newark 2.

neves™ [afyelfe Kedo

the Famous

e m e ——————-—————

RWT pept. TG-6

100 Avenue of the Americas, New York 13
Gentlemen: Enter my order for [] xmitter tube(s).
{0 Check enclosed [] M.O. [J Send C.O.D.
[J Send me FREE copy of your latest BARGAIN
GUIDE C37 and place my name on list for your
NEW SUPER CATALOG.

r
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Poste on Penny Postcard. Moil Todoy!
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for a-¢c and d-c, and external shunts, etc., has
been prepared by the Burlington Instrument
Company, Burlington, Iowa.

- - -

FEDERAL BULLETINS

A series of bulletins describing square-loops for
f-m; selenium rectifiers; 10-, 20- and 50-kw f-m
transmitters; and sclenium rectiber equip-
ments, have heen released by the Federal Tele-
phone and Radio Corporation, Newark, N. J.

The selenium rectifier, a sub-miniature item,
1%4'x1%4 "x11/16, is discussed in two bulletins,
which contain circuit diagrams and operation
plots. Power supplies, battery chargers and
commercial power systems using the larger
type selenium rectifiers are described in a 12-
page bulletin. )

A coaxially fed square loop for f-m applica-
tion is analyzed in two 16-page brochures. O1-
fered are constructional and installation data,
field test plots and engineering analyses.

Technical data on 88- to 108-mc i-m trans-
mitters for 10, 20 and 50 kw appear in a 60-page
booklet. Presented are complete circuit data,
diagrams, station setups, and enginecring high
lights of the various’ tl;an’smltters.

SYLVANIA APPOINTS VIRGIL GRAHAM
MANAGER OF TECHNICAL RELATIONS

Virgil M. Graham has been named manager of
technical relations for Sylvama Electric Prod-
ucts, Inc. He was formerly manager of the
Sylvania industrial apparatus plant at Wil-
liamsport, Pa.

* * =

RAYTHEON ACQUIRES SUBMARINE
SIGNAL CO.

Submarine Signal Co., was merged with Ray-
theon Manufacturing Co. recently.

H. J. W. Fay, former president and member
of executive committee of Submarine Signal,
will serve on the Ra!t}leon board.

*

DR. SALMON HONORED BY
ACOUSTICAL SOCIETY

The Acoustical Society of America recently
presented its Biennial Award to Dr. Vincent
Salmon of the Jensen Radio Manufacturing
Company.

The award specifically recognized his. con-
tribution to horn theory, both by theoretical
work and by practical application to horn loud-
speakers.

Dr. Salmon is physicist in charge of research
and development.

LI T

TECHNOLOGY INSTRUMENT NAMES
GLOVER CHICAGO REP

Ralph P. Glover, consulting engineer, 1024
Superior Street, Oak. Park, Illinois, has been
retained as technical representative in the Chi-
cago area by Technology Instrument Corpora-
tion, Waltham, Massachusetts.

T

line of antenna equipment, continues its forward pace with the
introduction of this new DI-FAN receiving antenna.

The DI-FAN antenna provides
FM channels. It thus supersedes ordinary dipole antennas or dipole-reflec-
tor arrays which work well over only one or two television channels.

excellent reception on all television and

In addition, the following advanced features will recommend the
DI-FAN to dealers and receiver manufacturers who want the best
possible antenna for use with theitr FM and TV receivers:

o Impedance of DI-FAN matched to
impedance of transmission line, pre-
venting ghost images.

@ Designed for use with 300 ohm trans-
mission lines, conforming to RMA
standards for FM and TV receivers.

o DI-FAN has a graceful, attractive
shape—looks well on any building.

o Light in weight but strong and dur-
able. High strength aluminum alloy
elements. Supporting members of
heavily plated steel.

@ All insulators are high grade glazed
steatite.

® Mounting supports available for
either chimney ot roof installations.
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is graph illustrates the superiority of the

Andrew DI-FAN over an ordinary folded dipaole.
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90900 Series
Cathode Ray Oscilloscopes

The No. 90902 ond No. 90903 Rock Ponel
(3'%4”’) Oscilloscopes, for two and three Inch
tubes, respectively, are inexpensive basic
vnits comprising power supply, brilliancy ond
centering controls, safety features, magnetic
shielding, switches, etc. As a transmitter moni-
for, no additionol equipment or occessorles are
required. The well-known trapezoidal moni-
toring patterns ore secured by feeding modu-
lated carrier voltage from a plck up loop
directly to verticol plates of the cathode ray tube
and oudio moduiating voltage to horizontal
pl By the addition of such units os sweeps,
pulse generators, amplifiers, servo sweeps,
efc., all of which can be conveniently and
neatly constructed on companlon rack panels,
the original basic 'scope unit moy be expanded
fo serve any conceivable application.

THE INDUSTRY
OFFERS . . .

ALTEC LANSING DIACONE SPEAKER

An 18-watt multicell Diacone-type speaker
mode] 603, using a metal high-frequency dia
pbragm and a low-frequency cone coupled to-

| gether by a mechanical dividing network and

JAMES MILLEN
' MFG. CO., INC.
© MAIN OFFICE t_N_Q'F.ACTI‘l.'o;v.. A

MALDEN

S
2> Wl
> a4 ‘\-s‘_‘_ -
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e . o ¥
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driven by a single 3" voice coil of edgewise
wound aluminum ribbon, has been announced
by Altec Lansing ( orporation, 1161 North Vine
St., Hollywood, Calif. The metal high-frequency
diaphragm operates into a multicellular horn.

Speaker using Alnico V is 15" in diameter,
with a horizonta) distribution angle of 60° and
a vertical distribution angle of 40°. Voice coil
impedance is 15 ohms.

