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General Application

LOAD RANGE *REGULATION
| MODEL VOLT-AMPERES  ACCURACY

Extra Heavy loads = 150 25-150  05%

3-Phase Regulation 250  25-250  0.2%
LOAD RANGE *REGULATION R o

| LOAD RANGE *REGULATION MODEL VOLT-AMPERES  ACCURACY ]500000 Isooo Isooooo 8’;40

| MODEL VOLT-AMPERES ACCURACY - o

‘ 5,000% 500-5000  0.5% 2000 200-2000  0.2%

o e e o 05
p b -30, Do 15,000% 1500-15,000 0.5%

[ 3P45,000 4500-45,000 0.5%

: ¢ Harmonic Distortion on above models 3%,.
. Lower capacities also available.

FOR AIRCRAFT.
Single Phase and Three Phase

400-800 ycle Line . The First Line of standard electronic

INVERTER AND GENERATOR REGULATORS

£ LOAD RANGE *REGULATION
i! MODEL VOLT-AMPERES  ACCURACY

D500 50 - 500 0.5%

| D1200 120-1200 0.5%
L 3PD250 25-.250 0.5%
, 3PD750 75-750 0.5%
Other capacities also available

o ——————

The NOBATRON Line

Output Load Range
Voltage DC Amps.

6 volts 15-40-100

* Regulation Accuracy 0.25°, from 1/,
to full load.

AC Voltage Regulators and Nohatrons‘

GENERAL SPECIFICATIONS:

e Harmonic distortion max. 5% basic, 2% *'S” models
Input voltage range 95-125: 220-240 volts (—2 models)
Output adjustable bet. 110-120: 220-240 (—2 models)
Recovery time: 6 cycles: ¥ (9 cycles)

Input frequency range: 50 to 65 cycles

Power factor range: down to 0.7 P.F.
Ambienttemperature range: —50°Cto +50°C
All AC Regulators & Nobatrons may be used with no load.

*Models available with incredsed regulation accuracy.
Special Models designed to meet your unusual applications.

Write for the new Sorensen catalog. It contains complete
specifications on:standard Voltage Regulators, Nobatrons,
Increvolts, Transformers, DC Power Supplies, Saturable Core
Reactors and Meter Calibrators.

00 0P 0 COOPOS COOOOD 000000 0000068 005000 500050080800

SORENSEN & CO., e,

STAMFORD CONNECTICUT

Represented in all pfincipal cities.



DEFLECTIDON COIL
SHELL CYLINDER

puncuep COSMALITE «
COIL FORMS FOR..

RECEIVERS

DEFLECTION

COIL CORE A new and further step in the ever in-

creasing use of these spirally laminated
paper base, Phenolic Tubes. Perform-
ance based upon approximately seven

years of research.
®
Other Cosmalite Types—

#96 COSMALITE for coil forms in all

standard broadcast receiving sets.

SLF COSMALITE for Permeability Tuners,
®

Spirally wound kraft and fish paper

DEFLECTION COIL : Coil Forms and Condenser Tubes.
TERMINAL RING

X
RETAINING RING Attractive prices, Fast deliveries.
= . —— \
= : *
i Inquiries given specialized attention.

*Trade Mark Registered

DEFLECTION
SPACER

/2. CLEVELAND CONTAINER ]

6204 EARBERTON AVE. CLEVELAND 2, OHIO

. All-F bre Cans+ Combination Metal and Paper Cans

« Spinclly Wound Tubes and Cores for all Purposes

- Plastie and Combination Paper and Plastic Items
*

* *®
PEODUCTIBN PLANTS also at Plymouth, Wisc, Dgdensburg N Y., Chicage. 11, Delroit, Mich, Jameshurg, N 1.
PLASTICS BIBISIONS at Plymouth, Wisc. Ogdenshurg, N. Y. o ABRASIYE DIVISIEN at Claveland. Ohio
SA.ES GFFICES — Room 223, 1186 Broadway, N.Y.C. also 647 Main SL. Hartlerd Conn
N CANADA —The Cleveland Containgr Camada Ltd, Prescatt, Ontario
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PHILCO announces a sensational new
Radiophone Communication System that is
revolutionary! PHILCO engineers have de-
veloped an amazing ““Channel Saver” circuit
that dowbles the available channels in the
30-44 megacycle band . . . actually uses only
half the present channel width, without
loss of voice quality or efficiency.

The new PHILCO Radiophone Communi-
cation System brings you the most modern
design, with miniature tubes and new type

circuits . . . the only FM communications
. . . t that th tional PHILCO
® Philco Radiophone Systems are Available for ;};I eﬂtecfor;lses o SEseTE
Oper'atlon on Al! Fr‘equenc1es Assigned for And PHILCO maintains a nationwide
Mobile Communication. service organization now operating in
your community! Mail the coupon today
e Free Engineering Consultation Service. for full details.

Dept. J-9, Industrial Division :

@ Nationwide Service Organization.

Philco Corporation
C and Tioga Streets
Philadelphia 34, Penna.

Gentlemen:

Please send me information about the new
PHILCO FM Radiophone Communication
System.

NAME— - S
ADDRESS ——MM M -
CITY ——

PHILADELPHIA e PENNSYLVANIA b e e e
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How 19,000 companies
up take-home pay

Can you deduct $18.75 from $60.00 and get $66.25? Yes. And the way you can do it is mighty important to

your company—and to the nation!

You start with $60. representing someone’s weekly take-home pay. You deduct $18.75 for the purchase of
a U.S. Savings Bond. That leaves $11.25. But $41.25 isn’t what the worker takes home. Ile takes home
$41.25 plus a $25 Savings Bond. Total (assuming he holds the Bond till maturity): $66.25.

WHAT 19,000 COMPANIES HAVE LEARNED

In the 19.000 companies that are operating the Payroll
Savings Plan for the regular purchase of Savings Bonds,
employees have been more contented in their johs—ab-
senleeism has decreased—even accidents have been fewer!

Those are the “company™ benefits the Plan provides, in
addition to extra security for individual employees.

But the Plan has other. far-reaching benefits of basic im-
portance to both your business and the national economy. . .

SPREADING THE NATIONAL DEBT
HELPS SECURE YOUR FUTURE

The future of your business is closely dependent upon the
future economy of your country. To a major extent, that
future depends upon management of the public debt.
Distribution of the debt as widely as possible among the
people of the nation will result in the greatest good for all.

How that works is clearly and briefly described in the
free brochure shown at the right. Request your copy—
today —from your State Director of the U. S. Treasury
Department’s Savings Bonds Division.

from the Treasury Department’s State

ACTION BY TOP MANAGEMENT NEEDED

The benefits of regular Bond-buying are as important today
as ever—bult war-time emotional appeals are gone. Spon-
sorship of the Payroll Savings Plan by a responsible execu-
tive in your company is necessary to keep ils benefits
advertised to your employees.

Banks don’t sell Savings Bonds on the “installment
plan”— which is the way most workers prefer to buy them.
Such icorkers want and need the Payroll Savings Plan.

Those are the reasons why it’s important to make sure
that the Plan is adequately maintained in your company.

The State Director will gladly give you any assistance

vou wish. -
. Sy N

“The National Debt and You,” b e .

4,
p Péyb;, "y

a 12-page pocket-size brochure, expresses the
views of 'I'. Randolph Burgess, I'ice Chair-
man of the Board of the National City Bank
of New York—and of Clarence Francis,
Chairman of the Board, General Foods
Corporation. Be sure to get your copy

Director, Savings Bonds Division.

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

COMMUNICATIONS

This is an official U.S. Treasury advertisement prepared under the auspices of the
Treasury Department and the Advertising Council
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PROFESSIONAL PERFORMANCE —that keeps the original sonnd alive!

Lo eme awetoowd .

—0n a turntable free of vibration

The pounding of hooves may be sweet music to the ears of
arace jockey. But to a disc jockey-—whose program’s success
depends upon the undistorted high fidelity of his transcrip-
tions—any extraneous mechanical noise leaves his listeners
at the starting post. They just won’t ride with him!
Fairchild engineers have succeeded in eliminating the last bit of extraneous
mechanical noise — in the newly redesigned Unit 524 Transcription Turntable.
Turntable noise, rumble and vibration are non-existent because of the unique

method of mounting the drive — at the bottom of the cabinet . . . the use of a

specially designed rubber coupling to connect the drive and synchronous motor

which are spring-mvounted and.precision-aligned ina singI.e heavy casting . . . the Transeription Turntables
use of sound-stopping mechanical filters on the hollow drive shaft to reduce the

transmission of vibration from the drive mechanism to the turntable . . . and the Studio Recorders

use of a heavy, webbed cast aluminum turntable mount at the top of the cabinet.

In addition to freedom from rumble, Fairchild offers you a-wider frequency
range and lower distortion content with its Unit 542 Lateral Dynamic Pickup,
with a stylus mounting that allows the tip to follow the minute indentations en- Lateral Pynamic Pickaps
graved in the groove from 30 to 10,000 cycles and beyond, with a minimum of
distortion. Want more details about sound equipment that really keeps the origi-
nal sound alive? Address: 88-06 Van Wyck Boulevard, Jamaica 1, New York.

Magnetic €Cutterheads

Portable Recorders

Unitizod Amplifiers

CAMERA
AND INSTRUMENT CORPORATION

COMMUNICATIONS FOR JANUARY 1948 e




200 SERIES AUDIO OSCILLATORS

Available in six standard models.-hp- 200A and -hp- 200B have
transformer- coupled output delivering 1 watt into matched
load. Primarily designed for audio testing. -bp- 200C and -bp-
200D have resistance-coupled output and supply constant vol-
tage over wide frequency range. The -bp- 202D is a modifica-

\
202B LOW FREQUENCY OSCILLATOR

Specially designed for work between 14 cps and 1000 cps. Pro-
vides excellent wave form, good stability, split-hair measuring
accuracy in the very low frequencies. Ideal for vibration or
stability checks on mechanical systems, for testing geophysical,
electro-cardiograph or electro-encephalograph equipment,

tion of the 200D, extending frequency downward to 2 cps. checking response of seismographs, or electrical simulation of
-bp- 2001 is a spread-scale oscillator designed for interpolation mechanical phenomena.

work and for applications where oscillation frequency must be

known with utmost accuracy.

n 201B AUDIO OSCILLATOR
o out e
Fro A t. tor englne :ed © dy ach bears the fam Meets every requirement for speed, accuracy, wave
tuned OSClna ) s in i...an € t Constant out- form purity a.nd ease pf f)peratiqn in FM and ofher
.. SCdlatOf £ no 7er0 sct, ning- fields where high fidelity is most important. Provides
recision acteristt s of B nd dec de tuni 3 watts output into a 600 ohm resistive load. Distor-
I’) famﬂy Cha Stabﬂlty’ a jven here. tion held to 1% or less, at 3 watts, 14 % at 1 watt
StOrthn’ £ illatofrs are § output. Excels in testing high fidelity amplifiers,
(8} speakers, and in comparing frequencies.

”t

650A WIDE-BAND OSCILLATOR

Continuous frequency coverage, 10 cps to 10 mc.
Highly stable, versatile. Output flat within 1 db
throughout frequency range. Available voltages
range from .00003 to 3 v. Other advantages in-
clude 94” scale length, 6 to 1 micro-controlled
tuning drive, 50 db output attenuator variable in
10 db steps, output voltage divider providing 6
ohm internal impedance (reducing output vol-
tage 100 to 1).
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Going Up

A STRIKING INCREASE in operators and
stations was revealed in the year-end
report of the FCC. As of January 1,
1948, there were 3,834 broadcast sta-
tions which included 1962 a-m, 1,010
f-m, 73 tv and 590 remote pickups.
Over 120,000 non-broadcasting sys-
tems were recorded, including 20,818
aeronautical, 14,254 marine, and over
7,000 public safety and land transpor-
tation systems. Over 350,000 licenses
were issued to radio operators.

In analyzing the license grants, the
FCC reported that 1,522 a-m stations
have been licensed to operate, 374 f-m
stations are on the air and 17 television
stations are now operating. It was
reported that a total of 4,130 license
authorizations were granted for police,
fire and forest protection. And power,
transit and petroleum pipe-line facili-
ties received license grants for 1,136
stations, The railroads received 109
licenses and were authorized to oper-
ate over 900 transmitters.

Two-way transmitting systems were
installed in over 25,000 trucks, buses
and taxicabs. Over 30,000 received
special licenses to use two-way sys-
tems in such activities as lumbering,
paper mills, highway activities, ranch
services, etc.

In 1948 a 509% increase in station
and operator grants is anticipated.

New Broadcast Definitions

STREAMLINED DEFINITIONs of many
broadcast terms were adopted at the
recent Meeting of Engineers held in
Havana, Cuba, during the latter part
of 1947.

The definitions approved included
skywawve signal, which was defined as
a radiated signal which is reflected
back from the ionosphere. A ground-
wave signal was defined as the radiated
signal which is propagated close to the
surface of the earth and is not reflected
back from the ionosphere. Another
definition stated that by a 10% (or
509 ) skywave field intensity is meant
that level of field intensity exceeded
by the hourly median field intensities,
in some specified interval of calendar
time for 109 (or 50%) of the nights
of that calendar interval. The hour of

LEWIS WINNER, Editor

JANUARY, 19438
the night to which the hourly median
refers is the hour centered on the
instant of time two hours after the
latest sunset on the transmission path.
Also defined was frequency tolevance
and stability with the operating fre-
quency of each broadcast station being
maintained to within 20 cycles per
second of assigned frequency and not
varying perceptibly over short periods
of time under all conditions of opera-
tion. Defining determination of power,
the engineers stated that power should
be determined by taking the product
of the square of the current at the
point of input to the antenna system
and the total resistance at that point.
Provision for the inclusion of the
540-kc band, raising the total channels
to 107, was also suggested at the con-
ference. The use of this channel for
clear, regional or local purposes will
be discussed at the forthcoming Third
North American Regional Broadcast-
ing Conference in €anada during
August,

On The Development Front
SIMPLIFIED TV RECEIVER designs, fea-
turing 7” electrostatic picture tubes,
will soon appear in many models. Cir-
cuits will have each of the i-f stages
tuned to the same {frequency. To
achieve broadband response degenera
tion at r-f will be employed. The usc
of negative feedback has been found
very effective since its behavior is rela-
tively less dependent on the changes
in tube characteristics.

Some of the receivers will feature
selenium rectifiers in doubler and
quadrupler systems. Filaments will be
connected up in series, obviating the
need for a filament transformer. The
only iron core component that will
appear in many of these models will
be the output transiormer to the
speaker and filter choke.

The IRE National Convention

THE YEARS’S ENGINEERING EVENT, the
IRE National Convention, will feature
presentation of over 100 outstanding
papers on all phases of broadcasting,
commercial communications and in-
dustrial electronics. Presented at the
Hotel Commodore and Grand Central
Palace, March 22nd to 25th, there’ll

be discussions on f-m, navigation aids,
antennas, amplifiers, circuit designs,
tube manufacturing, design and en-
gineering, superregeneration, trans-
mission, nuclear studies, components
and supersonics, television, measure-
ments, broadcasting and recording,
propagation, microwaves and receivers.

Among the f-m papers will be one
on an f-m detector tube with instan-
taneous limiting and single-circuit dis-
criminator, by Robert Adler of Zenith.

Five papers have been scheduled on
superregeneration, including a discus-
sion of the linear mode by Herbert A.
Glucksman, Watson Labs.,, and ex-
ternal and internal characteristics of
separately quenched superregenerative
circuits by Sze-Hou Chang, Watson
Labs.

In a session on systems, Donald It
Norgaard, G.E., will analyze the im-
portant subject of selective sideband
transmission and reception.

Complete details on the program
will appear in the Februarv issue.

Definition of An Engineer

Frep SmirH, writer of many CoM-
MUNICATIONS papers, has submitted
an interesting bit of conunent on the
engineer and information.

He says: “A good engineer is often
defined as one who may not have
remembered every technical detail con-
nected with this work, but who can
locate that information quickly when
it is required.

“Obviously, it is impossible for
everyone to Dbe intimately acquainted
with the multitude of innovations and
new techniques which appear in all
phases of communications. The moun-
tain of journals, bulletins, periodicals
and new books which crowd many
desks gives mute testimony to the
enormity of the task.

“There is, however, a lever by
which the engineer can move this
mountain of information. That lever is
simply a suitable filling system, a
master index of the technical data on
hand. The idea may sound rather
pedantic, but time saved by a good
reference system has a dollars and
cents value that should appeal to the
mest practical man.”

Sound advice !—L, W.
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The Cincinnati Times=Star
F=M Station

Above

Antenna at WCTS-FM. A four-section pylon
with a gain of four is mounted atop a 446" Blaw-
Knox grounded tower providing an effectiv:
radiating power of 12.6 kw. Matching stubs ar-
gt base, penmi}ﬁng tuning adjustments at ground.

Below

A view of the 3-kw f-m_transmitter and asso-
ciated equipment.

WCTS-FM, Sister Station of 5-Kw A-M WKRC, Now on
the Air with a 101.9-Mc F-M Transmitter, with an
Effective Radiated Power of 12.6 Kw.

by JOHN B. LEDBETTER

Engineer
WKRC, WCTS-FM

F-M INSTALLATIONS, postponed and de-
layed in many arcas because of recon-
version difficulties, parts and material
shortages, and strikes in many major
industries, have, nevertheless, increased
at a striking pace. From 66 stations
on the air in January, 1947, f-m has
grown until at this writing nearly 300
f-m stations are on the air, some 63
fully licensed and the remainder on
interinm operation. There are 696 more
who have received construction per-
mits, while 897 hold conditional grants,
and at least 128 are in the process of
requesting  FCC  approval.  When
these stations have been added to the
number already in operation, the ranks
of f-m Dbroadcasters will have swelled
to nearly 1,80(.

The WCTS/FM Station

After the usual construction difficul-
ties and delays in delivery of equip-
ment, we went on the air on March 1/,
1947, with a 3-kw transmitter™ and
an interim power of 6 2 kw on 96.9 mc.
On Octeber 15, we shifted to our new

COMMUNICATIONS FOR JANUARY 1948

frequency of 101.9 me. This shift was
part of I'CC’s reallocation plan. Be-
cause of tower and transmission-line
installation problems, it was necessary
to postpone usc of a four-section py-
lon,! until a week after the shift to our
new irequency.

The Antenna System

The antenna, located on an adjacent
hill (one of the highest points in Cin-
cinnati), some 75" above the studio-
transmitter location, was mounted atop
a 446’ grounded tower,” making a total
height of slightly over 500°. This an-
tenna, with a gain of slightly over
four, increased the effective radiation
power from 6.2 to 12.6 kw.

The interim antenna was an 84
three-bay turnstile. This turnstile, de~
signed and constructed by Hugh
LaCrosse, WKRC transmitter engi-
neer, had given a good account of itself
during the interim period. One fea-
ture, developed by LaCrosse, allowed
the matching stubs to be brought to the
bottom of the pole instead of being

Abuve
Reenforced steel cables run from the transmitter
to the top of the hill, to which are lashed the
transmission line. Transmission line is at left,
Conduit at right carries a-c power to eight
antenna clearance lights and two 1,000-watt
tower beacons.



terminated at the top, so thar all tuning
adjustments could be made from the
ground,

In our transmission-line setup (314"
concentric copper lead) it was decided
to insert four offset 35° couplers in
the line to permit running of the line
up the hill from the transmitter to
tower leg. To permit this installation
two specially-reenforced steel cables
were run from the transmitter to the
top of the hill and the transmission
line lashed to these cables.

Transmitter-Studio Building

The transmitter building®, housing
complete radio facilities, was designed
by George A. Wilson, chief engineer
of WKRC and WCTS. Landscaping
transformed the station site from a
barren, desolate rock pile to a site of
beauty.

Due to delays in receiving insulating
and other materials the studio has not
been completed. Tt was felt that
greater public service would he at-
tained if maximum efforts were ex-
pended toward getting the station on
the air with its power first, then attend-
ing to studio and shop matters as soon
as materials arrived.

In the announcer’s booth which
presently occupies part of the regular
studio space are an announcer’s clock,
monitor speaker and microphone.®™ A
two-watt neon bulb placed just below
eve level is used for an open wmike
signal.

Control Room

The control room is equipped with
two turntables* consolette,” an audi-
tion and monitor cue speaker,® a Naval
Observatory split-second clock, and a
second speaker® for air cue. In the
consolette, the I and 2 positions are
used for microphone channels; posi-
tions 3 and 4 are normalled to the two
turntables but may be patched out to
microphone positions if so desired.
The regular attenuators’ in the 3 and
4 positions have been removed and
special attenuators® installed.

With these new attenuators, the
audition amplifier is automatically

(Continiied on page 36)

12RCA BTF-3 B.

1RCA type BF-14,

2Blaw-Knox.

3Built by Ferro Concrete Co., Cincinnati.
8aRCA 77-D.

4RCA 70-C2.

SRCA 76-B2.

8Altec-Lansing 600.

"Daven RC-102-5.

8Daven RC(-102-5.

Right
Turntable and console used at the station.

Lad ETIA i 1=k I

Above .
Front view of the WCTS-FM building, which is situated on a high hill at 1932 Highland Avenue,
Cincinnati, Ohio.
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Above . e ,
Floor plén of the f-m station c¢f the Cincinnati Times_Star‘ Space (a) is for a proposed -5‘ x 1'21
studio; (&) is the announcer’s booth; (c) outer, vestibule; (d). entrance; (e) control room: stti—
turntables; S-—consolexte; 6—ccembination file cabinet and typewriter desk, which contains transmitter
and audio equipment diagrams. etc.; 7—portable program-record cabinet; §- -ﬂ!]dl'llon and mlon;(tor
cueing speaker; da—second speaher for air cueing, and 9—Naval Obse.rvatory split second C‘tocb),
(f) transmitter rcom (I/ and I3 are spare-part storage cabinets, I/ being used for receiving tubes,
turntables, overdrive assemblies, attenuators, capacitors and resistors, and 73 being used ior: s;);re
transmitter tubes andl transformers, power resistors, etc.; /2 —power §upply tor 0003019“_% -
equipment rack which contains part of audio equipment; 15-. -second audio rncls: 16—.3-kw mr;jcololed
transmitter assembly which consists of the _power-supply cubnngt and qontrol unit, osclllator-mo.u atolt'
and frequency-control unit, and doubler-driver and final-amplifier unit; 17—portable test equipmen
dolly which comtains a tube tester, vtvm, 'scope, tools, supplies, EED..). In section !g) l\:’ t;l; p‘:(l)grglzn
department and record library. Item I8 is a dual-spe.ed high-fidelity p.laybncl,( unit an , 2, h'
23 and 24 are record and transcription files. At 20 is the program dlrectoxjs desk. In spnc: ](. )
we have an equipped workbench for construction w?rk and emergency.repmr, Telep<hone a.rn‘ mj
terminations are housed in room (k) with a-c circuit breakers and main boxes at 25; refrigerate

air conditioner is at 26 and wash rooms are at 27. The section (n) is the garage.
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International Broadcast H-F Transmitter
With Continuously Tunable Plate System

Tuned Circuit of Final Stage of 2.85 to 22.5-Mc Trans-
mitter Is Continuously Tunable from Front Panel. Power

Output Is 20-Kw, Carrier,

15-Kw, Carrier, for Phone.

for Telegraph Service and

by DAVID A. MILLER

Assistant Chief Engineer
J. H. Bunnell and Company

FEASE OF TUNING, one of the most im-
portant design considerations, is a par-
ticularly vital factor in high-power h-f
wide-range transmitter construction,
where a minimum of controls and flexi-
hility of operation are extremely ad-
vantageous.

With this type of tuning flexibility
as a feature consideration, the 20-kw
h-f transmitter, shown in Figure 1, was
developed, with a plate circuit which is
continuously tunable from the front
panel over a 2.85 to 22.5-mc range.

The plate tuning circuit is an integ-
ral assembly composed of the tube
water jacket, tuning coil, tuning ca-

10 o

pacitor, output coupling coil, bypass
and neutralizing capacitors.

Power-Amplifier Circuit

Coupling, shown fixed in Figure 2,
at the power-amplifier grid end, can
be varied at the exciter end by a con-
trol located on the front panel. Both
fixed and grid leak bias are employed.
The grid tank, balanced with respect
to ground in order to obtain the neu-
tralizing voltage, is tuned by varying
the inductance. The variable induc-
tors and capacitors in the antenna tun-
ing circuit are used to load, balance
and impedance-match the output of the
transmitter to the antenna. A pi-sec-
tion plate supply filter is used.

The plate tuning capacitor varies
from 100 to 370 mmfd, the plate tuning
inductance from 12 to 0.5 wh, and the

loaded Q of the circuit from 10 to 20.
The Inductances

The plate-tuning coil, which is
water cooled, is composed of ten and
one-quarter turns of 78” copper tubing.
Of the total turns, eight and one-quar-
ter turns are spaced 174” between cen-
ters, one turn is spaced 138" apart and
one turn 234" apart. The closely
spaced turns are located at the bottom
of the coil and the spacing increases
towards the top. The inlet and outlet
unions make watertight connections
and also make it easy to remove this
coil for cleaning, repairs or replace-
ment.

The output coupling coil, with an
inductance of 1 ph, is composed of two
turns of the same tubing. This coil
requires no cooling other than the
forced air used to ventilate the entire
power amplifier frame. Both plate-
tuning coil and output-coupling coil
are silver plated.

How these coils are coupled, sup-
ported and insulated from each other is
shown in Figures 3, 4 and 5. This as-
sembly presented quite a few problems.
The support of the coils had to be
rigid, strong and capable of holding its
spacing under all operating conditions.
The proper operation of the shorting
spider required that the plate induc-
tance be centered very accurately.
Since peak voltage of about 40,000
volts would be encountered in opera-
tion, it was necessary in the design to
prevent corona, dielectric breakdown,
and voltage arc-overs across the sur-
face of the insulation.

For insulation we selected glass-
bonded mica, which is strong, machin-
able, and has excellent insulation char-
acteristics. To achieve rigidity and
fixed spacing between turns four
grooved bars were made up to hold the
plate-tuning coil between them. These
bars are supported hy four more bars
that are securely fastened to the frame
at both ends. The output-coupling coil
is mounted upon this set of bars and.
with the tuning coil and its supports,
forms two concentric cylinders. The

1J. H. Bunnell model 26-15.

Figure 1
Continuously tunable 2.85 to 22.5-mc transmitter.
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space between the coils is two inches
and is controlled by the spacers placed
between the two sets of supports.
Every section of this assembly can be
adjusted to compensate for any differ-
ences in parts due to normal produc-
tion tolerances. Because of this fea-
ture, precision settings can be at-
tained with low cost parts. To facili-
tate replacement, every glass-bonded
mica part has an identifying letter and
number engraved upon it.

Figure 3

Figure 2
Schematic of the pswer amplifier. The grid cir-

cuit is shown link coupled to the exciter. -

Although coupling is shown fixed at the p-a grid
end it can be varied at the exciter end by a
control located on the front panel.

Voltage arc-overs across the sur-
face of the insulation, commonly called
creepage, presented many construction
problems. A conservative creepage
factor of 5,000 volts per inch was
adopted in design to permit operation
in service conditions where the ambient

humidity might be 95%. The grooved
glass-bonded mica bars fulfill this re-
quirement by increasing the surface
distance between adjacent turns, be-
tween coils and between either coil and
the frame.

Water Jacket
The water jacket and its glass-
bonded mica supports fit on top of the

frame that houses the plate circuit as-

Figure 4

Rear view of the plate tuning system, Incidentaily, in both these
views the equipment is shown ready for shipmeat, with the plate

Rront view of the plate-tuning system.

coil braced by cord.
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sembly.  The union soldered to the

inlet pipe of the water jacket provides
a removable connection to the plate-
tuning coil. The outlet also has a
combined union and corona shield
which connects it to a Saran pipe
which acts as the insulation for the
return side of the water system.

The Shorting Spider

The plate-tuning coil shorting spider
is shown in Figures 5 and 8. This

Figure

PLATE TUNING COIL
)

STREET
ELBOW

TUNING COIL
CONTACT BLOCK
MOUNTING
PLATE

Figure 6
The water-cooled plate tuning coil.

Figure §
Top view of the plate tuning unit.

spider acts as a screw with the spider
as a single external thread and the
plate-tuning coil as the internal thread.
When the large shaft in the center is
rotated, the spider climbs up or down
the plate-tuning coil, depending upon
the direction of the rotation. The
shaft, which acts as part of the coil
shorting circuit, is raised or lowered
by the spider so that it will never be
in the unshorted or used portion of the
plate-tuning coil.

8

The plate tuning-coil shorting spider. The spider arms can change their angle to adapt themselves
to the changes in spacing or pitch of the plate-tuning coil.
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Figure 7
The output coupling coil.
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Several interesting features of the
spider design appear in Figure 8. It
will be noted that the spider arms
can change their angle to adapt them-
selves to the changes in spacing or
pitch of the plate-tuning coil. These
arms have speciallv designed rollers
at each end. They are made to fit the
shape of the coil and are permitted to
rotate laterally by their piston arms,
allowing the spider to track with the
changes in the coil’s pitch. These arms
press against a common spring that
allow the spider arms to lengthen and
shorten as the diameter changes with
the pitch. To minimize friction, min-
iature bearings are used in the rollers
and roller bearings are used in the
center shaft drive.