. »

SELECT-O-GRAPH CODE WRITER
An electric code typewriter that provides
spaced tones for any type of code has been de-
veloped by the Select-0-Graph Manufacturing
Co., 502 W. Colorado Ave., Colorado Springs,
Colorado. -
The machine consists basically, of a cam ar-
rangement driven by a variable speed motor
and fnquon drive mechanism, connected to an
electronic audio oscillator. Has a volume con-
trol and switch, 3-position tone control, cali-
br?ted speed control from 2 to & words per
minute and three indicator lights. Also has an
interlocking key mechanism which makes it im.
possible to strike another key while a cam is
already in motion.

SOLAR FLUORESCENT LAMP
NOISE FILTERS

Three fluorescent lamp noise filters, elim-o-stat
type, have been announced by Solar Manufac-
turing Corporation, 285 Madison Avenue, New
York 17, N. Y.

Filters are of two basic electrical types,
a balanced twin-pi filter for maximum attenu-
ation and a delta capacitor filter for normal
usage, the latter available as types EF-101
and EF-102 in bathtub and cylindrical metal
housings, the former as type EF-100,

Filters are described in Solar bulletin SFF-
100; a comprehensive technical discussion of
their development appears in the July-August
issue of The Solar System.

Sum-0-rar "/ﬁ\\/

PYRAMID CAPACITORS

A series of dry electrolytics in sealed metal
tubes and screw-base aluminum cans, and dry
clectrolytics in wax-filled impregnated card-
board tubes, in single and dual types, has been
announced by Pyramid Electric Company, 415-

YOU GET MANY

Extras/

Rowe No. 7

Permanent

Magnetic
Driver Unit

XTRA power, extra long life, extra

freedom from break-downs, extra
ease of replacement . . . these are but
o few of the many extras you get in
the ROWE No. 7 PERMANENT MAG-
NET . . . first choice of sound engi-
neers who investigate thoroughly and
analyze carefully.

The 3 |b., 4 oz. ALNICO Magnet
gives power and permanency, com-
bined voice coil and diaphragm as-
sembly heads off troyble, provides for
quick replacement if neecssary. Write
for circular giving complete details.
Address, Dept. 31,

ELECTRONICS DIVISION

NI
» f/m/uf/riey

3120 MONROE ST.,TOLEDO 6, OHI0

421 Tonnele Avenue, Jersey City 6, N. J.
Capacity ranges are from 4 to 80 mfd in the
singles and from 4+4 to 80+40 mfd in duals.
Capacitive-inductive noise suppressors are
also being made by Pyramid.

® & 8

NATIONAL R-F CHOKES
Two chokes,: 214 mh (R-100S) and 1 mh
(R-300S), have been announced by the National
Company, Inc., Malden, Mass.

The R-100S has a continuous universal wind-
ing in four sections wound on an isolantite form
for 6-32 screw mounting in any position. Over-
all dimensions are 2''x11/16; current rating is
125 ma, d-c resistance is 50 ohms.

R-300S is wound on isolantite in a continuous
universal winding in three sections. Has a d-¢
resistance of 10 ohms, a current rating of 300
ma, and a distributed capacity of ! mmid.
Over-all dimensions are 2':x11/16.".

TWT TRANSMITTERS ‘
A 1,000-watt 5-band transmitter, model 900A,
has been announced by Taylor Western Trans-
gittfers, 6127 S. Western Ave: Los Angeles,
alif,

Five-band change operation on 10, 15, 20, 40,
and 75 meters. Provides 100% modulation of
the phone carrier power on all bands.

Tubes in the r-f chain include 6V6 oscillator,
6V6 doubler, 3D23 as second doubler or buffer
amplifier, and an Eimac 4-250A as power am-
plifier output tube. Power supply tubes include
one S5Z3 bias rectifier, two 866A low voltage
rectifiers and two 866As as high voltage recti-

ers.

Audio channel consists of a 6V6 first speech,
807 second speech and a2 second Eimac 4-250A

® COMMUNICATIONS FOR JULY 1944



www.americanradiohistory.com

ag a positive modulator. This positive modu-
lator is biased to approximately three to four
times class C and at carrier operation draws
practically no plate current, the approximate
700 watts of carrier power being supplied by
the first Eimac 4-250A to the load or antenna.

* % =

B & W COAXIAL CABLE CONNECTOR
A coaxial cable connector, CC-50, has been an-
nounced by Barker & Williamson, 235 Fairfield
Ave., Upper Darby, Pa. Provides water-tight
coaxial cable connections, and also serves as
center insulator for a half wave doublet.

Made of aluminum with steatite insulation.
A bottle of weatherproof cement and a piece of
$4” outside diameter rubber tubing, plus the
necessary assembly screws are supplied with
each connector.

L

JOHNSON SOCKETS
Ceramic sockets for 826, 829 and 832 transmit
ting tubes, 122-101, have been developed by the
E. F. Johnson Company, Waseca, Minnesota
Socket has an aluminum base shield, and is de-
signed so that button mica bypass capacitors
glay be mounted directly on the tube socket
ase.

Other features include grid terminals designed
so that the connecting wires may be isolated
from other circuits.

& ¥ *®

» & =»

ELECTRIC MACHINERY CO.
CONSTANT-VOLTAGE GENERATOR

An a-c generator, model regulectric, for use in
engine generator sets to provide power at con-
stant voltage, has been developed by Electric
Machinery Mfg. Co.,, Minneapolis 13, Minn.
Uses a built-in voltage regulating circuit em-
ploying the principle of series-resonance.

* * *

RCA VIBROTRON TUBE
A sub-miniature metal triode weighing 1/15 of
an ounce, which converts mechanical motion
directly into a variable electron flow, the vibro-
tron, has been developed by RCA.

Tube is about 1’ in length and about %’ in
diameter. Leads for supplying voltages to the

CREI Home Study Training Combined With Your Own
Radio Experience Is A Sure Combination To Enable
You To Get Ahead Faster—Make More Money—

Enjoy Security In Radio Electronics!