Spring Contact Assembly

The spring contact assembly has
solid silver contacts which make the
electrical contact with both the bottom
and top surfaces of each turn of the
coil. The body of this contact assem-
bly conducts the current around the
moving parts of the roller assembly.
The strap connectors carry this cur-
rent around the moving parts of the
arm assembly to the center shaft. At
the bottom of the shaft is a spring as-
sembly, whose silver contacts conduct
the current around the moving parts of
the shaft drive and into the frame. By
providing these alternate paths for the
tank current around the moving parts
of the assembly, power losses were re-
duced to a minimum, sources of heat
were prevented, and high efficiency
and cool operation were obtained.
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The Tuning Capacitor Stator assembly of the variable plate-tuning
capacitor which is composed of four plates
clamped to a silver-plated brass-supported reod. T ] o CoNNEETS 70 GEAR
The variable plate—tuning capacitor Distance at A set at assembly of plate.circuit Jd ORIVE
5 . trame.
shown in Figures 3, 4 and 5, and the
plate-tuning coil form the plate tank
circuit. The stator assembly, shown .
R . ¥ at the top end and to a horizontal ,p
in Figure 9, is composed of four plates . Scoupuins
. glass-bonded mica bar at the bottom.
clamped to a silver plated brass sup- . .
The rotor assembly has three identical
port rod. The clamps make the ad- .
: . plates fastened in the same manner.
justment of the plates or their removal . .
S . This assembly is rotated by a gear
a simple matter. Each plate is com- . .
. . drive fastened to a silver-plated brass
posed of two spun aluminum disks (Continued on page 28)
placed back to back with aluminum g
spacers between thern. The whole as- L
sembly is fastened to the water jacket . Figure 9a flel]
How the insulating coupling connects to the front ““'VE“S“\m
panel dial and control is shown in this drawing.
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TV Lens Considerations
For Image Orthicon Cameras

THE CHUICE OF LENSES to be used with
a tv camera involves factors which are
of interest to several types of workers
in the field of television. The camera
designer is interested since he must
know the level of illumination on the
sensitive portion of the pickup tube,
the necessary motion of the lens rela-
tive to the tube for focussing purposes,
and the image magnification in terms
of the resolution of the system. The
producer is concerned with the angu-
lar field of view of a given lens from
a particular operating position; such
information being necessary to plan an
adequate coverage of the event to be
televised. Finally, the matter naturally
is of importance to the television cam-
eraman who needs to evaluate the fore-
going factors in addition to judging
the depth of field allowable in a given
shot.

In general, the choice of lenses for
an image orthicon camera is very sim-
ilar to that used for standard 35-mm
motion picture cameras) A large
newsreel group has used an assortment
of six lenses, ranging from 17 to 12”7
focal length. However, the chief util-
ity was apparently gained from a 17
lens used for wide angle shots, a 27 all-
purpose lens, a 6” semi-telephoto, and
a 12”7 sports telephoto; the latter two
providing increased magnification with
a smaller field of view. The photo-
sensitive surface of the image orthicon
is roughly only ¥” from the front sur-
face of the tube, so that it is possible to
use exceptionally short focal length
lenses for wide angle coverage.

Experience at our labs has shown
that a usual complement for field oper-
ations consists of a 50-mm lens (ap-
proximately 2”) for general purpose
and fairly wide angle coverage; a 135-
mm lens (approximately *535”) for
semi-telephoto coverage; and a 207
lens for narrow angle coverage with
very large magnification of the scene.

The image orthicon pickup tube
offers a variety of television pickups
since it readily accommodates such a
wide variety of lenses. By contrast,
the iconoscope can never be used with

1Popular commercial lens is Kodak Ektar
type as used with the Ektra camera,
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by LEONARD MAUTNER

Manager, Manufacturing and Engineering
Television Transmitter Equipment Division
Allen B. DuMont Laboratories, Inc.

less than an approximately 57 to 67
focal length because of its construc-
tion; consequently, its angular cover-
age has always been more restricted
than that required by producers. In
addition, of course, the high sensitivity
of the image orthicon permits relatively
smaller apertures to be used with the
lenses, so that the depth of field gives

Summary of Terms
Used in Paper

Ere = Photocathode illumination in

lumens/foot®

I = Scene luminosity in lumens/
foot*

T = Overall transmission factor

of lens
{=1{/- number of lens
F = Focal length of lens
0 = Angle between optical axis
and off-axis ray
p = Radius of entrance pupil
d= Diz‘azmeter of entrance pupil
=2y
D = Physical diameter of lens
¢n — Horizontal angular field of
view
¢+ = Vertical
view
X = Width of active portion of
photocathode
VY = Height of active portion of
photocathode
po = Distance from object to lens
for optimum focus
pn = Minimum distance from ob-
ject to lens for tolerable focus
p¢ = Maximum distance from ob-
ject to lens for tolerable focus
6 = Diameter of tolerable circle
of confusion
H = Hyperfocal distance
S = Object distance to first prin-
cipal plane
S’ = Image distance to
principal plane
n = Multiple of I for object dis-
tance
k = Multiple of H for object dis-
tance
R = Racking distance of lens

angular field of

second
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tremendous flexibility of coverage for
the cameraman.

Basic Design Formulas

In determining the lens choice, basic
optical principles must, of course, he
considered. To facilitate this analysis,
the following basic design equations®
relating these factors are offered.

(A) For illumination on the photo-
cathode we have
LT
Epe = —cos* 0 1)
47
Where: E,. = photocathode illumina-
tion in lumens/sq foot
L = scene luminosity in
lumens per sq foot
T = transmission factor of
lens
f = {/- number of lens
© — angle between optical
axis and off-axis ray

(B) The f/- number of a lens is de-
fined in general as
F F
= )
2p d
Where: F = focal length
p = radius of entrance pupil
= diameter of entrance
pupil

The entrance pupil is the image of
the actual limiting stop (aperture) of
the lens system formed by all the com-
ponent lenses preceding it. In actual
practice, if the iris is wide open (mini-
mum f/— number) then the value of d
is often approximately equal to the
diameter of the lens itself. For this

case
F
fmtn = — (3
D

Where: D = lens diameter
and F = focal length of lens

(C) The horizontal field of view at
infinity focus can be found from the
relation

X
¢n = 2tant — (4)
2F

*These formulas given may be readily applied
to all types of pickup tubes.



Where: ¢ = horizontal angular field
of view
X = width of photocathode
F — focal length of lens

If the vertical field of view is de-
sired, X should be replaced by 1, the
height of the photocathode.

(D) Depth of field is the variation
in object distance within which ade-
quate focus is obtained, the camera
being focused for a given distance.

It can be defined in two ways:

(1) As a near and far variation
about the optimum object distance, or

(2) As a near and far distance meas-
ured from the camera lens.

lFor this case, the latter definition
will be used because it results in some-
what simpler mathematics. The equa-
tion can be written as

If p, = optimum object distance

Then p., the near distance is

Fd

8

pn= (€))
Fd

+1

po
And py, the far distance is
Fd

3

pe = (6)

Fd

bo

Where: FF = focal length of lens
d — diameter of entrance pupil
of lens
3 — diameter of circle of con-
fusion

For television work, a useful diam-
eter of the circle of confusion has
heen estimated as 1/200 of the height
of the picture; this gives a value of 3
for the standard 4:3 aspect ratio of

X
o=— (7)
267

Where: X = width of mosaic
Then equations (5) and (6) become
267 Fd

X
=" (8)
267 F d
+1
po X
267 Fd
X

pr=— 9
267 F d

po X
But from equation (4)
F 1 @u

— =-cot— (10)
X 2 2

Numerical Evaluation of Factors Involved in the Choice
of Lenses, Particularly for the Image Orthicon Camera.
Graphical Interpretation of Equations Offered
Facilitate Pickup Applications in Field and Studio
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Ricking distance R versus nF. Object distance § — »F, where » is the number of focal
lengths of lens equivalent to the object distance.

Inserting this in equations (8) and
(9), we have

¢
133 d cot
2

b, pe=— (12)
133 d cot — @
2 133 d cot -
po=— " (11)
bn —F 1
133 d cot — p
2 .
4 If we let p,—> o0, by focusing the cam-
Po era at infinity, then p, becomes
Figure 4

The hyperfocal distance versus the diameter of entrance pupil for a given horizontal
field angle. (Conrresy IRE).
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Pu
133dcot— = H
)

(13)

This distance is defined as the hy-
periocal distance, /. The values of p,
and p, in terms of H, are

H
po= — (14)
H
— 41
4
H
pr=— (15)
H
—-1
b

Thus, if the camera is focused to a
distance H, all objects irom H/2 to «
are focused on the mosaic within a
circle of confusion of diameter 3, or
1/200 of picture height. In Figure 4
we have a graph of H versus d for
various values of g.. Also, when the
lens is focused for a distance H/k,
where & is any constant, then the re-
gion of good focus extends from
H/(k+ 1) to H/(k~1).

(E) The racking distance for the
lens can be calculated from the equa-
tion

1 1 1
T (16)
S & F
Where, S and S* are the distances from
object to first principal plane and from
second principal plane to the image
plane respectively. If we let the object
distance, S, be equal to n F, where # is
any number, then

Sf——
1
1-—

H

{17

It is often useful to consider only the
variation from F, the focal length.
Then we can say

(18)

n-1
The 2P23 Image Orthicon

(A) Required Scene Luminosity:
The sensitivity of the orthicon is such
that about .1 lumen/feot® highlight
luminosity on the mosaic gives 5 mi-
croamperes of signal output. The mini-
mun noise is .2 microampere, thus a
25:1 signal-noise ratio is available at
this level of photocathode illumina-
tion.

Using equation (1) from the basic
design data, a plot of scene luminosity
versus f/— can be made; Figure 1. It
is assumed here that a conservative
transmission factor for normal lenses
is .6 and that the illumination will be

(Continued on page 28)



\WraT KIND of men are the 2,300 scientists and cngineers of Bell Tele-
phone Laboratories?

Men of many tvpes, working in different ficlds of rescarch, may
contribute to each development.

But all have certain characteristics in common: Good minds as a
foundation, many yeuars of learning in the fundamentals of their science
and the methods of tesearch, and a co-operative attitude — for without
co-operation of individuals these products of research could never be
produced.

Above all elsc, however, they have “the spirit to adventure, the wit
to question, and the wisdom to accept and use.”

That kind of men can produce the finest telephone cquipment in the
world — and have done so.

BELL TELEPHONE LABORATORIES

EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES N TELEPHONE SER¥ICE




YETERAN

Vwoa LIFE MEMBER Jack 'oppele of-
fered quite an enthusiastic report on
the future of television, during his
annual address hefore the Television
Broadcaster’s Association, of which
he is prexy.

He reported that tv is “skvrocket-
ing at an almost staggering pace.”

Transmitter Increase

He pointed out that according to the
recently-released FCC aunnal report
there are 15 stations on the air., with
56 construction permits issued and 43
applications still pending.

“Just a year ago.” he said, “I
stated that six stations were operat-
ing, about 45 construction permits had
been granted and 25 applications were
still pending. Hence, the number of
operating stations has nearly trebled
during the year (several stations are
about to begin operations), the num-
ber of applicants for new stations has
nearly doubled and many more con-
struction permits were handed out to
potential broadcasters.

“On the receiving end of television,
the picture is not only one of feverish
activity, but by comparizon with 1946
seems almost out of this world.

"On January 1, 1947, a total of
6,476 postwar receivers had heen
manufactured and distributed.  This
vepresented the total output among

RMA-affiliated manniacturers for all
of 1946,

“The picture for 1047 was totally
different. Production of sets monthly
leaped from a mild 5400 in Jaruarv
to close to 25000 in October. . .

Total output for 1947 was close to
200,000,

Prospects for ‘48

“Tt would appear that television is
moving into one of its greatest ycars,
With receiver production sweeping
ever upward: with television stations
bobbing up everywhere; with network
facilities becoming more and more

WIRELESS

A

OPERATORS

BUILDING

VWOA life member J. R.. Poppele reading his

message on the vear’s progress in television

befor¢ members of the TBA, of which he is

president. JRP is also chief engineer and vice
president of WOR.

available, 1948 should be a banner vear
for tv in every way.

Convention Telecasts

“A tremendous stimulant to the ac-
ceptance of the tv industry will he the
coverage which television will accord
the Republican and Democratic Na-
tional Conventions in  Philadelphia
next summer. It is no secret that the
availability of televisicn network fa-
cilities along the castern seaboard had
nmuch to do with the choice of Phila-
delphia over other sections the
U. S. for hoth conventions.”

of

Programming

Discussing programming, Taclk said
that it has and is constantly hecoming
better,

“If the nth degree of perfection is
still lacking in some presentations, it
shiould he remembered that radio, mo-
tion pictures and the theatre passed
through various stages of growing
pains hefore high accolades were ac-
corded the various amd sundry pres
entations. The label of mediocrity
which some critics have beer prone

COMMUNICATIONS FOR JANUARY 1948

10 Rockefeller PFlaza, Mew York, M.
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ORGE H CLARK. Secratary

to attach to all television programming
is certainly unfair to those individuals
who, to date, have done an admirable
job with only a minimum of funds
and a paucity of facilities. Television
programming will, of course, grow
much better; it certainly is greatly
improved over previous vears.

TV and Economics

“Ours is an industry that grows
day by day. Whenever a new station
opens in an area not presently ser-
viced, it also opens the doorway to
greater prosperity for many other en-
terprises related to television.

“Television has bronght to viewers
the greatest sports and news events of
the day; it has taken millions of peo-
ple right into the White House where
they have been seated next to the
President of the United States as he
addressed them and others in the na-
tion. Television is the great common
denominator. Seeing is believing and
having faith in our fellow man is de-
mocracy in action.”

VWOA Annual Meeting

THE ANNUAL MEETING of the Veteran
Wireless Operators Association was
held in the Marine Room of the Fire-
place Tnn, New York City, January 15.

Ballots for the election of officers
and directors for 1948 were counted.
W. J. McGonigle was reelected presi-
dent. A, J. Costigan and Haraden
Pratt were elected first and second
vice presidents, respectively. William
C. Simon was reelected secretary and
H. T. Havden was elected assistant
secretary. C. D. Guthrie was elected
to the treasury post.

On the new bhoard of directors are
W. C. Simon, George H. Clark, A. J.
Costigan, C. D. Guthrie. W. J. Mec-
Gonigle, J. R. Poppele, Fred Muller
and Haraden Pratt.

Plans for the twenty-third anniver-
sary dinner-cruise to be held at the
Hotel Astor on February 28 were also
discussed. Details will be mailed to
members.



20 KW Transmitter with
CONTINUOUS TUNING FROM THE FRONT PANEL

C.W.
F.S.
Phone

CONTINUOUS TUNING. Continvously tunable from the front panel over its entire
frequency range of 2.85 to 22.5 mc. Tuning circuits simple to operate.

MAXIMUM OPERATING CONTINUITY. Recycling overload relays insure against
loss of operating time due to temporary overloads. Control circvits fulfill rigid broad-

cast requirements.
COOL OPERATION. By electrically short circuiting sources of resistance from mov-
ing parts, heat and power loss are reduced considerably.
SAFE OPERATION. Automatic-safety grounding switches used on cll cabinet
doors and housing openings. All operating controls are grounded. Interlocked
control circuits.
EASY TO MAINTAIN AND SERVICE, Components are readily accessible and
individually removable for replacement and repair.

Continuous Tuning Plate Circuit
e Frequency changes can be made in a few seconds.
e Alternate paths for current around moving parts of cir-
cuit provide high efficiency and cool operation.
o Glass-bonded mica assembly supports inductances by
holding coils rigid —permits precision adjustment of coil
relationship.
o All parts removable and easily accessible to operating .

personnel,

7 # BUNNELLsC.

215 FULTON STREET NEW YORK 8, N. Y.

Research, Engineering, Production, and Testing facilities for equipment for: Wire Lines * Sub-

BUNNELL—a key word in
N . R . marine Cables * Railroad Communication * Radio Airway Systems * Municipal Signaling
communications equPmenf Army and Navy Signaling * Carrier Current ° Automatic Telegraph ¢ Facsimile
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Figure 15

General view of an f-ma-m horizontal isolator
installed at WENS-WELD,

IN THE INITIAL installment' appeared

a discussion of the :nstallation of the

insulated section en the tower which
is effected by the use of insulated
nounting clamps and support brackets.
These supports are designed to apply
stresses to the parcelain insulators so
that the porcelain is always in com-
pression,

It was pointed ont that when the
insulated :ection of line is installed on
the ground, it may ke done in several
ways.  The simplest is merely to
mount the {f-m line on standoff in-
sulaters for the proper distance away
from the tower base. This method has
the disadvantage that the line, form-
ing one cenductor of an unshielded.
unbalanced transmission line section,
will radiate at the a-m frequency,
which will distort the a-m radiatior
pattern. Furthermore, this radiation
is very difficult to control, making ad-

Figure 16

One seetion of cover removed to show construction of f-m/a-m

isolator.

20 »

Part 11 of Discussion of Materials, Components, Accesso-
ries and Methods Used in Installation of Coaxial Trans-
mission Lines from Transmitter to Antenna. Assortment
Includes Special Gas Barriers, Inner Conductors and Line
Supports, Elbows, Mounting Fittings, Clamp Connectors,
Flanges, Reducers, Pressure Controls, Isolators, etec.

by J. S. BROWN

Assistant Chief Engineer
Andrew Company

justment of direction arrays very dif-
ficult. Usual practice is to stimulate
a coaxial line section, in which the
fm line forms the inner conductor.
The outer conductor may be either a
wire cage or a metallic hood enclos-
ing the f-m line.

Photographs of such an installation,
made at WBNS-WELD, Columbus,
O., are shown in Figures 15, 16, and
17. This particular installation accom-
modates two 314” lines. Figure 13
shows a general view of the bazooka.
Figure 16, showing one section of
cover removed, illustrates the tvpe of
construction. The transmission lines
are supported on a stair channel bv

ICOMMUNICATIONS: November, 1947,
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standoff  insulators. The hood is
formed of 1/16” thick aluminum sheet,
and is attached to the stair channel
by means that allow easy removal for
maintenance, The view shows an ex-
pansion joint in one of the lines. Fig-
ure 17 shows the tower end of the
isolator.

IExpansion of the line and enclosure
must be taken into consideration, so
the lines are supported so that they
may slide. The line is rigidly anchored
at the shorted end of the section, and
again at the tower end, with an expan-
sion joint in the middle of the run.

The insulated section, either when
mounted on the tower or on the
ground. is often made slightly less

Figure 17

Tower end of section of f-m/a-m isolator. Note compensated right
angle junction box.




than a quarter-wave iong, and a vari-
able capacitor is connected across the
open end of the line for use in making
the final adjustment. In Figure 17, the
housing directly beneath the end of
the hood contains a variable capacitor
used for this purpose.

Many miscellaneous fittings are re-
quired to meet the requirements of a
complete installation. When a 20’ sec-
tion of line must be cut in the field, it
1s necessary to provide a solderless fit-
ting that will take the place of the
flange that was cut off. Such a device,
called a clamp connector, is illustrated
in Figure 18,

Reducers are sometimes required,
when it is necessary to join lines of
different sizes. This occurs often at the
transmitter output. A particular in-
stallation may require a transmission
line of larger size than that of the
output stub on the transmitter, because
of transmission line efficiency require-
ments. The reducer, shown in Figure
19, is intended to connect 314" and
158" lines together.

In order to pressurize the line, gas-
tight end terminals must be ued. Two
types may be used. Figure 20 shows
one, more properly called a gas bar-

rier, intended for imstallation in a line
where mininmmum retlections are desired.
Special attention has heen given to
maintaining  electrical continuity. A
second type of end terminal is shown
in Figure 21. This terminal is de-
signed for outdoor use. for such appli-
cations as connections to antennas.

Provision must be made for intro-
ducing the dry air or nitrogen with
which the lines are pressurized. This
is, of course, usually made at the
transmitter end of the line. It is also
necessary to provide a means of open-
ing the line at the far end. in order
to bleed the line. By this means any
moisture that mav enter the line may
be removed by allowing dry air to blow
through the line and evaporate the
moisture.

The foregoing has been an attempt
to describe standard lines and fittings.
Special assemblies and accessories
galore are required for specific instal-
lations, as might be expected when
the multiplicity of various field condi-
tions 1s considered. Some of the

specials are required only once—others
prove to bhe of great utility and be-
come standard items.

Figure 18 (above)

Clamp cornector, for use when 20° section of
line must be cut in the field

Figure 19 (left)

to 15 7. Note sliding flange on
small end.

Reducer, 3'3

Figure 20 (below)

Gas barrier (sectioned) for installatian between
two standard flanges.

Figure 21 (left)
End terminals for outdoor use.

Figure 22 (below)

Gas inlet fitting, to be installed between standard
line flanges.
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Zo* gm TRANSMISSION
LINE TO REGEIVER

Cathode-Follower

BROADBAND
CONE
/ ANTENNAS

d>32

4
T

To Receiver

Figure 1 (above)
Array of conical elements. Li = L2+ n\ and

Ls = Lz + kX, where » and % are integers which
will give brondsxde urruy, but to work over a
wide band » — k£ — 0 is necessary.

Figure 2 (left)
Simplified circuit of the cathode-follower dipole.

TV-Antenna System

Antenna Array Operates in the 44 to 88-Mc and 175 to
216-Mc Bands, with a Standing-Wave Ratio on Transmis-
sion Line Always Less Than 2:1 and with a Gain at All

Frequencies.

by E. G. HILLS

Division Engineer
Belmont Radio Corp.

THERE HAS LONG EXISTED the need for an
antenna that will receive from the same
direction over a wide band (several oc-
taves) of frequencies with a limited beam
width. This need has become more pro-
nounced with the accelerated advance in
television use in the 44 to 88 and 175 to
216-mc bands.

As the frequency of operation of a
directive antenna is changed, the two most
important propertics of the antenna to
change are: (/) Its beam of radiation or
reception changes in beam width, direc-
tion and various side lobes appear and
disappear; (2) its input impedance
changes.

Certain antennas such as the non-
resonant wire antenna,’ the non-resonant
I antenna,? the rhombic,® and various an-
tennas built up of conical elements, have
impedances that remain substantially con-
stant over several octaves of frequency.
In all of these antennas, a variation of
frequency of over one octave causes the
beam to change direction or broaden.
Although a conical antenna may have
gain over wider ranges, it is not very
considerable. Other antennas such as

horns, or radiators feeding into parabolic
reﬂectors can be built to have good gain
in a given direction but suffer from input
impedance variations as the frequency is
changed much over an octave.

It would, of course, be possible to build
up an array of double cone antennas, as
illustrated in Figure 1, to operate say as
a broadside array if the spacings of the
individual elements were great enough
that mutual impedances between the ele-
ments would not alter the phases or am-
plitudes of the cone currents appreciably.
This spacing would have to be of the
order of three wavelengths* at the lowest
operating frequency of the array and, as
the gain of an array of given length goes
down rather rapidly as the spacings be-
tween elements is increased, the efficiency

1Harold H. Beverage, C. W. Rice, Ed. W.
Kellogg, The Wave Antenna—A New Highly
Directive Antenna, Trans. AIEE, Vol. 42, p.
215; 1923.

P, S, Carter, C. Hansell N, E. Linden.
blad, De‘uelopment of Directive Transmitting
Antennas by RCA Cowmunications, Inc., Proc.
IRE, p. 1773; Oct., 1931.

3E. Bruce, ‘A C) Beck, L. R. Lowery, Hori-
zontal Rhombic Antennas, Proc. IRE, p. 24;
Jan., 1935,

4P, S. Carter, Circuit Relations in Radiating
Systems and Applications to Antenna Problems,
Proc. IRE, p. 1004; June, 1932.

55, A. Schelkunoff, 4 Mathematical Theory of
Linear Arrays, Bell System Technical Journal;
Jan., 1943,
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of use of the space occupied by the array
would be very low. Another factor enters
the picture when considering the use of
conical elements. For a double cone to be
of substantially constant input impedance
its overall length must be of the order of
a half wavelength at the lowest operating
frequency. As the frequency is increased,
the action of the double cone antenna is
something of a compromise between that
of a long wire antenna and the biconical
horn antenna. Its beam tends to broaden
and split into separate lobes which radiate
in directions which move farther from the
normal to the axis of the cone as fre-
quency is increased. Since the radiation
pattern of a transmitting array, or the re-
ception pattern of a receiving array, may
be considered to be the products of the
patterns of one of the array elements, and
the pattern of the same array made up of
isotropic radiating or receiving elements®
the reception from the broadside array
would be low at the frequency at which
the double cone elements had nulls in their
patterns in the desired direction of recep-
tion. This, of course, could he remedied,
if the desired impedance characteristic
could still be obtained, by tilting the axes
of the two conical elements making up
cach dipole with respect to each other.

Array Band with Limitations

Before going into the reasons for oper-
ation of the array to be described, it will
be useful to examine the operation of a
conventional array of dipoles as the fre-
quency of operation is changed. Let us
assume a broadside array of e¢lements car-
rying equal currents, in which the differ-
ent elements are fed from a common
transmission line junction through trans-
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mission lines, the lengths of which differ
by integral multiples of a wavelength.
Since the voltages at the ends of these
transmission lines would all be in phase
if the lines were terminated in identical
loads it is necessary (except for the casc
of 90° lines) that the elements all present
the same complex impedances to their re-
spective lines, when connected to these
lines, in order that equal, in-phase, cur-
rents flow in the elements. In order that
the element impedances be equal when
arranged in the array, the elements must.

the various transmission lines change such
that they no longer differ by integral mul-
tiples of wavelengths. Even if at a new
frequency the dipole input impedances

were still identical, their currents would

have changed relatively because of this
change in relative clectrical lengths of the
transmission lines, with resulting deterio-
ration of the array reception pattern.

The radiator input impedances, how-
ever, do change as a result of two effects
with resulting aggravation of the radiator
current non-uniformity. One effect is that

s

A | —=][B
= :

8 /
92m i

176 mc

STRAIGHT DIPOLE

'i?5hc' o

BENT DIPOLE

of course, be in general different from
each other, because if they had identical
impedances, when isolated from the other
elements, the mutual impedances between
the elements when placed in the arrav
would alter the element input impedances.
so that they would not be identical.

As the frequency of operation of the
array is changed, the electrical lengths of

the impedances of the radiators if isolated
change, in general, with frequency and
the other is that the mutual impedances
between the radiators when placed in the
array change with frequency.

To summarize the reasons for deterio-
ration of an array's operation with fre-
quency change, one has () change of
electrical lengths of radiator feed trans-

300 n
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DIPOLE

56,0000

+I150V.
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Figure 3
Cathode-follower dipole for the television bands.

mission lines, (2) change in element feed
point impedances when isolated from other
elements, (3) change in mutual impedances
between radiators when placed in an ar-
ray, and (4) change in number of wave-
lengths in physical spacings of the array
clements.

The effects of the first and fourth type
of changes can be overcome together, not
ouly for a broadside array but for an end-
fire or any other type of array, in which
the signals received from the various ele-
ments are added together in phase at the
various transmission line junctions as is
often the case in high gain arrays. This
can be done by making the total electrical
length of the composite path (through
free space and transmission line) that the
signal must travel from the distant trans-
mitting source to the output terminals of
the array, the same regardless of which
element, with its corresponding transmis-
sion line, the signal is considered as trav-
eling. For the case of a broadside array,
this would merely mean the making of all
of the transmission lines from the array
terminals to each element in the array of
equal electrical length. By this is meant
signal length, not phase length, as the
phase lengths could be equal at any one
frequency if different transmission lines
differed in length by integral multiples of
full wavelengths, while the distances a
signal would actually travel in the differ-
ent lines would be unequal.

The above choice of transmission line
lengths insures that the signals from the
various elements will reach the receiver
all in phase at all frequencies, but does
not insure that any transmission line sec-
tion, that may be used in the capacity of
a transformer, will operate regardless of
frequency. This will not be the case, so
the array must be designed using no
transmission lines as transformers for
impedance matching. Instead elements of
the proper impedances must be used in
various parts of the array and the lines
leading to them must be matched to the
elements. This is because the only trans-
mission line acting as a transformer, that
has the same transformation ratio regard-
less of frequency, is one having a 1:1
ratio at all frequencies, or, in other words,
a matched line.

The second type of change, that of the
isolated element feed pomt impedance
changing with frequency, has been over-
come in any of the broad-band antennas
in use at present, such as those using
conical clements. It has also been over-
come in the cathode-follower antcnna sys-
tem, which will be analyzed in this paper.

The third change, that of the mutual
impedances between elements of an array
changing with frequency, can be mini-
mized in its effect by placing the ele-
ments so far apart in space that the mu-
tuals existing between them are negli-
gible. 'This, as was mentioned earlier,
causes the array to be very wasteful of
space. A second method is that of reduc-
ing the currents flowing in the various
elements to such low amplitudes that

Figure 4 (left, center)
Cathode-follower dipole reception patterns.

Figure 5 (left)

Balanced cathode-follower circuit.
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there is no appreciable voltage induced in
an element by current flowing in another
clement, compared to the voltage induced
in the element by the incident wave being
received. This reduction of current flow
can be accomplished by terminating the
receiving clement in an impedance much
greater than its feed-point impedance.
This has the undesirable effect, of course,
of reducing the efficiency of power trans-
mission from the receiving clement to its
transmission line, a point which will be
considered in another portion of this arti-
cle. This element current reduction is,
however, accomplished in the cathode-
follower dipole.

Figure 6
A 12-dipole array.

Cathode-Follower Antenna

Figure 2 illustrates a dipole feeding di-
rectly into a cathode follower of such
mutual conductance that the cathode-fol-
lower output impedance matches the
transmission line leading from the dipole,
Disregarding small stray capacitances,
the output impedance of such a cathode-
follower is independent of frequency, and
also independent of the impedance of the .
generator driving it. The transmission
line in the figure will then be matched
regardless of what the dipole impedance
does as frequency is changed. Since the
input impedance of a cathode-follower Figure 7
can be extremely high, Cqmpared to or- Gain and standing-wave ratio of a cathode-follower antenna.
dinary dipole feed-point impedances. as
long as transit time loading does not enter
the picture, the current flow in the dipole
of Figure 2 is very low for all frequencies
for which the dipole length is appreciably
less than a full wavelength. This is true
because the dipole is essentially open-cir-
cuited when the cathode-follower is in-
serted in its center. Because of this low
dipole current, the third type of change
previously mentioned, mutual impedance
change, does not cause a deterioration of
the directivity pattern of an array made
up of cathode-follower antenna elements.
As the cathode-follower does not load the
dipole efficiently, the dipole open-circuit
voltage is applied to the cathode-iollower
grid, giving approximately twice the volt-
age input to the cathode-follower that
would be applied to it if its input impe-
dance matched the dipole internal im-

pedance. Since the voltage output of. a I ] o
dipole increases as the square root of its Array| SW-R
radiation resistance, folding the dipole

doubles the voltage applied to the cath-
ode-follower. 40 60 80 100 120 140
In Figure 3 appears a view of a cath- FREQUENGCY - me¢
ode-follower dipole in which two folded
dipoles were essentially connected in
parallel to the input of a cathode-follower
which is enclosed in the center portion of
the dipole. The two dipoles were ad- Figure 8
justed for the high and low television Transmission line network (m = the dipole total of 27). K = the number of junctions from an ele-
bands, respectively. ment to the receiver, n = the number of lines converding per junction, and m = nk = total number
Figure 4 (a. b and ¢) shows the recep- of dipoles in array. The signal-noise ratio 1n db = 10 log,om.
tion patterns taken with the dipole of IFig-
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ure 3, in which the two halves of the di-
pole were colinear. Parts d. ¢ and f of
the figure show the reception patterns
taken with the two halves of the dipole
bent so that they make angles of 130°
with each other. This was necessary in
order that the dipole receive from the
same direction at all frequencics of in-
terest.