Yes, you can be ready to take advantage of the
unlimited opportunities in Radio-Electronics . . . if
you act today! Never before have men like you had
the chance to step into brand new jobs in brand new
fields. FM, Television, Facsimile and other electronic
communications systems for both government and
industry will require thousands of highly trained,
expert radio communications engineers and techni-
cians

NOW is the time to take the time to prepare your-
self for these important career jobs. CREI home
study training can show you the way by providing
you with the “tocls” with which to build a firm
foundation of ability based on a planned program of
modern technical training.

In our proved method of instruction you learn not
only how but why! Easy-to-read-and-understand les-
sons are provided well in advance and each student
has the benefit of individual guidance and supervision
from a|trained instructor. This is real, honest-to-
goodness practical engineering training that leads to
better jobs and more rapid promotions . . . the type
of training for which many thousands of professional
radiomen have enrolled during the past 19 years.

It costs you nothing to read the interesting facts
to learn how CREIl can help you enjoy the
security you want . . . get the better paying job that
can be yours. Write for free booklet today. (CREI!
training for veterans is available under the “G. 1.” Bill.)

WRITE FOR
FREE 36-PAGE
BOOKLET

""Your Opportunity
In the New World
of Electronles”

Tells how CREI
Courses can.be adapted
to your

particular needs.

If you have had pro-
fessional ‘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 answer
your inquiry —

PLEASE STATE
BRIEFLY YOUR
BACKGROUND OF
EXPERIENCE, EDU-
CATION AND PRES-
ENT POSITION.

Capitol Radio Engineering Institute

E. H. RIETZKE, President

Dept. CO-7, 16th and Park Road, N. W., Washington 10, D. C.

Branch Offices:

tube are brought out through a glass seal at
one end. At the other end a flexible metal

(Continued on page 46)

New York (7): 170 Broadway Chicago (2): 30 N. LaSalle Street
San Diego (1) 316 C Street San Francisco (2): 760 Market ng

Member: NATIONAL HOME STUDY COUNCIL , NATIONAL COUNCIL OF 'TECHNICAL SCHOOLS
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HIGH-FIDELITY
HEADPHONES
CAN BE COMFORTABLE

The revolutionary new Telex “Mono-
set" is designed to replace old-style,
over-the-head phones wherever com-
fortable High Fidelity Hearing is de-
sired.

Worn under the chin, the "Monoset”
eliminates head fatigue and ear press-
ure. Weighs only 1.3 oz. Rugged,
Tenite construction. Fully adjustable to

Frequency response—50 to 3,000
c.p.s. Maximum sound pressure output
—300 to 400 dyns per sq. cent.
Available in three impedances: 128,
500 and 2,000 ohms.

all head sizes. Feather-light plastic
cord. Replaceable ear tips.

For particulars write to Dept. F

TELEX, INC. wncivous v, mnnesora

Canadian Distributors: W. J. Addison Industries, Ltd., Toronto

“Midget" model
is especiolly de-
signed for crowd-
ed opporotus 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
impedance and db. loss per step upon
request.

in- any practical

STANDARD
TYPE

700

® TECH LABS can furnish a unit for every
purpose.

@ Write for bulletin No. 431.

Manufacturers of Precision Electrical Resistance Instruments

JERSEY CITY 7 N.J.

337 CENTRAL AVE.
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THE INDUSTRY OFFERS ... -

(Continued from page 45)
diaphragm permits transferring external motion
to a movable electrode within the tube.

Can be used as a phonograph pickup. Said
to provide for a system having low acoustic
noise and needle chatter, Tube operates as an
integral part of the pickup head and amplifier,
without the need of a preamplifier or coupling
transformer.

Below, schematic of vibrotron. Motion of movable
electrode (E) in direction MM is transferred
through a thin metal diaphragm (D) to affect the
electron flow of triode consisting of electrodes
(K) cathode, (G) grid, and (E) movable anode.
Motion of the movable anode in direction MM
produces a proporitionate change in the electron
flow. The triode is contained within a metal
envelope (S) and has. its leads (L) brought out
through a vacuum-tight glass header (H) with
exhaust tip (T).

Me—g—>M

:/

4
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AIRADIO VARIABLE CAPACITORS

Two- and three-gang variable capacitors are
now being manufactured by Airadio, Incor-
porated, Stamford, Conn. Capacitors have an
oscillator section providing a maximum of 162
mmfd and one or two sections with a maximum
of 452 mmid.

* o ®

ASSOCIATED RESEARCH INSULATION
RESISTANCE METER

A portable insulation resistance meter, model
261 vibrotest, testing to 50,000 megohms (center
scale 1,200 megohms) has been announced by
Associated Research, Inc., 231 So. Green St.,
Chicago 7, llinois.

CLARKSTAN SWEEP FREQUENCY

TRANSCRIPTIONS
A 100-10,000 cps sweep-frequency transcription
to provide instantaneous a-f response checks,
has been announced by Clarkstan Corp., 11927
W. Pico Bivd.. Los Angeles 34, California.
The transcription, developed by Wayne R.
Johnson, has a repetitive rate of 20 cps at con-
stant amplitude below 500 cps and constant
velocity above 500 eps. The sweep is loga-
rithmic. There is a synchronizing pulse of 200
microseconds duration at start of sweep to lock
the oscilloscope. Frequency markers are pro-
vided at alternate thousand cycles. Frequency
response variations are said to be held within
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+1 db. Recordings are made on 10 vinylite
at 78 rpm and on 16" at 33% rpm, the latter
recorded with NAB curve.

Osciliographic recording of transcription |
reproduction.

LI 2

FTR 8-BAY F-M ANTENNA '
1 A square-loop antenna for f-m broadcasting has |
| been developed by Federal Telephone and Radio
| Corporation, Newark, New Jersey. This an l
tenna, when 8 bays are used, is said to provide
a power gain of nine.
Additional bays can be stacked. |
Antenna features omnidirectivity in the hori
zontal plane, a minimum of resonant circuits,
horizontal polarization and no field tuning.
Coaxial lines of the 51.5-ohm (34" or 1%"') can
be used to feed the array.