Cathode-Follower Circuit

In the circuit, Figure 5, two cathode- &
followers are used in a push-pull arrange-

(Contimed on page 30)

To Receiver
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Typical grounded-grid amplifier circuit for the GL-9C24.

V-H-F Tube Design

Two TYPES OF v-H-F tubes, with quite
a few unusual features, have been an-
nounced recently. One, the GL-9C24*
especially designed for use as a high-
power grounded-grid amplifier, fea-
tures an introverted anode and the
ring-seal design. Inside the tube a
conical flange connects the grid ring
to the grid basket. This flange pro-
vides a long plate-to-filament capacity
(less than 0.6 mmfd) and, as a result,
no neutralizing is necessary up to 100
mc.

In Figure 1 appears a typical output
circuit using the tubes. No swamping

or grid-loading resistor is required,
loading being controlled by adjust-
ment of the ratio of anode and filament
variable capacitors.

These tubes are being used in pairs
in tv transmitters,
peak power in the linear class B out-
put stage.

The tube is water-cooled by eight
gallons per minute through the anode
and one quart per minute through the
filament. The glass seals are air
cooled.

The 5618

Another v-h-f tube, a filament-type
miniature pentode (5618%*) developed

Table 1

Preferred types of ¢-r and camera tubes.

Screen . ‘Scope Camera Mono-
‘ Size i Types Types scope
Directly Projec- PI
(Inches) I7iewed tion Screen .
2 | 2BP1 5527
3 3KP1 2P23
| 5655
5 | 5TP4 5UPI 2F21
7 7DP4
i 7JP4
.8 I 1850-A
10 10BP4

26 o
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providing 5-kw’

particularly for mobile and emergency
communications, has a maximum: plate
dissipation of 5 watts and can be op-
erated with full iuput to 100 mc

The filament is of the mid-tapped
coated type which can be operated on
either 6 or 3 volts, within an operat-
ing range of 1097, and is said to be
ready for operation in less than one
second after power is turned on.

The 3618 can be used as an a-t
power amplifier and modulator (class
A.), r-f power amplifier and oscillator
{class C telegraphy) and r-f power
amplifier (class C {-m telephony), as
well as a frequency multiplier.

Filament Arrangements

In class A, use, the d-c plate voltage
is 300, d-c grid (No. 2 screen) volt-
age is 125 and grid No. 2 input is two
watts, while the plate dissipation is 5
watts. These are maximum ratings
(absolute value) for intermittent and
commercial amateur service. In this
application, either series or parallel
filament arrangements can be used.
With either filament arrangement, the
d-c plate wvoltage is 250, d-c grid
(No. 3) voltage is zero, d-c grid
(No. 2) voltage is 75, d-c grid (No. 1
control-grid) voltage is —8 and the
peak a-f (grid No. I to grid No. 1)
voltage is 8.

The maximum signal power cutput
with the series-filament arrangement
is 1.2 watts. With the parallel ar-
rangement it is 1.4 watts. The effec-
tive load resistance (plate-to-plate) is
12,000 ohms.

When the tube is used as an r-f
power amplifier and oscillator?, 300
volts can be used on the plate at either
40 or 80 mc. The useful power out-
put in this arrangement at 40 mc is 5
watts and at 80 mc, 4.5 watts.

Plate voltage of the 5618 wher used
as a doubler or tripler to 80 mc iz also
300. The useful power output of the
tube when it used as a doubler is 314

*G. E,

**RCA.

1Key-down conditions without amplitude modu-
lation. Modulation essentially negative may be
used if the positive peak of the a-f envelope does
not exceed 1159 of the carrier conditions.




Design and Application Notes on 5-Kw TV Tube, V-H-F
Miniature Power Pentode and Image Orthicon for Studio

and Field.

watts, and 2.7 watts for tripler cpera-
tion.

Approximate driving power for the
5618, in doubler or tripler application,
is .75 watt.

Camera Tubes

AN IMAGE ORTHICON, particularly de-
signed for studio use and other appli-
cations employing artificial illumina-
tion, is now available. The tube, type
5655%%* differs from the 2P23 in that
its photocathode has practically no
infrared sensitivity, its resolution is
comewhat better and its signal-to-
noise ratio has been improved about

not respond to infrared, colors are
porirayed with more satisfactory
gradation under a suitable combina-
tion of fluorescent and incandescent
illumination. It does not, however,
cover as wide a light range as the
2P23.

Relatively small in size like the
2P23, the 5655 can be used in com-
paratively light-weight portable tele-
vision cameras.

The 5655 is mnot directly
changeable with the 2P23.

inter-

Preferred Tubes
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Figure 2

Spectral sensitivity characteristics of the 5655,
for equal values of radiant flux at all wave-
lengths.

tors and cathode-ray and camera tubes,
has been announced**** These list-
ings, shown in tables I and 2, cover
pentodes, beam types, tetrodes and
triodes, and picture, ’scope and camera
tubes and monoscopes.

twice. Since the photocathode does A LIST OF PREFERRED TYPEs of tubes, ~
TIRRCA. including power amplifiers and oscilla- *:*Prepared by the tube department of RCA.
Table 2
Preferred types of amplifiers and oscillators.
Maximum Input Power vs. Frequency
Type Class Values shown are class C telegraphy ratings for continuous commercial service
1.6 7.5 15 25 50 75 110 150 200 250 300 600 mc

802 | Pentode 25 25 25 25 20 16 ... .. watts
2E26 Beam 30 30 30 30 30 30 30 25 e aag watts
832-A* Beam 36 36 36 36 36 36 36 36 36 32 watts
2524 Beam 40%*  ADWF 40%F  40%F 40%F 40Kx dOxx 33 watts
807 Beam 60 60 60 60 60 50 40 et e .. . e watts
815* Beam 60 60 60 60 60 60 60 55 40 .. e ... watts
8025-A Triode 75 75 75 75 75 75 75 75 75 75 75 75 watts
829-B* Beam 120 120 120 120 120 120 120 120 120 105 . - watts
826 Triode 125 125 125 125 125 125 125 125 125 125 100 watts
812 Triode 155 155 155 155 155 125 watts
811 Triode 155 155 155 155 155 125 watts
828 Pentode 200 200 200 200 160 130 watts
8005 Triode 240 240 240 240 195 .. .. ... .. . . ... watts
5588 Triode 250 250 250 250 250 250 250 250 250 250 250 250 watts
813 Beam 360 360 360 360 300 e e . e e e ... watts
8000 Triode 500 500 500 500 400 300 watts
4-125A/

4D21 Tetrode 500 500 500 500 500 500 500 500 425 335 watts
6C24 Triode L5 1.5 1.5 1.5 15 L5 1.5 15 e kw
833-A Triode 1.8 1.8 18 1.75 1.5 1.2 - .. .. kw
7C24 Triode 5 5 5 5 5 5 5 - - kw
8D21* Tetrode v 10 10 10 1o 10 10 1o 10 10 10 kw
889R-A Triode 16 16 16 16 12 9.6 e e .. kw
889-A Triode 16 16 16 16 16 14 11 8 kw
892-R Triode 18 135 10.3 . kw
892 Triode 30 225 17 ... . . ... kw
9C25 Triode 40 40 40 40 25 25 25 kw
9C27 Triode 40 40 40 40 25 25 25 kw
5592 Triode 50 50 50 50 50 44 kw
9C22 Triode 100 91 80 70 kw
9C21 Triode 150 150 150 105 kw

*Twin type. Input values per tube for push-pull operation.
**ICAS rating. This type is recommended only for applications of a high intermittent nature.
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Nos. 10035 and 10039
Multi-Scale Dials

A pair of truly "Designed for Applicotion”
controls. Large panel style dial has 12 to 1
ratio; size, 812" x 6'42"’. Small No. 10039 has
81c 1 ratio; size, 4’ x 34", Both are of com-
pact mechanical design, easy to mount and
have tatally self-contained mechanism, thus
eliminating back of panel interference. Pro-
vision for mounting and marking auxiliary
controls, such as switches, potentiometers, etc.,
provided on the No. 10035. Standard finish,
either size, flat black ort metal.
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H-F Broadcast Transmitter
(Continned from page 13)

[capacitor rod. Here, too, we used the
silver spring contact assembly to carry
the tank current around the moving
parts.

Figures 3 and 4 which show the as-
sembly ready for packing do not show
the actual relation Dbetween capaci-
| tance and inductance. In actual oper-
ation the capacitor is closed when the
spider is at the hottom of the coil and
| does not short any portion of it. \Vhen
the spider is all the way up, shorting
ten turns of the coil, the capacitor is
completely unmeshed.

| Test Results

By providing alternate paths for
current around the moving parts of the
assembly, overall efficiencies of about
70% were obtained during tests. After
operation for several hours, it was pos-
sible to turn the transmitter off and
touch any part of the circuit. The
|lemperature rise over the ambient in
this portion of the amplilier was 5° C.

Tuning tests also proved that rigid
support of the coils and their low tem-
perature  prevented  detuning  aiter
hours of continuous operation.

®

' TV Lenses
' (Continued from page 16) |

|zaleulated for the center of the photo
cathode; ie. © 0°,

(B) Angle of 17iew: The angle of |
Iview at infinity focus will be solelv a
function of focal length, for a siven
width of mosaic. Thus for the 2P23
the angular field of view we have the‘
I plot of Figure 2. The width of mosaic |
assumed is 1287, height 96" to give a |
maximum diagonal of 1.6”. For con- |
venience, the angular field of view ¢,
and ¢, are given for horizontal and

vertical tields, respectively.

(C) Racking Distance: To aid in
camera design the imechanical move-
| ment of the lens must he known. From
equation (/&) it can seen that for |
an object at infinity, » is infinire and |
the racking distance R is zero. As the |
|object comes closer, 1 decreases and K
increases; thus for fixed mosaic posi- |
tion the lens travels towards the object
as the object approaches irom inlinity.
In Figure 3 the variation of R as a
function of # is given,

It it is not required to have the ob- |
ject closer than 1017, then the lens need |
never be racked more than .1F.

(D) Deptlr of Field: Depth of field |
is a figure which cannot be readily
|graphed for the 2P23 as a particular
case, because of the large number of |

(Continuned on page 29) ’
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Figure 10
Tuning chart of the plate circuit. With coil-
switch C out, curve A prevails, and with the coil
switch in, we have curve #. This coil switch is
composed of two shorting bars mounted on glass
bonded mica supports. Its purpose is to short
circuit three turns in the plate tuning coil and
one turn in the output coupling coil.

ANOTRER ‘ZZecue BROWNING DEVICE
—

FREQUENCY METER
MODEL S-4

Hand-calibrated for up to
five frequencies in 1.5 to
70 MC range. Accuracy
+ .0025%, of specified
frequency. AM or FM.

Frequency meters. WWYV standard
frequency calibrator Oscilloscope.
Power supply and square wave
modulator Capacitance Relay. FM-

AM Tuners. FM Tuner.

KNOW THE ENTIRE

BROWNING LINE
ENGINEERED for ENGINEERS

WRITE TO

DEPT. A
FOR

CATALOG

(BL) BROWNING s e
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parameters involved. Analysis of a
tvpical case follows, using the graph
of H versus d, as shown in Figure 4.

Typical Example

Analyzing a typical case. we will
use a lens with an
F

f

Jmin —

0"
24

From the hasic design and 2123 data
the following results can be obtained:
(@) From Figure 1 we (ind that this
len~ will provide =satisfactory
operation (i.e. .. = 0.1 1/it*)
for values of scene lununosity
from about 3 lumens per foot?
at /2.7 to about 1000 lumens
per foot” at £/3Y.
covers the range of outdoor illu-
mination levels for ordinary use.
From Figure 2 we find that @
field of view of 9° vertical by
12° horizontal will he obtained.
From Figure 3 we sce that a
racking distance of .67 will he
' required to cover object  dis-
tances from infinity to 3. 1 we
are permitted a total of lens
movement of 17 @ near distance
i of 3.27 can be tolerated. At 3
the horizontal tield correspond-

ing to 129 iz only 103"
{d) To use Figure 4 we must caleu-
late . hased upon the 1 — num-

her. Using equation ()

This casily

(b

~—

=

(c

f/- d 1/
L7 DD 2307
10 0.0" 70

The value of H corresponding to «
above can be found Irom Figure 4 and
the angle of view of 12°0 The depth
of ficld for these two aperture settings
can then be tabulated for <pecific ohject
distances:

S = Obj. distunce I, r,
[ 1407 -
£/2.7...... o’ e 150/
[ 2.5 01"
Lo .63 10.4
( 7 35' o
10, ..., 1w 35 %
4 boos 29.2° 175
Loy 873 11.7

If the object distance exceeds the
hyperfocal distance. then the camera
may be focused for the hypertfocal dis-
tance  with  acceptable  results: any
other focus distance between / and
infinity will result in no improvement
in focus inasmuch as the resultant cir-
cle of confusion will always he within
the allowable limit,

References

1Devore and lawms, Some Factors Atfecting
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of TRE: August. 1940,
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MASS PRODUCERS OF ANBEFRINAS
CE THE START QR-SRDADCASTING

Be assured of maximum reception and trouble-
free operation with Brach FM & TV antennas. They are
recommended for their simplicity, ease of installation
and durability by service-men, installation engineers
and dealers. Brach features a complete line, engi-
neered for maximum performance and to meet all
individual problems and requirements.

All antenna kits are complete, containing a five
foot steel mast, non-corrosive aluminum elements,
ample down-lead, all necessary hardware and the
Brach Universal Base Mount which permits a 360°
rotation of the mast to any position on any type of
building after the mount has been secured. Guy wires
are also included and give complete protection and
stability to the installation.

Brach antennas feature a low standing wave
ratio for peak reception and can be obtained to cover
all channels from 44 to 216 MC. Each type of antenna
has been tested to give a uniform pattern over the
frequency range specified.

ATTENTION, USERS OF PRIVATE BRANDS

L. S. Brach Mfg. Corp., experienced in the de-
velopment and manufacture of all types of receiving
antennas, offers engineering and mass production
facilities for the design and production of antennas
to individual specifications.

SEND FOR CATALOG SHEETS

BRACH CROSS DIPOLE
FOR FM #346
88-108 MC

BRACH MULTI BAND
FOR FM & TV #1344
44.108 MC 174-216 MC
(Accessory Reflector Kit
#344-R as llustroted)

BRACH BROAD- BAND
FOR FM & TV #1338
44108 MC
174-216 MC

JAAS

BRACH STRAIGHT DIPOLE
FOR FM #334 88-108 MC
FOR TV #333 44-88 MC
Acessory Reflector Kit—
For FM #334-R
Accessory Reflector Kit—
For TV #333.R

L

fr—

! : i

BRACH STRAIGHT DIPOlE
SHOWN WITH REFLECTOR

8RACH FOLDED DIPOLE
FOR FM #335 88-108 MC
FOR TV 337 44.88 MC
Accessory Reflector Kite—
For FM #£335-R
Accessory Refiector Kit—
For TV 3#337-R

BRACH
UNIVERSAL
BASE MOUNT

L. S. BRACH MFG. C[lRP

MEWARK :

200 CENTRAL

AVE.,

WORLD'S OLDEST AND LARGEST MANUFACTURERS OF RADIO ANTENNAS AND ACCESSORIES
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Here's the latest addition to the complete Allied line of versdtile power
relays. Designed by relay experts and carefully manufactured by experienced
craftsmen, it surpasses the strict performance standards set for the "DO" which

it replaces.