MAGNETOSTRICTION PHONO PICKUP
A phonograph pickup, type TM, using the
torsional magnetostriction principle, has been
developed by Magnetostriction Devices Com-

(Continued on page 48)

cornish
WIRE COMPANY, .

15 Park Row, New York 7, N.Y.
" Made éy fngineeu jot gngineeu
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561 BROADWAY NEW YORK
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THE INDUSTRY OFFERS . . .

(Continyed from page 47)

pany, 739 Boylston Street, Boston, Massachu-
setts.

Operating at a needle-point pressure of 20
grams.

Hum pickup is said to be minimized by use
of extremely small diameter coils wound in-
tegrally upon the torsional member and con-
nected in series opposition with respect to ex-
ternal fields.

CINEMA ORTHOCOUSTIC
EQUALIZERS

Orthocoustic equalizers, type 4137, are now be-
ing produced by the Cinema Engineering Co.,
1510 W. Verdugo Ave., Burbank, California.
Available for 560. and 600-ohm circuits. In-
sertion loss is approximately 16 db. Fitted with
two input and two output terminals, and

shielded against pickup of extraneous induc-
tances.
Measures 2%’'x3%4"x215” overall.
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RCP INSULATION TESTER

An_insulation tester, 665A, with an insulation
resistance range up to 10 billion ohms, has been
announced by Radio City Products Co., Inc.,
127 W, 26th St., New York City, N. Y. In ad-.
dition, the instrument includes a vacuum-tube
voltmeter, ohmmeter and capacitymeter.
Insulation testing range: 1 to 10,000 megohms
at 500 volts. Vacuum-tube ohmmeter offers
direct reading; seven ranges from 0.1 ohm to
1,000 megohms, Capacitymeter covers from
0.0000025 to 2,000 mfd in eight‘ranges. A.c
vacuum-tube voltmeter also is direct reading,
input capacity 0.00005 mfd at terminals of in-
strument. Input resistance, 160 and 16 meg-
ohms; seven ranges to 6,000 volts. D-¢ vacuum-
tube voltmeter (direct reading) has a sensitivity
of 160 megohms on high ranges and 16 meg-
ohms on low ranges; six ranges to 6,000 volts,

G. R. 5-AMPERE VARIACS

A series of Variac autotransformers, type V-5,

to replace the 200-C models, has been an-
nounced by General Radio Company, 275 Mas-
sachusetts Avenue, Cambridge 39, Massachu-
setts,

Uses grain-oriented strip cores, both iron and
copper, and aluminum structural parts instead
of steel and zinc.

Unit brush is used, which can be changed
without tools. Brush pressure is assured by
an accurate coil spring; brush extension is lim-
ited to prevent short-circuiz damage through
contact of the brush holder witis the winding.

Rated output current for 115-vo't models is
5 amperes; maximum current is 7.0 amperes.
Voltage output can be varied from ¢ to 17%
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above line voltage. Volt-am 0.862
pere rating is
kva. 230-volt models will handle 0.575 kva with

current ratings of 2 amperes, rated, and 2.5
amperes maximum

ELECTRO-VOICE CRYSTAL
MICROPHONE AND STAND

A combination crystal microphone and desk
stand, mode! 902, has been announced by Elec-
tro- Vonce Inc., 1239 South Bend Ave., South
Bend 24, Tndiana.

Molded in onc piece of high impact, butyrate
plastic,

High capacity crystal. Frequency response
is substantially flat from 70 to 7,000 cps. Out-
put level is 48 db below 1 volt/dyne/cm?2, open
circuit; voltage developed by normal speech (10
dynes/cm?) is .0394 volt.

HEWLETT-PACKARD H-F
VACUUM-TUBE YOLTMETER

A h-f vacuum-tube voltmeter that measures a-c
voltage from 20 cps to 700 mc, d-c voltage at
100 megohms input impedance, and resistance
from 0.2 ohm to 500 megohms, has been de-
éelquped by Hewlett-Packard Co., Palo Alto,
alif.

Input capacity is 1.3 mmid; input resistance
is 6 megohms below 10 mc, less at higher fre-
quencies due to dielectric losses.

ALPHA METAL OFFERS
TRI-CORE SOLDER SAMPLES

A test quantity of tri- core solder wire is being
offered to manufacturers b 3' Alpha Metals, Inc.,
Tri-Core division, 369 Hudson Avenue, Brook-
lyn 1, N. Y.

FIRST FIRST RENEWAL
WITHSTAR. . .

AWARD . . . . JUNE 23. 1944

Catalog No. 1920

DEC. 16, 1944

Single open-circuit jack

SECOND RENEWAL
WITH STAR ... .

A — Hook-type lug

separator

Single closed-circuit jack
Catalog No. 192}

confacts

B — Molded bakelite

C — Arch-design spring
D — Phosphor bronze

3-way micophone jack
Catalog No. 1922

fn

Here is something for which the radio world has been waiting:
Small and llghtwelght these brand new and exclusive ICA jacks
will prove ideal wherever space is limited and high performance
essential.

Like the hundreds of other ICA radio parts, these jacks - are

precxslon-made of the right materials.

bakehte' the tooled brass body and phosphor bronze sprmg
members are nickle-plated; all non-ferrous materials.

Note too these engineering features: Arched design to minimize
tension fatigue; functional design to minimize creepage and
dust accumulation; interlocked component parts to prevent turn-
ing and shorts; hook-type soldering lugs permit easier wiring.

 You. will certainly want to investigate this new and exclusive
ICA development as well as the rest of the ICA line of quallty
radio parts. Send for complete catalog today.
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The separators are molded

QUALITY
PRODUCTS
SINCE

1921

MAY 26, 1945
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VETERAN WIRELESS OPERATORS ASSOCIATION NEWS

A

W. J. McGONIGLE, President

GEORGE P. SHANDY, CHIEF Inspector
of the maintenance, repair and instal
lation department of the Radioma-
rine Corporation of America, resides
in Brooklyn. . . . Jim Maresca, first
secretary of VWOA, has been in radio
over thirty vears and served at Camp
LEvans Signal Labs at Belmar, N. ],
during World War II.  Jim worked
there in 1919, with Weagant for the
Marconi Company. . . . Happy to learn
of the recovery of Forrest Vosler from
a delicate eye operation. Vosler, holder
of the Congressional Medal of Honor,
received the VWOA Marconi Memo-
rial Medal of Valor at our annual dmn-
ner cruise. He is at present a control
room operator at \WWSYR, Svracuse,
N. Y., and a student at Svracuse Uni-
versity. . . . E. M. Stetson has become
a VWOA member. He has been a
shipboard operator since 1935, serving
with Bull and Standard Oil.  He 1s
now with Tropical Radio. . . . Rodney
D. Chipp, another newcomer to the
VWOA ranks, hails from Bloomfeld,
N. J. He has served as a shiphoard
operator with TRT and RMCA. He
has also bheen a code instructor for
RCAI and a station engineer at
KLNH. For eight years he was with
NBC and during the war was ap-
pointed a Lieutenant Commander in
the U. S. Navy. Major Leroy
Thomson, now on active dutvasa U. S.
Signal Corps officer, has hecome a
VWOA member. . .. A Canadian has
joined our ranks, George Wells oi
Montreal. e has been pounding hrass
since 1919, serving on the ships of the
Prince Line. He has operated many
of the Canadian coastal stations for the
government. . . . R. C. Reinhart, presi-
dent of Atlas Sound Corporation, who
recently joined VWOA, was a pounder
in 1926, serving as an operator with
the Standard Oil, and shore stations
and several private vachts. . . . E. W,
Kreis, who began his operating career
in Milwaukee in 1915, has received hi
VWOA card. He operated ships of
the Great Lakes, and also served with
the U. S. Shipping Board. . . . B.J.
Borsody, now a VWOA member, is a
veteran since the davs of 1918. He
was an operator with the AEF of the
U. S. Regular Army Field Artillery.

RCA BUILDING, 30 Rockefeller Plazs, New York, N. Y.

GEORGE H. CLARK, Secretary

Wireless schoolroom in the early days of the U. S. Navy communications program.

(Conrtesy George Clark)

e has been with the New York City
Fire Department as chief operator ot
WNYF. During the war he was a
U. S. Navy Lieutenant Commander
and commanding officer at Guam and
the Mariana Islands. He holds a
Speed Key Certificate, valid on Pacific
Fleet circuit, and issued by the U. S.

Navy after a test in 1945. . . . Walter
Jablon of Hammarlund, is now living
at W. Englewood, N. J. . . . A. C.

Krones, a new VWOA member, began
his key pounding in 1925 as a ship-
board operator. He is now with the
Milwaukee police department. . . . It is
a genuine pleasure to welcome 25-vear
veteran wirelessman R. P. Herzig,
Radioman First Class, U.S.N. . .. Ben
Titow, RCA business office manager,
was at the recent fall meeting. Ben was
a very active member in New York be-
fore his assignment to other states and
cities for the commercial department
of RCAC. Welcome back, Ben, let’s
see you often. . . . We were delighted
to receive acknowledgment of the re-
ceipt of honorary membership certifi-
cate from Admiral Luke McNamee,
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president of Mackay Radio. \Ve are
proud to include him among our illus-
trious honorary members. . . . We un-
derstand that the honorary membership
certificate recently tendered Robert V.
Howley, president of Tropical Radio,
now occupies a position of honor in
his office in Boston. . . . Ye prexy and
Bill Simon recently had a very pleas-
ant luncheon with H. H. Parker of
the Westchester Lighting Company,
who did such great work as secretary
for several vears a few vears back. . ..
We've received some additional high-
lights on veteran Commander Samuel
Freedman. Now at the Radio Re-
pair Shop, U. S. Submarine Base,
New London, Conn., he started with
Postal in 1918 as a Morse operator.
He then went to the Marconi Company
in 1919, and then with various RCA
subsidiaries. Later he was engaged
in police radio engineering. Since 1941
he has been with the United States
Navy in radio and electronics materiel.
A. B. Deane received his commercial
license in 1932, taught code, and then
went to sea for over five years.
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APPLICATION
ENGINEERING
DEPARTMENT

Electronic Research & Mg, Corp.

A Service to INDUSTRY

DEVELOPMENT AND CONSTRUCTION
OF ELECTRONIC EQUIPMENT FOR ANY
APPLICATION

Werite or telephone for a discussion of your problem—
without obligation.

1420 East 25th Street, Cleveland 14, Ohio
SU. 1958

SELENIUM

%B oo
METALLIC

SINCE 19213

COPPER
SULPHIDE

Latest developments in radio and elec-
tronic paris and devices, newest ' Ham
gear, "Gadgets" to delight the experi-
menter, bargams in war surplus

goods, all in new catalog for you. N

BURSTEIN-APPLEBEE CO.,
1012 McGee, Kansas City 6, Mo.
Send me FREE new B-A Catalog. Cox
1 AM
STATE CONNECTION IN INDUSTRY
NAME
ADDRESS,

TOWN

7]
—
>
-
m
'-

B-L METALLIC RECTIFIERS

from Milliwatts to Kilowatts

If you have an A.C.-D.C. conversion problem, let B-L
engineers help you. We have successfully produced
many appliances formerly thought impractical.

B-L Metallic Rectifiers have been favorably known
to the electrical industry for many years. They
are reliable, efficient, designed to get jyour job
done right!

No matter what rectifier applications you are cowu-
sidering, B-L will be glad to work with you. Selen-
| ium and Copper Sulphide Rectifiers for all needs
are available.

Write today for Bulletin R-41
THE BENWOOD-LINZE COMPANY

1815 LOCUST STREET ST. LOUIS 3, MO.
Long Distance Telephone CEntral 5830
Designers and Manufacturers of Selenivm and Copper Sulphide
Metallic Rectifiers, Battery Chargers and DC Power Supplies
|
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PREVENTIVE MAINTENANCE

(Continued from page 28)

can quickly be damaged if they
are used carelessly.