Accurately machined, iron-to-iron hinge pieces to frame mean lower magnetic

ALLIED
“PO” RELAY

A Medium Power Relay

loss. Machine-ground pole-piece provides perfect armature seating.

Other features:

® Contact rating (non-inductive) 15 amperes at 24 volts
D.C. or 110 volts A.C.

® Operating coil voltages up to 220 volts A.C. and 120
volts D.C.

® Available in contact arrangements of 3, and 4 poles—
either normally open, normally closed or double throw.

The Allied "PO" Relay has been designed with Under-
wrlfers Spec:ﬁcuhons in mind and engineered for greater
"relay-ability”. Write for complete information on this
and other standard relays. We also invite inquiries on
any relay problems you may have.

DIMENSIONS

Three Pole
Height—233"
Length—1 13/16”
Width—I1"

Four Pole
Height—233"
Length—1 13/16”
Width—2 1 /16"

. ALLIED CONTROL COMPANY, Inc.

2 EAST END AVENUE = NEW YORK 21, M. Y.

MICROPHONES

The ultimate in microphone quality,
the new Amperite Velocity has proven
in actual practice to give the highest
type of reproduction in Broadcasting,
Recording, and Public Address.

The major disadvantage of pre-war velocities has

been eliminated—namely “bhoominess” on close
talking,

[ ] Shout right into the new Amperite Vz)[onty—or stand
2 feet away—the quality of reproduction is always ex-
cellent.

® Harmonic distortion is less than 1%. (Note: hest

i
F
i

(Best studio diaphragm micro-
phones diserimination
8009 higher.)
® One Amperite Velocity Micro-
phone will pick up an entire
symphony orchestra.
STUDIO VELOCITY, finest
In quality; ideal for Broad-
casting and Recording
Models R80H-R80L . List $80.00

There is an Amperite Microphone
r y for every requirement.
hecic WRITE FOR ILLUSTRATED

w8 Dynamic  4.PAGE FOLDER giving full

attention Dept. C
561 BROADWAY NEW YORK
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AMPERITE m;

studio diaphragm mike is 5009, higher.) Amperite
& ® [Practically wo angle discrimina- V'elocitthMic;o;:’hones
t 120° or Public Address
S frogrand back Models RBHG, RBLG

List $42.00

Kontak’” Mikes

i 5 Model SKH, 1i i
List $32.00 information and prices. A KKn_ Hfsi My

aares v AMPERITE (ompan
A (empany,

In Canada:
Atlas Radio Corp.
560 King St. W.

Torento, Ont.

Cathode-Follower
(Continued from page 25)

ment so that a balanced dipole could be
used to feed a balanced transmission line.
This dipole was used with a balanced
three-wire 240-ohm transmission line.
Filament voltage for the two tubes was
fed up the two outer wires through r-f
chokes and the plate voltage was fed up
the center wire. Two 300-ohm resistors,
in the plate circuits of the two tubes, were
used to decrease the effect of the plate-
cathode capacitances of the tubes. With-
out these resistors the series combination
of the plate-cathode capacitances would
shunt the transmission line and keep the
line from being terminated properly. The
effect of these resistances on the effective
mutual conductance of the tubes was neg-
ligible, as they had the effect of increas-
ing the tube-plate resistances by very
small percentages. The standing-wave
ratio on the transmission line steadily in-
creased from 1.1:1 at 40 mc to 1.7:1 at
220 mc. Iigure 7 shows a curve of the
gain of this dipole over a 290-ohm folded
dipole cut for cach frequency measured.

Twelve Element Array

IFigure 6 shows a view of a 12-element
array of the dipoles just described. This
array occupied a space of & x 8 x 20'.

The dipoles were divided into four
groups of three each, with the dipoles of
each group connected in parallel at the
junctions of their transmission lines to
75-ohm transmission lines. These {four
75-ohm transmission lines were connected
in series to the junction of the main 300-
ohm transmission line to the receiver.
The gain and standing-wave ratio on the
300-ohin transmission line for the twelve-
dipole array also appears in Figure 7. It
can be seen that there is very little gain
in the 120-mc region. This is probably due
to two factors; one, the individual dipoles
had very low gain at this frequency, and
twa, the input admittances of the cathode-
followers began to be appreciable at these
frequencies causing dipole loading with
the result that the mutual impedances be-
tween dipoles began to throw off the
phases of the various dipole signals. This
second effect probably accounts for the
fact that the gain in the high television
band was not as high as might have been
expected from the gains of the individual
dipoles.

Noise

The introduction of vacuum tubes into
the antenna introduces a source of noise
not present in antennas made up entirely
of passive elements. Let us assume an
antenna of 72-ohms radiation resistance,
of negligible loss resistance, and of nar-
row beam-width, made up entirely of pas-
sive elements. If this antenna were point-
ed toward the sky in a direction from
which little celestial radiation emanated.
very little noise voltage would appear at
the terminals of the 72-ohm antenna. It
would thus appear to be a 72-ohm re-
sistor at an extremely low temperature,
so iar as thermal noise was concerned.
On the other hand, if the hypothetical an-
tenna were pointed at the side of a moun-
tain, the soil of which had a resistance of
377 ohms per square, an amount of the
thermal noise being radiated by the moun-
tain would be received by the antenna.
Accordingly the noise voltage available




at the terminals of the antenna would
then indicate that the antenna was a 72-
ohm resistance at the temperature of the
mountain.

In addition to the above type ol noise,
the cathode-follower antenna has the noise
generated in the tubes themselves. It can
be shown that this tube noise decreases
relative to the signal, so that the signal-
to-noise ratio increases as the number of
cathode-follower antennas in the array is
increased, provided the array is of the
wpe in which the signal energies are all
fed together in phase at the various trans-
mission-line junctions.

In Figure § a transmission-line network
connecting 27 dipoles of an array to the
main receiver transmission line is shown.
[n the figure the lines dircctly irom the
dipoles are shown divided into nine
groups of three lines each, with these nine
groups further divided into three sub-
groups of three each. Obviously the divi-
sion could have been made in many other
manners. In any network. such as shown
in the figure, where n is the number of
lines converging at any one junction into
a single line, and where & is the number
of junctions through which energy must
pass on, going from a dipole to the re-
ceiver, the total number of dipoles in the
array will be »* = m. Since noise energy,
which is random in phase and frequency,
upon reaching any junction not only goes
down the main feeder into which the vari-
ous lines connect, but also goes back up
<ome of the other lines, only a part of the
noise  energy originating in a dipole
reaches the receiver. This is not true of
a received signal, since signals from the
various dipoles are comnected together in
phase at the various junctions and the
total signal energy reaching the receiver
is the sum of the signal energies from the
various dipoles. In addition to this dif-
ference between signal and noise energies
there is another effect that increases the
signal-to-noise ratio. The noise energy
coming down a dipole feed line to a junc-
tion finds that the junction does not match
the dipole feed line, while there appears
to be a match so far as the signal is con-
cerned. This is true because there are
identical in-phase signals coming down
the other transmission lines fecding into
the junction which effectively modify the
mismatch that would otherwise exist and
does exist for the random noise signal.

As an example of the above, let us con-
sider the case of » lines of impedance
R/n feeding into a main transmission line
of impedance, R, with a series connection,
Looking from the main transmission line
into the junction there appears to be a
match. Looking from any one of the n
dipole feed lines into the junction there
appears to be a mismatch., The impe-
dance seen from any feed line is (n - 1)
R/n + R. The standing-wave ratio on
the feed line due to this mismatch would

(n-1) R/n+ R
then be ——
R/n

The transmission coefficient correspond-
ing to this mismatch is

4 SWR 2n-1

= 2n-~1L

(SWR 4+ 1)? n?

for noise.
For unit noise energy actually being
transmitted into the junction from a feed

line, the energy going down the main line
to the receiver is the ratio of the main

€3

(Continwed on page 32)
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We are . . . . because
NOW we can deliver
your COILS

It's lots more satisfactory to be able to say to you:

“Sure we can wind those coils for you and deliver
them promptly.” — than to say: ““Sorry — we can’t get
the wire.”

Send Us Your Specifications For
BOBBINS * PAPER INTERLEAVE - ACETATE INTERLEAVE

COTTON INTERWEAVE + TAPED FORM WOUND
UNIVERSAL SINGLE OR MULTI-PIE CROSS WOUND

Send us your specifications
and we shall be glad to quote.

TO-COIL CO. INC.
_ COIL SPECIALISTS SINCE 1917
65 Pavilion Ave., Providence 5, R. I.
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West Coast Address: P. O. Box 674, Belmont, Calif.
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finish

Engineers and manufacturers will

effect economies with Par-Metal

Products, which are available for

every type of job from a small

receiver to a deluxe broadcast
w. transmitter.,

Professional techniques and years
of specialization are reflected in
the high quality of Par-Metal. .

 CABINETS « CHASSIS
CPANELS « RACKS
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STANDARDIZED
METAL EQUIPMENT

ADAPTABLE FOR EVERY REQUIREMENT

Par-Metal Equipment offers many features, including func-
tional streamlined design, rugged construction, beautiful
plus ADAPTABILITY. Eliminate need for special
made-to-order units on many jobs.

READY-
TO-USE

Write for Bulletin No. 472

High r. f. current carrying capacity

50 amps. max. intermittent load; 30

amps. steady load. Low loss factor.
Sturdy mechanical design . . .
Mycalex insulation.

Furnished in any
A number of
decks.

Manufacturers -of Precision Electrical Resistance Insfruments

335 CENTRAL AVE. ¢ JERSEY CITY, N. J.
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(Continued from page 31)
line resistance to the total resistance seen
by the feed line or
R
(2)
(i-1)R/m4+ R  2n-1
For unit noise energy leaving a dipole
the amount of energy going down the
main line at the first junction i~ then the
product of (I) and (2), or I/n. The
total noise energy from » dipoles is then
n times this or unity. The above process
repeats itseli for each of the % junctions
so that the total noise energy reaching the
receiver is for unit noise energy irom
each dipole, 1’ L. Since the signal en-
ergies reach each junction in phase for
unit signal energy, from each of the n*
n dipoles in the whole array, the total
signal energy reaching the receiver will
stimply be . The signal-to-noise ratio
tor the antenna is then
SNR = 10log,, n db (3)

over what it would be with a single dipole
s0 far as tube noise is concerned. Since
% does not appear in the final expression
it does not matter in what manner the i
dipoles are interconnected, so long as the
signal energies converging at any junc-
tion be equal and in phase, and so long as
the dipole feed transmission line impe-
dances be equal and of such values that a
match i1s seen when looking from the
main line back up into the particular
junction.

Ot course, noise reduction due to the
anfenna not receiving from directions of
high-noise intensity will be the same for
the array of cathode-follower dipoles as
for auny other array of the same reception
pattern.  Improvement in signal-noise
ratio, due to the signal from a high gain
cathode-follower array overriding noise
generated in the receiver. will also be the
same as for any other tvpe of array of
equal gain.

Conclusions

The cathode-follower antenna system
for receiving shows enough promise, so
that further development might make it
into a useful antenna for use over wide-
frequency ranges. Of course it will onl;
he usable for receiving since the tubes will
not pass power in both directions. The big
drawback with both the dipole and the ¢-f
array is that the gain is not what might
be desired. The low gain of the dipole
comes trom two sources. One is that the
tube mutual conductance should be as
large as the transmission line admittance,
if a considerable voltage loss in the cath-
vde-follower is to he avoided by the elim-
ination of a cathode resistor for impe-
dance matching, and the other is that

specially in the high television band,

transit time effects and interelectrode
capacitance cause dipole loading, so that
the dipole open-circuit voltage is not ap-
plied to the cathode-follower input. This
tube loading causes the mutual impedances
between dipoles in an array of cathode-
follower dipoles to adverselv effect the
array operation over a band of frequen-
cies. The desirable tube for this applica-
tion is the same tube that is desired for
many r-i applications, namely a tube of
high mutual conductance and low inter-
clectrode capacitances and low input con-
ductance.  Probably improved cathode-
follower antennas could be built with the
use of lighthouse tubes. The antenna
will alwayvs have the disadvantage of re-
quiring power from some source to oper-
ate 1ts tubes.
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' The Industry Offers
. . (Continued from page 33)
G-R F-M MONITOR

Ar f-m monitor type 1170-\, which provides
{ coctinuous indication of center {reque ney; mete
indication of percentage modulation, o sitive,
negative, or peak-to-peak; and a lamp indica

tion of peaks in excess of a predetermined
percentage, has been anmounced by Generul
Radio Company. 275 Massachnsetts  Avenue.
Cambridge 39, Mass.

| Stability  of center-frequency imlicutim] 15
- comparable with that obtained on a-m menitors
it the standard broadcast band. so that no

| calibration checks need he made during the
opercting day; hence a remote indicator can

An adaptation of the famous RH-7 crystal unit. RH-7C of- | be used at the transmitter enginecr’s desk.
fers such advantages as: | The monitor uses counter-tyve <iserim
inator which permits the use of a low inter
¢ Smaller Size (1" x %" x 11/32", more than Y4 smaller | mediate frequency. Two audio output system-
th RH.-243) arc provided. one for measuring distortion and
(810} B | noise with the type 1932-A distortion and noisc

| meter. and  the other for andio monitoring.
Inl:erent distortion is said to be less than
0.2% and distortions as low as 0.3% can he

v o
Improved Accuracy (can be made to £0.005% over a measured.  Noise level is «aid to be at least

temperature range of — 55° C to+90° C). I 75 db below 100% modulation.

Smaller Weight (Less than % the weight of RH.243)

¢ Greater Frequency Range (3-15 mc Fundamental and |
15-75 mc Harmonic Mode. compared to RH-243"s 3100-
10,000 kc.)}

¢ True Hermetic Seal
¢ The Greater Stability of Wire Mounting
® Completely Imterchangeable with RH-243

REEVES-HOFFMAN
CORPORATI ON

SALES OFFICE: 215 EAST 91 STREET, NEW YORK 28, N. Y.
PLANT: 321 CHERRY STREET, CARLISLE, PA.

FO R PU B I,I c DUMONT HI-Q C:A;A'CITORS

A high-Q capacitor, which i3 said to have a

f

A D DR ESS leakage resistance of better than 4 million
l '’ | megohms and a power factor of .01% has been
| r developed by Dumont Electric Corp., 34 Hu

- & |  bert Street, New York.
a n d '( n d re d fIE’ d 5, Available in capacity ranges from 5 to 100.000

ANOTHER 7/ecee BROWNING DEVICE
mi—

mmfd in 500 to 10,000-volt ranges.