Large wrenches. Two types are
available; adjustable end wrenches and
monkey wrenches to remove or hold
bolts, studs, and nuts of various sizes,
and especially the large ones. Jaws
should always be adjusted to fit snugly
against the flat sides of the bolt or nut.

Wrenches should be kept clean, slightly
oily in order to prevent rust, and stored
in the bottom of the tool box.

Screwdrivers. Screwdrivers of dif-
ferent sizes are used for maintenance
work. In the selection of a screw-
driver for a particular job, the bit
should be approximately the same
width as the head of the screw, and fit

snugly in the slot; the handle should
be large enough to give adequate lever-
age.

Soldering irons. Soldering irons are
crucial pieces of maintenance equip-
ment, and must be carefully handled.
Tips must be kept clean and bright and
properly tinned. The cords should be
in good condition, and rolled around
the irons when stored. Attachment
plugs must be tightly fastened to the
wire. A reasonable amount of care
will keep the irons in good working
condition, but it will be necessary oc-

casionally to refile and re-tin the tips.
Whenever the tip becomes pitted and
misshaped :

(1) The tip should be filed until it
is free from pits, has desired
shape, and is smooth.

(2) Iron should be connected to an
a-c 115-volt outlet and allowed
to heat, tip temperature being
tested with a piece of rosin-core
solder. When the solder melts,
it should be rubbed all over the
tip until the tip is completely
coated with solder.

(3) The tip should be removed from
the heating element occasion-
ally, and the scale cleaned from
the shank of the tip and from
the threads. Cleaning can be
done with sandpaper. All grains
should be removed from the
threads before the tip is again
inserted into heating element.

Soldering hints.

l % 4

| M-

AT

Before a joint is

Figure 2
A typical maintenance tool kit.

o00000000OCS TRANSFORMERS 0000000000

{Under Contract No. 59A-3-48)
.+ . to handle and sell a wide variety of

ELECTRONIC EQUIPMENT

released for civilian use

Write for Bulletin Z-14
Remler Company, Ltd., 2115 Bryant St., San Francisco 10, Cal.

BEMLEB SII.VCE 1918

Radio Communications Electronics

°

° °

REMLER APPOINTED : EXPERIMENTAL SERVICE o
Agent for ) We now offer to the electronic industry o design and pilot ®

: run production service for audio and power tronsformers. :

WAR ASSETS : FOR INFORMATION PHONE, WRITE OR WIRE :
ADMINISTRATION S 11 tonswenih i THE R L DRAKE C0. Doyion 2, oo 8
[ ] ]

o Ve MeEtroy

World’s Largest Manufacturer of
Wireless Telegraphic Apparatus
COMPLETE CEINTRAL OFFICE EQUIPMENT

McElroy Manufacturing Corp.

82 Brookline Avenue « Bostem, Massachusetts

CRYSTALS
EXCLUSIVELY

RADIO INSTRUCTORS

Receiver Servicing Experience. College Degree Preferred. $3600 a
year to start. 34200 after four months. Work in the heart of the
Radio Industry. We will teach you how to handle practical tele-
vision. Write Raleigh G. Dougherty, 158 Market Street, Newark 2,
New Jersey, c/o New York Technical Institute of New Jersey,
America’s foremost television school.

PEVYERSEN RADIO CO., Council Blufts, lowe
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Figure 3 :
Tool kit used for maintenance of relays.

soldered, it should be prepared in the
following manner :

(1) Joints should be cleaned care-
fully, using sandpaper to remove
corrosion from the wire and lug.

(2) Joints should be mechanically
tight.

(3) Clean, freshly tinned soldering
iron should be held against the

joint, heating it until the solder
flows over the joint,

(4) Sufficient solder should be used
to fill the joint completely and
heat applied until the connection
is sooth.

(5) A dirty iron should never be
used. Joints niust be clean too.

(6) Solder alone should not be ex-
pected to make a joint tight.
Wire must be wrapped around
the lug or connector until it is
mechanically tight before the
solder is applied.

(7) Joint should not be allowed to
move before the melted solder
sets or hardens.

is used on joints and wire which must
be kept from touching bare surfaces.
It is also used as a cover on rubber
tape wrappings, since it has a more
durable surface than rubber. When

Rubber “tape
Friction tape will
not protect a joint from water. Where
a joint must be waterproof, rubber
tape with a covering of friction tape
should be used.

carrying high voltage.
should be used first.

small joints are covered, it is advisable
to split the tape down the center to
form two 38" strips. Friction tape
should never be used alone on wires

Vises. The threads of the mounting
bracket screw and of the jaw screw of

(Continued on page: 55)

Friction tape. Friction tape is cloth,
coated with an adhesive compound. It

MODEL 2432 SIGNAL GENERATOR

Another member of the Triplett Square Line of matched units this
signal generator embodies features normally found only in “‘custom
priced” laboratory models.

| FREQUENCY COVERAGE—Continuous and overlapping 75 KC to

l 50 MC. Six bands. All fundamentals. TURRET TYPE COIL ASSEM-
BLY—Six-position turret type coil switching with complete shielding.
Coil assembly rotates inside a copper-plated steel shield. ATTENUA-
TION—Individually shielded and adjustable, by fine and coarse con-
trols, to zero for all practical purposes. STABILITY —Greatly increased
by use of air trimmer capacitors, electron coupled oscillator circuit anf]
permeability adjusted coils. INTERNAL MODULATION--Approxi-
mately 30% at 400 cycles. POWER SUPPLY—115 yolts, 50-60 cycles
A.C. Voltage regulated for increased oscillator stability,

CASE—Heavy metal with tan and brown hammered enamel finish.

There are many other features in this beautiful model of equal interest
to the man who takes pride in his work.

loot Triple

ELECTRICAL INSTRUMENT CO. srurrron, omio
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COMMUNICATIONS will cost

Teo the Publisher of '

COMMUNICATIONS you only $1 .00
for the next 12 issues

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

Name g s e am e o mk (M R RS R D AR .