FM TUNER
MODEL RV-10 Nl J o N E S sgnolgs TRIPLETT ILLUMINATED-DIAL

I
l
SIGNAL GENERATOR
Plucs & socKETs ’ A signal generator, model 3432, with an illum

inated dial, and five fundamental ranges of

Small, compact, easily ing X
. 5, ’ = | 65 ke to 40 mc and two harmonic ranges (i
mounfed h|gh ﬁdellfy FM £ y X of RovEn q'uuhl'y. ‘ recll; calibrated from 3(‘: to 120 me. ;1.|~ l»(tcln

. announced by The Triplett Electrical Instrn
tuner. Armstrong FM cir-

ment Co., Bluffton, Ohio.
Circuit selector provides for internally mad

socket contacts

bronze 1 sig S A

. N osphor ulited signal (variahle 0 to 100% at 400 cyeles.)

Culf. Range. from 88 1'0 phd I p\o'ed I Variable amplitude of external madulation &
m ts hard to 15000 cycles: unmodulated signal or variable

108 MC.

Plug contac

audio 0-10 volts at 400 cyeles.

brass codmivm® | * ox o
' plated, Insviotion | PRD SLOTTED SECTION AND PROBE
molded bakelite Slotted section and probe comhinations. feifine
Frequency meters. WWYV standard kets ing fncnon driven  probe C(ulltL(‘i supnorted

Plugs and sO¢

by spring-loaded ball hearings have hecn an
nounced hy the Polyvtechnic Research and D
velopment Co., Inc., 66 Court St.. Brooklyn,
N. Y T%armg: roll in  precision gromd
giooved runways made from  hardened tool
«tcel.
Slotted scctions and all units of PRI micro
l wave test &qulpmcnl line are available in all

Po\onzed- 2, 4, 6,
8, 10, 12 contacts
wi
s'ee| caps
baked black
crackle enamel.

Catalog No. 1
informa-

frequency calibrator Oscilloscope.

Power supply and square wave
modulator Capacitance Relay. FM- !
AM Tuners. FM Tuner.

the sizes of waveguide and coaxial line in
common  use  for  frequency  hands  between
1000 and 40.000 mc.

jves full i
9 ~ on complete |

| tiol -

WRITE TO ones Elect
LRI KNOW THE ENTIRE § tne of e ecting KEPCO LAB MULTIPLE POWER SUPPLY
FOR BROWHNING LINE trica Plugs, | A powler supp]ly '\\'hi(‘h comtains  two  con
ATALOG Devices . tinuously-variable B supplies delivering  irom
= ENGIRIERED for ENGIWEERS | 5-406-AB Sockets and Ter @ to 330 volts at currents up to 120 ma. onc
X Stri 5. Write variable C supply delivering from - 30 to +350
minal Strip volts at 5 ma. and one heater supply r a3

| volts at 5§ wmperes, has heen developed by the
[ Kepeo Laboratories. Ine.. 142 45 Roosevelt Ave

HOWARD B. JONES DIVIsioN NEREIERY

Two 6Y6 control tubes are nsed in B circuit.

) BROWNING s, s
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Cinch Mig. Corp. L kK . 5
T840 SR GE o CHICAGD 18, 1L, Iuﬂple voltage is said to Lo less than 5 mill
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A size, type, style

4
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4

for every need

“Half a Century of Instrument Know-How is
Built into These Fine Electrical Meters" . . .
in sizes from 2 to 7” in o wide variety of

case shapes and mounting arrangements.

No matter how specialized your requirements may
weem, the chances are that Triplett has already
engineered and tooled up for a design so nearly akin
that a few ineapensive changes or additions will

suthice.

Triplett . . . A Self Contained Electrical
Instrument Factory . . . From screw machine
parts to plastic moldings, from moving elements to
dial faces, all are fabricated in Triplett’s modern air-
conditioned factory. Equipped with special humidity
and dust controls in assembly rooms. This self-
contained factory means one overall profit markup

with better quality control and consequent savings
to you.

Complete meter sitisfaction is yours in performance,
appearance, and dependability. Let Triplett add
lustre and give precision performance to your instru-
ment panel.

"Complete Engineering Service . . . Triplett
maintains a field engineering staff available on short
notice. These engineers are ready to help you with
your problems and to bring you the latest practices
in instrumentation from the Triplett laboratories.
Complete facilities for shock, vibration and humidity
testing as required under JAN specs.

Sizes 2" to 7”

Round or Square

A.C., D.C, R.F,
Rectifier or Dynamometer

Wide flange, narrow flange,
flush, projection and portable.
Malded and  metal cases. Rear
illumination, special dials and
ather features available on miost
models.

Be sure your files are up-to-date with current Triplett catalog and descriptive liter-
ature. Write and specify any particular types in which interested.

TRIPLETT ELECTRICAL INSTRUMENT CO.—BLUFFTON, OHIO

Representatives in Principal U, S. and Canadian Cities

Address Dept. Al8.

Precidion feral.. .o Laot

PERSONALS

J. K. Poff, has been named general  sales-
service engineer for manufacturer as well as
jobber divisions of the Astatic Corpuiation,
Conneaut, Ohio.

Allan W. Parkes, Jr. is now head of thc field
cugineering and suales department ol the Air-
c1uit Radio Corperation, Boonton, N. J.

V. W. Palen, formerly with North American
I'hilips  Co., is now handling publicity for
N.Y.U. College of Engineering, 180th Street
& University Avenue, New York 53, N.OY

Neal McNaughton, former chief of the alluca-
tion scction in the FCC enginceviug depart:
ment's broadcast division, has joined the staff
of NAD, uas assistant director of the en-
gineering department.

Henry L. Dabrowsky, former G.JZ. develop-
ment engineer, has been named technical su
pervisor of television for WATV. Newark, N. ]

Edward H. Reeves is now technical supervisor
of f-m operations for WALNT-FM, Newark,

N.

Thomas E. Howard ha< become chief engi-
neer of RKSD and KSD-TV, the St. Louis
I'ont-Dispateh radio and television  stations.

Howard succeeds Robert L. Coe, who has
become manager of the New York Daily News
television  stations.

R. P. Almy has resigned as assitant gen-
eral sules manager of the radio division of
Sylvania Electric Products Inc.. and acquired
part-ownership in the Dixie Radio Supply Com-
pany of Columbia, 8. C., where he has become
vier president and assistant general manager.

Melville Eastham, chief engineer, and Arthur
E. Thiessen, vice president of the General
Redio Company, recently received certificates
of commendation from the Navy Department.
Bureau of Ships, for their contributions to the
successful prosecution of the war.

H. Ward Zimmer, former vice president in
charge of the radio tube division, Sylvania
Electric Products. Inc., has been appointed
vice president in charge of manufacturing
operations for all company divisions.

News Briefs

INDUSTRY ACTIVITIES

Commercial operator license renewal applica-
tions nust now be filed prior to the date of ex-
piration, FCC states that operators shonld not
wait until their licenses are about to expire
hefore applying for renewal, provided service
requiterients are met.  Applicutions may be
filed at any time within the last ycar of the
license term.

This procedure marks the end of the series
of FCC orders which were prompted by the
war emergency, and intemded primaoly o
assist commercial operators whoo because of
wartime conditions, did not have actual pos-
session of tleir licenses, could not ascertain
tlier expiration dates, or for other reasons be-
yond their control found it diffieult or im-
passible to file timely renewal applications.

Wire Recording Corp. of America, 1331 llalsey
Streer, Brooklyn, N. Y.. have taken over the
assets  and  manufacturing  facilities  of  St.
George Recording Equipment Company of New
York City. J. J. Sullivan is president of the
newly formed corporation.  Robert J. Muarshall
is chief engineer.

An electronic research 57-acre development,
to be known as Sylvania Center, will be built
at Bayside. L. 1., N Y. Ground was broken
recently at the site by Walter E. Toor, chair-
man of the board of Sylvinia Electric, Prod-
ucts, Inc.

Activities at the center will be under the
direction of Dr. Bennett S. Ellefson. The itial
building, which will house physics labs. will
cover aver 28V acres of the site facing Long
Tsland Sound.

The sales operations of Fred M. Link and the
manufacturing functions of Link Radio Cor-
poration  have been combined under Link
l({: lia Corporation, 125 W, 17 Street, N. Y.
ity

LITERATURE

The Haydon Manufacturing Co., a subsidiary
of  General Time Instruments Corp., East
Elm Street, Torrington, Conn., has released a
lo-page  catalog ot synchronous  timing  mo-
tors, clock movements and  timing  devices.
Catalog has photos, profile  drawings, shaft
drawings and listings of the speeds, voltages,
irequencies, shaft sizes, etc,

Catalog may be obtained by writing E. B.
liamlin.

Cornell-Dubilier Electric Corp., South Plain-
tield, New Jersvy, have released a 24-page
catalog, No. 3

1lustrated with detail (drawings as well as
halitones of more than 20 different classes of
capacitors.

Electro-Voice, DBuchaunan, Mich, have pub-
liched @ bulletin, No. P30 an the B\ 805
contact  pick-up  microphone  for  stringed in-
stiuments.

Dayton Aircraft Products, Inc., 342 Neia
Avenue, Dayton 10, Ohin, have releaved un
cight-page booklel on the reduction o nre-
cipitation static in aireraft radie.

Rooklet details causes of precipitation static
and describes the methods developed by the
U. S. Air Forces during the war for greutly
reducing this static. The methods now used
consist of metal and ceramic antenna fitting .
which in conjunction with polyethylene wire,
insulate the antenna system agaiust corona dis-
charge. These fittings are made to be nsed
on marker beacon, compass sense and receiv-
ing and transmitting antenna.

Woard Leonard Electric Company, Mount Ver-
won, N. Y.. have amnounced publication of a
catulog D-30, which describes and illustrates
~tock units in resistors, rheostats, and radio
amateur relays.

Catalog may be procured by writing to Radio
and  Electronic Distributor Division. Wardl
Leonard  Electric Commpany. 53 W. Jackson
Blvd.. Chicago 4, Tllinois.

The Meletron Corp., 950 North Highland Ave-
suc. Los Angeles 38, California, have released
a feur-page bulletin describing George A. Star-
Lird microphone hooms and stands, which fea-
ture air-valve control, centerless and anodizer
tulings, ball-bearings casters, etc.
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BETTER CONTROLS
THROUGH
BETTER RELAYS

LEACH MIDGET SERIES
for SPACE ECONOMY in
MODERN DESIGN

Leach Midget Relays meet today’s demand for compact de-
sign—and assure positive, dependable control. The Midget
Series offers a wide choice of types, each so tiny it weighs
less than two ounces and all measure less than two inches.

When you hold a Leach Midget Relay, between just two
fingers, you can readily see the evidence of manufacturing
skill and Electrical-Engineering design that's typically
Leach. Here, quality materials and careful workmanship
challenge comparison. The term "Mighty Midgets'’ is aptly

suited to Leach Midget Relays.

LEACH RELAY CO. )

$9158

ZOPHAR

WAXES
COMPOUNDS

and

EMULSIONS

FOR
INSULATING and WATERPROOFING
of ELECTRICAL and
RADIO COMPONENTS
°
Also for
CONTAINERS and PAPER
IMPREGNATION
°
FUNGUS RESISTANT WAXES

°

ZOPHAR WAXES and COMPOUNDS

Meet all army and navy
specifications if required

19ruAt Bary

s’

Inquiries Invited

ZOPHAR MILLS, inc
: FOUNDED 1846
122—26th ST., BROOKLYN, N. Y.
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AVALON BOULEVARD. LOS ANGELES 3

CALIF

over 100
technical
papers,
many on
communi-
cations,
radio, and
audio
research
and engi-
neering.

March 22-25, 1948, at the
I.R.E. NATIONAL CONVENTION

Gl‘t({ dee

167 engineering exhibits
at the

RADIO ENGINEERING SHOW

Grand Central Palace,

New York City

4-Day Registration is $3.

The Institute of Radio
Engineers, Inc.

1 East 79th Street
New York 21, N. Y

COMMUNICATIONS FOR JANUARY 1948

Feially in

Times-Star F-M

(Continned fram page @)

switched mro the cirenit for setup use
whenever the guwin controls are tirned
to the normally-off or (ufinity position
This feature saves much time in cue
mg records and transcriptions, espe
tight spots where several
short spof announcements are run close
together.

Two tyvpes of playback heads are
used ; one® for the reproduction ol shel
lac-base records, and the other” for
high-quality plastics.  Both sets of
playback arms ave bridged so that
switching is not necessary in change
overs; only the proper tilter step need
be selected.

We also use two portable program
record cabinets, mounted on tubber
wheels and Tmed with felt.  Records
and transcriptions are arvanged ac

| cording to program times by the pro

gram department and wheeled into the
operator's reach. These cabinets make
a very compact and time-saving ar
rangement for recording operations.

The Transmitfer Room

The transnitter room inchudes two
metal spare parts storage cabinets,

Mounted on the wall between these
two cabinets and away from all a-c
and -t circuits, 18 a4 power suppls
unit'’ for the consolette. In an equip
ment rack are some ol the audio equip-
ment.

Here are, {vom top to bottom: (/) .\
spare vu meter and atienuator.  This
meter 15 normalled across the trans
mitter input but can be patched into
any other circuit or used to check the
levels of ncoming vemote programs.

2) Noise suppressor.” This unit has
proved very satisiactory in reducing

| record scratch and groove noise. A

remote gate circuit control has heen
mounted on the consolette so that
proper suppression levels may be se-
lected imstantly at the control desk for
ditferent tvpes of records and for noisy
transcriptions, or taken out entirely for
voice and high-quality pressings. This
control was installed in the space orig-
ially occupied hy the consolette meter
switch; the switch was remounted
inside the consolette and is easily ac
cessible from the top for meter read-
ings.  (3) Limiting amplifier.” (4)
Variable line equalizer." This equal
izer is permanently conuected across a
rentote line from the Cincinnate Times-
Star news room and equalized to 15

?]ickering

1RCA

MRCA MI-11301-B.
Technical Iustrument Corg

1BRCA 86-Al

910-AR



Crystats fon the Cnitical

"STABILIZED"

JK STABILIZED HEAT JKO-7

Designed to accommodate crystals from 80
t 3,000 ke and recommended for broadeast
and frequency standard applications., Large 7-
pin base, Will accommodate most JK holders
hesides accommodating more than one small
holder. Heater 6.3 V. or 115 V. others on
special order. Operating temperature 50° C
plus or minus 17, others also on special order.
Available as double oven on special order.
Crvstals  electrostatically  shielded. Better
thermal insulation results in lower heater cur-
rent consumption and shorter warm-up time.
May be mounted in any position. Also avail-
able with oven control. Entire uvnit is rugged-
Iy built for long, dependable service.

Write for lllustrated Folder

The JAMES KNIGHTS CO.

SANDWICH, ILLINQIS

Radio Catalog

160 Valve-Packed Poges of
the LATEST and BEST in
RADIO * TELEVISION and
ELECTRONIC EQUIPMENT
at LOWEST PRICES
Write for FREE copy. Address Dept. R-18

CONCORD

CHICAGD 7
501 W. Jackson Eiva. 265 Peachires St
Dorwnbown ©hicage Branch - » 33% Wesl Madison 51,

LAFAYETTE RADIO CORP.