IS ounangor wrararoregwan s\ SR SEEETRYY: @ A subscription to COMMUNICATIONS will provide
City-State : S ! timely and authoritative articles of decided importance
Oanpntish wenacAER IS L v SN NE TN a e vl to every engineer and executive in radio, broadcasting,

Empioysd by R television, facsimile, sound recording and projection, aero-

Nature of Business =

(State If Manufacturer, Broadcast Station, eots.) "au+;ca|- Ponce- ra|lr°ad. marine and emergency com-

Product munications.

NBIE  Fonamiie 65535 vii s aids s s (4 s Luien shan st 1§ .

Address RS T T Leading design, manufacturing and operations engineers
City-State . SO . keep posted on all new developments in this fast-moving
Occupation .. TP - S industry by reading COMMUNICATIONS every month.

Employed by .. ... . .. . . . . "t has helped them. It can help you.

Napuse f %:t:it‘:fls;-nuucturqr. Broadeast Statlon, ote.) You and your associates can obtain a year's subscription to l
Reedict , .a., vis o EVERRNTU Y VR WiV COMMUNICATIONS (12 issues) for only $1.00 each by ‘
INRREI - 3 i ha e e £ A%.5 4505 8.8 Ay p KNS e bR TR S 6y 45 using the Group Subscription Plan. Here's how:

Address ... ... ... ... ... o T i R TR T are

City-State .. . IR - - A regular yearly subscription to COMMUNICATIONS costs

Occupation oy LY $2.00—but, when four or more men sign up at one time,

Bmployed BY .. .ve.oreissesiontssonsasinssabinssdses each one is entitled to the half-price rate. (Foreign sub-.

scribers only pay $2.00 each.)

Nature of Business S [——
(State If Manufacturer, Broadeast Statlon, ete.)

Erodget =i g N R T It is easy to get three or more of your associates to sub-
INHE  covawacgaggomias YRAASE IS YR Viae (asdotens scribe with you. Thousands of leading engineers and execu-
Address ............... nTprevEagon: s en e o oons Sy« o6 tives have subscribed year after year on that basis. ~Use
City-State Comeesandanage cidenh dRES- SRS SENE- AN the convenient form on this page. Fill in the names, tear out
Oceupation ... ..........¢ 5habs abnsds .. bonr . SO

and maijl today with your check or money-order. Renewals

Employed by . .. N N P PN e -t 1 o and extensions are accepfable lehe 3

COMMUNICATluNs ® 52 Vanderbilt Ave., New York 17, N. Y.
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(Conh'mlcd from page 53)
the vise must be clean and somewhat
oily. Dust filings and lint should not
he.pel‘mittt‘d to cake in the threads.

Spintite wrenches. These wrenches
are used to remove nuts of various
sizes. Care should be exercised in
choosing a particular wrench for a
particular size of nut.  Wrenches
should fit snugly around the nut, other
wise the corners of the nut will: he
rounded off and removal will be dith
cult.

Safety shorting sticks. These handv
items will have to be made.

To construct, a dry piece of wood or
some other material which is a good
electrical insulator, is necessary. [t
should be about 15” long and about 1”7
in diameter. The latter dimension is
not very important. A piece of copper
or brass rod or thin tubing should then
be fastened to one end of the stick so
that the rod extends a few inches be-
vond the end of the stick. The free
end of the rod should be bent in the
form of a small hook. Then a piece of
heavy flexible hook-up wire, about 18”
long, should be fastened to the metal
rod at the point where it is fastened to
the stick, and a heavyv clip attached to
the free end of the wire.

\When using the safety shorting stick
to discharge capacitors, the clip should
be fastened to the frame of the cabinet.
To short circuit capacitors to ground,
the rod should be placed against capac-
itor terminals.

[To be continued]

Figure 4
Wire, cable and extension cord rack at WOR.

NOW AVAILABLE for immediate delivery

A ruggedly constructed direct reading laboratory instrument
specially designed to measure Q, inductance, and capacitance
values quickly and accurately. Invaluable in selecting proper low
loss components for high frequency applications.
SPECIFICATIONS: — FREQUENCY RANGE: 32-200 mc, accuracy |

RANGE OF Q MEASUREMENT: 80 to 1200

Q CAPACITOR RANGE: 11-60 mmf; accuracy ~ 1% or 0.5 mmf, whichever is greater

WRITE FOR

CATALOG TC™

With Amazing
Add- A-Unit Features!

| ADD ANY OR ALL’
| OF THESE UNITS
"IN A SINGLE CABINET!

New! Original! Revolutionary! The Concard line
of Multiamp Add-A-Unit Amplificrs and complete
systems set new high standards of flexibility. idel-
ity, performance. beauty and cconomy! 30 to 45
watt amplificatiovn increased, in a single cablnet.
to 60, 75, or 90 watts in mlnutes with plug-in Add-
A-Unit output stages—at minlmum cost! Two
moreinput channclstototalsixchannelsif necded!
Add a phono player. record changer, outi)ul indl-
cator—any or all on the same single Multlamp
amplificr cablnet—eliminating cxtra space re-
qQuirements and additional cabinet cost! Permas
neant or Portable. Get complete details at once.

fmmediate Shipment from CHICAGO or ATLANTA

RADIO CORPORATION

LAFAYETTE RADIO CORP.

ATLANTA 3

CHICAGO 7
26S Peachtree Street

901 W. Jackson Bivd.

BOONTON ‘RADIO

BOONTON-N-J-U-S-A-

Exclusive! New Type CONCORD

AMPLIFIERS

2

YogPal ':u‘lf/t 7

~A00+ _
'\ ADD+
\ l / /ﬂl,“'
L ot yee l‘& ‘
\» epitaten \ |
~— X Y

Punas pLATER
|

Mail Coupon for New Complete Catalog—FREE!
Your copy is ready now—featuring the esciting
new Concord line of Multiamp Add-A-Unit Am-
plificrs and Accessorics -plus
Radio Sets, Phono-Radlo
Combinations —aad the
latest. greatest complete se-
lection of RADIO PARTS,
ELECTRONICEQUIPMENT,
TOOLS. AMATEUR GEAR,
KITS and SUPPLIES. Thou-
sands of items—Including
nationally-known standard
top-quality lines-——money-
saving prices. Mall coupon.

CONCORD RADIO CORP. 0
901 W. Jackson Blivd. ‘
Dept. R-76, Chicago 7. Il
Yes, rush FREE COPY of the comprehensive |
new Concord Radio Catalog. :

[}
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COAXIAL
CABLE

and

TUBING

Development of for-
mulations rigidly tested

to meet exact specifica-
tions has made Surprenant

a leader and authority in

.

the field of plastics insulated,

-

high frequency, low loss co-
axial cable and tubing. A diver-
sity of facilities, wide range re-

search and engineering service,

S A

unexcelled laboratory equipment,
and a wealth of experience

enable us to match in every

detail the requirements you
name. We would appreciate
the opportunity to furnish

complete technical data.

ELECTRICAL
84 Purchase St.,

INSULATION CO.
Boston 10, Mass,
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IMPROVED NULL DETECTOR

for a-c Impedance Bridges
SENSITIVE ¢« RUGCCED +« CONVENIENT TO OPERATE

ME G-R Type 707-A Null Detector, temporarily withdrawn from production during the war, is

now available again. [t uses a one-inch cathode-ray tube in a non-inductive degenerative ampli-
fier circuit, with tuning and phasing networks and sweep and sensitivity controls. As a null de-
tector on any a-c impedance bridge its advantages over former types of detectors are numerous, and
include:

1~ Operation in noisy locations 7 Shows immediately any drift of either or

) both components
2 Not affected by strong helds . . o
8 —-Provides positive indication of the direc-

3 May be used at all frequencies up to 2 kilo- tion of off-balance for either companent, as
cycles, and higher as an untuned amplifier selected

4 Separately indicates balunce of the resistive 9 Can be calibrated to show the degree of un-
ond reactive componerits balance

10 Can be used at all times at maximum sen-

Mukes possible cise balancing of either R T . p
J SRR - P e ¢ sitivity, even with the bridge far off-balance

component with only moderately close bal-

ance of the other 11— Supplies instantaneous response

6. Precise measurement of the steady com- 12 Will withstand any overload caused by
poneint can be made while the other varies marked off-balance and is instantaneous in
erratically recovery

Ihe input impedance of thé deétector i1s one megohm. Its sensitivity is 100 microvolts at 60 cyvcles and 200 to 300 microvolts
at 1000 eveles. lts selectivity is 40 db against the second harmonic. Plug-in units tune the amplifier to any operating frc
guency desired between 20 and 2,000 cycles with a continuous tuning range of +59% for each unit.

TYPE 707-A CATHODE-RAY NULL DETECTOR .. .. $250.00
NOTE! We have a few in stock. ORDER NOW!

WRITE FOR COMPLETE DATA

GENERAL RADIO COMPANY

Cambridge 39, Massachusetts
90 West St., New York 6 920 S. Michigan Ave., Chikago 3 1000 N. Seward St., los Angeles 38
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FEDERAL'S HIGH-FREQUENCY
COAXIAL CABLES offer you

1. LOW LOSSES
2. FLEXIBILITY
3. DURABILITY

MEASUREMENTS CORPORATION
BOONTON, N.

EGELVE )
AUG 1 1946 |
91101112 1,2,3,4, 5,8

pper Conductor — solld or stranded.

K |2 . the most e 1ot
olyethylene Dielectric between central con-

o THI p(;plia;v‘cable ductor and outer braid.

or an an-

tenna transmission lines.

Copper Braid, closely woven over dielectric
sheath,

Outer Jacket of Federal's IN- 102, a plostie-
Ized vinyl resin, extremely dwable with re-
e markable abvouve resistance, and highly
resistant to most acids ond alkolis, smoky
atmospheres, oils and greases.

INTELIN COAXIAL CABLES are especially de- temperatures as low as minus 30°C. Whatever
signed for high-frequency transmission line your operating conditions, you’ll find that the
service — the vital link between transmitter extra durability of Intelin cables — their out-
and antenna. standing resistance to abrasion, weathering and

Their unusually low attenuation losses, ob- corrosion — means long uninterrupted service.
tained by careful selection of dielectrics, con- Federal’s complete line of many sizes and
ductor spacings, and rigid quality control, types of coaxial cables enables you to select the
assure the most efficient transfer of energy right transmission line for practically every
with minimum radiation. They dre extra flex- field of application. Write today for Bulletin
ible, too — can be bent without cracking at D510 giving complete data and specifications.

PARTIAL LIST OF FEDERAL CABLES COVERING POLICE, BROADCAST AND AMATEUR BAND

High-Frequency Coaxial Cable Data

PO TP

Characteristic Capacitance"

omtel imgmisn | BEL | opigmaten, i Physica imondons
fL ! 5 frequency in Megacycles Conductor Dia. | 0.D. Dvar Jacke!

1.2 30 106 3001 1.0 1.7 100] 300 Salid Copper " P'-"'

K12 23 29 066, 086/ .425 .83l 1.7 39 30, _8.50( 3.0 1.5 .188” 'rﬁg‘ﬁ'

Ki3 52 29 QS58L 076! 32 1.4 S1! _43.8 13.5| 54 /0. 250" l.)ﬂS‘

K14 71 21 092] 360! 93| 1.90136,5! 27.8 5.55 2.71| 1.34 114" 885"

Stranded Copper | E-

K45 ! 52 29 A5 2021 .90 21 y iﬁ 2.4 .96 | .480 .086" - .415"

6 2.0 .79] .435 .048" 415"

“* Reg. U. 5. Pat, OH,
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