RADIO
CORP
ATLANTA 3

4

ticular sctup.
tion~ have been tested and checked in

| switeh and mdicator lamp.

ke, (3 Jack ~trip 7 owhich contams
jacks normalled to four pre-amplifiers
contained in the consolette), two
turntables, the noise suppressor, con
solette output, preemphasis coil, Timit
ing amplifier, a 20-dh fixed pad, and
the transmitter input. The preenipha
i~ filter circuit the constant
impedance, balanced, bridged-T type
and is designed for preemphasis atten
A S-db
minimum loss is attained at 13 ke, with
an approximate 26-db maximum loss
below 500 cps. The frequency response

STs 15 ol

uation of audio [requencies.

gives a4 maximun equalization ol ap-
proximately 200 b between the high
and Tow frequencies.  (0) Jack strip
2, which is normalled to a high-iidelity
line (15 ke) lne from WKRC, four
multiple Jacks, @ special news room
line, and six remote positions. These
positions appear at the consolette on
positions 3 and 6. Remote programs
are checked in by pressing the appro-
priate remote button on cither mixer

| position and throwing the mixer ke

to Audition. The spare vu meter may
then be patched into the civeuit to de
termine the remote levels and to cal-
culate the approximate amount of line |
cqualization to be used for that par

Most remote termina

prier to air time with equalization set
tings noted for future reference. How
ever, many special events or one-time
pickups arise during the course of air
time and can e satisfactorily equal
ize¢. by the above method. (7)) An-
other jack strip which contains input,
output, bridging and multiple jacks for
program and monitor amplifers and |
terminations for transmitter and con
solette telephones. There are 14 spare
jacks in this strip. (&)
able line equalizer' for use on remote
lines needed. (9} Pro
(710) An a-¢ control
(17) Coil
bank, including three 300-ohm =0l
tion coils, one spare 20-db fixed at- |
tenuator, and a preemphasis Alter™ and
fixed attenuator.

On another  rack  are  additional
audio cquipment, from top to bottom:
(1) Plate current meter for program
and  monitor  amplifiers. (2)
quency monitor.”  (3) and (4) Beat-
frequency oscillator™ and  distortion
aned noise meter.” (6) Spare program ’
anplilier.,” (7)) Monitor amplifier.
Remote gain control for this monitor |

(Continued on page 39)

A spare vart

wherever
gram amplitier.”

Or

[<1e-

HRECA
BRCA
MRCA
“GLE.
PREA
*GLR
"RCA

Tok-1.A.
BA SR,
M1-4920,
BM 1T A

A4
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MEASUREMENTS
CORPORATION
Model 59

MEGACYCLE
METER

Radio’s newest, multi-purpose instrument con-
sisting of a grid-dip oscillator connected to its
power supply by a flexible cord.

Check these applications:

e For determining the resonant frequency of
tuned circuits, antennas, fransmission
lines, by-pass condensers, chokes, coils.

e For measuring capacitance, inductance,
Q, mutual inductance.

e For preliminary tracking and alignment
of receivers.

e As an auxiliary signal generator; modu-
lated or unmodulated.

e For antenna tuning and transmitter neu-
tralizing, power off.

e For locating parasitic circuits and spurious

resonances.
e As a low sensitivity receiver for signal
tracing.
MANUFACTURERS OF el ednents
) Power Unit: 54" wide;
Standard Signal Generators 64" high; 7 a'' deep.
Pulse Generators Oscillator  Unit: 3%
FM Signal Generators diameter; 2" deep.
Square Wave Generators FREQUENCY:
Vacuum Tube Voltmeters 2.2 mc to 400 mc.;
UHF Radio Noise & Field seven plug-in coils.
Strenz.th Mt_:tefs MODULATION:
Capacity)8ridges CW or 120 cycles; or
Megohm Meters externgl
oS s | powan supny
Equipment 110-120 volts, 50-60
cycles; 20 watts.

MEASUREMENTS CORPORATION

BOONTON

6 NEW JERSEY

37



g~ i

I

Above, close-up view of the modulator.

Abeove, view of WIBS buikding in San Juan, Puerto Rico, which houses 10 kw a-m transmitter?,

operating on 74D ke, The building is located seven air miles from downtown San Juan. A two-tower

directional antenna array is used to provide a cardioid pattern; full 10-kw power is used for day

and night service. Below, Carlos Rafael Mercado, WIBS engineer, inserting & rectifier tube in the
main rectifier power supply of the transmitter.

Below, engineer Mercado inserting a tube in the

1Westinghouse.
exciter section of the transmitter.

Electranic Research & Mfg. Corp. WHEN YOU CHANGE
A Service to INDUSTRY YOUR ADDRESS

] . Be sure to notify the Subscription Department of COMMUNICA.
Development and Construction of TIONS. 52 Vanderbilt Avesue, New York 17, N. Y. diviag the o1d
q a H H as well as the new address, and do this st least r weeks in
Elecfro,mc Equupmen# ‘For Any Appllcahon ] l:l.rnnee. The Fo::l:l 'chi D'ermrtnemtddoel nat for:a‘:-‘l:% m:(uimeo
N . uniess you pay additionsl postage. und we cannot te 1
1420 E. 25th St., Clevelaad 14, ©. - Ph.: SU. 1958 mailed to the old address. ~We ssk your cooper:gion.np cate comes
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ANOTHER ‘Z/ecec BROWNING DEVICE
—

FREQUENCY METER
MODEL S-5

Accurately checks frequencies
in one, two or three bands,
from 30 to 500 MC. Custom-
built, Crystal frequency sta-
bility equips it for extended
use in locations where it is in-
convenient to check WWYV
signals. Accuracy .0025%,.

Frequency meters. WWYV standard
frequency calibrator Oscilloscope.
supply and
modulator Capacitance Relay. FM
AM Tuners. FM Tuner.

Power square wave

WRITE TO

KNOW THE ENTIRE

BROWNING LINE
ENGINEERED for ENGINEERS

Times-Star F-M

(Continued from page 37)

is located on the extreme lower left-
hand corner of the consolette, in the
space originally used for the monitor
phone jack. (&) An a-c control switch
and indicator famp. This switch con-

trols a-c power to all cquipment in this
rack except the crystal heater circuit
in the frequency monitor. .\ special
power  supply™ is available for this
menitor. A special a-c line 1s con
nected from the power circuit to the
transmitter  crystal  heater  supply
source so that all heaters are always
on.  Space is also provided on this
rack for installation of a transmission-
line monitor.™

All equipment is readily accessible
for servicing. .\s an aid to locating
potential sources of trouble, a S0-watt
115-volt lamp bulb has been mounted
in the back of each transmitter unit so
that all parts are fully illuminated.
Heat from the bulbs is not sufticient to
affect inside temperatures. A ther
mometer has been placed inside cach
umt so that constant watch may be
maintained over each stage. Often a
small rise in temperature, accompanicd
by a-change or fluctuation in plate or
grid current, is sufficient warning of
impending trouble, which nay then he
corrected before it actually happens.
FFans have heen installed in the top of
each audio rack so that air circulation
will be improved.

One of our most useful waintenance
aids is a portable test equipment dolly,
in which are a tube tester. vacuum
tube voltmeter, 'scope, tools and sup-
plies, etc.

\ large section of the wall hehind
the transmitter units is covered with a
framed blueprint of the complete traus-
mitter and control circuits, This dia-
gram is large enough to read across
the room and has been a valuable asset
in maintenance and trouble-shooting,

For network operation we plan to
install soon a special relay receiver.

2G5 E. 4BP2A1.
=ZRCA MI-28155

SEVEN-TOWER DIRECTIONAL ARRAY

SR

Seven tower directional-array

system of WREX,

Duluth, Alinnesota. Six towers are

used during the night, and the seventh tower with two night-pattern towers make up a

three-element array for daytime coverage.

(Courtesy Blaw-Knox)
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| STANDARDIZES
RCA | ON "XL” PLUGS
i

... for populur microphone models
such asthe “"Announce” (Type KN-1A)
(shown above), Junior Velocity (MI-
4036), Aeropressure (MI1-6026, MI-
6027), Program Velocity (MI1-12002,
MI-12003), Aerodynamic (MI-6226,
MI-6228), because Cannon XL's are
quality plugs, yet in the moderate
price class and available everywhere.

.-

The RCA Junior
Velocity Micro-
phaone, a low cost,
lightweight model
is equipped with
XL-3-12 for
speedyinterchange
of cable,

B

RCA is a big user not only in the XL
but also the Cannon “P”, DP, “K"” and
“AN” series in many types of equip-
ment. Cannon’s reputation for quality

XNL-3-12 PLUVG
LIST $1.20

XL-3-11 PLUG
LIST $1.25

and dependability is assured in RCA

equipment fisted with Cannon Plugs.

Write for FREE new A-121
BULLETIN and_ list of 200
Cannon Electric Distributors.

CANNDON] 2.

EEXATRUG
Lodiorint (any

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF.
IN CANADA & BRITISH EMPIRE:
CANNON ELECTRIC CO.,LTD., TORONTO 13, ONT.
WORLD EXPCRT (Excepting British Empire):

FRAZAR & HANSEN, 301 CLAY STREET
SAN FRANCISCO 11, CALIFORNIA
REPRESENTATIVES IN PRINCIPAL CITIES

I SINCE 1915
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Simple New %Zéd/‘ Couplings

Mgintain Constant 51.5 Ohm impedance |

ANDREW

anged, COAXIAL

TRANSPMISSION LINE
FOQR FM-TV

bﬁer ng the dual adveatoge of =asy, solderless assembly
and 3 ccnstart impedarze of £1.5ohns, this new ANDREW
FM-TV | ne ix available in fowr c-ameters. Sach line fuli"y
meets >Ficich RMA stardords. It Zlsa is recemmended for
AM rstellations o 5 Kw or over.

- Fabricctad im tweqty ot lengt~s with bmass coanector

fiaoges zﬂzgl brazed to the ends, ==ct ons are e3iily bolted
fogether ‘A, cirsulas: symthetic rubber. 'O ‘gaskef effec
twvelx senls the
avoided

ne. Hux corrosior. amd presause leaks are

ballet-skeped . device zostively sarpects inner
conduzreri. 5

Cldse “cieramces  ore “ginfainez an chusaceristic “im-

amxe in bott live a-d fittings. assuring 37, essentjally

n3sion lire =ystem. 3

ally and. 2 ectrically ‘befr=r than p-evious types,

this -t-v-»liné hes steatrie insulotars >f ‘exceptorally low

ctor. ‘Botk inner and oute

sizes=are of capper hav ng very h gh'gonduciv ty.

canducto-s of all -foyr

Flanged 45 ard 90 dege=e elbow mecfions, ond a.compiefe
lime of azcesscries and ftings avallatle.

Better: be safiz, thar somry. Avoic cestly pcst-nstallation
line cherges. Get azmp 2te technieal data, cne engineer-
ing: adviee, fram ANDREW now.

L’
333 EAST a5th STREET

Leagise ma a0

ATTEN UATION
® CURVE

shows total les: glus

ard detetiorafen w th time.

Fcur diameters ovailabie: 61 "—

IT”— 1% crd /g7,

CORPORATION
=" CHJCAGO 19

Piog=er Specinlists ir the Manmfacture sf o Complate Lirie of Apten1a Ecuipmept
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TYPE 566-A
0.5— 150 Mc

Accuracy: 2 —3%
160

o
v

TYPE 1140-A
240—1200 Mc

This is the Jatest addition to
the G-R wavemeter line, with
a butterfly-type tuned circuit in
which the capacitative and in-
ductive elements are built in-
tegrally and tuning is effected
by simultaneously varying both.
The rectifier is a sensitive and
rugged silicon crystal detector
with a microammeter for reso-
nance indication. The scale on
the frequency indicator drum
is 9 inches long, The tuning
unit and indicating meter are
mounted in a plastic housing
which can be held conven-
iently in one hand. The instru-
ment is accurate to 2% of the
indicated frequency. Price $70.

TYPE 724-B 0.016 — 50 Mc
Accuracy: 0.25 — 1%, 5215

55 — 400 Mc
Accuracy:
2%, $3%

WAVEMETERS for

the Entire Communications Seectrum

e Simple, tuned-circuit wavemeters,
either with or without resonance indi-
cators, always will find wide applica-
tion in the laboratory. Direct reading,
compact, lightweight, rugged, easy to
use, and with accuracy more than
ample for many uses, these meters
effectively supplement the highly
accurate heterodyne frequency meter
for many types of measurement.

Wavemeters will always be useful
for approximate measurements of
coil ranges, oscillator spans, prelimi-
nary lining up of transmitters, lo-
cating and naming harmonics in
either the receiver or the transmitter,
and for general experimental work.

For almost thirty years General
Radio Company has pioneered in the
design and manufacture of accurate
wavemeters. General Radio’s fre-
quency measurement program, which

has resulted in the finest primary
standard of irequency to be obtained
anywhere, has always had as a con-
current project the development of a
line of wavemeters to cover as much
of the useful radio spectrum as the
art required.

The four instruments depicted
cover the entire frequency range from
16 ke to 1,200 Mec. All of these meters
are calibrated in our Calibration Lab-
oratory in terms of the G-R Primary
Standard of Frequency. All are built
to the same standard of G-R quality
as is found in the most precise fre-
quency measuring assembly we man-
ufacture.

G-R wavemeters are correctly de-
signed, skillfully engineered, care-
fully manufactured and accurately
calibrated.

Note — We have a small stock of each for prompt shipment.

GENERAL RADIO COMPANY

90 West St., New York 6

920 S. Michigan Ave., Chicago 5

Cambridge 39,
Massachusetts

950 N. Highland Ave., Los Angeles 38

TYPE 758-A i



you can’t beat Federal’s

COMPLETE STATION T

A broadcast station that’s FM by Federal all the way— from
microphone to antenna — offers three exclusive features that
assure maximum Coverage at minimum operating cost, and

maximum performance with minimum maintenance expense.

The coverage of an FM station depends primarily on the effective
strength of the radiated signal. And Federal's 8-Element, Square-
Loop Antenna gives an effective radiated power more than 8 times
the transmitter rating. Actual installations have repeatedly proved
its ability to give outstanding coverage—and 10 withstand high
winds and heavy icing loads.

g . - All Federal FM transmitters feature the exclusive “Frequematic#*”
= modulator — for outstanding fidelity and performance. Maintains

‘;_“ " center-frequency stability within 0.0019% — reduces signal-to-noise
?r ratio to 5600-to-1 — uses simple all-electronic circuits with standard

receiver tubes — easy to align, simple to maintain.

fast, Federal can now
make your complete
installation in record
time! For further in-
formation, write to Fed-
eral, Dept. 13610

With this Federal 8-Element
Square-Loop Antenno, now
onthe air ot StationWMRC-FM,
Greenville, South Carolina,
listeners more than 200 mites
away— including cities in 6
different states—report excel-
lent reception. Lower photo
shows WMRC’s tronsmitter
room, with Federal 10-Kw
fransmitter, console, monitor
speaker and power supply.

&
. . .
v Complete FM by Federal means FM at its best, with all compo-
m:.s fents precision enginecred to work together. Transmitter console,
4 :.. studio console, transcription units, power supplies — everything
}'..‘i‘ from microphone to antenna—designed and coordinated for maxi-
L ¢
# ' mum over-all performance and economy.
4 ) . r . .
“&'x When planning your new FM station, remember these exclusive
i\ h
W, a0 advantages. And if you
43 ‘, i “TFrade Mark .
d‘}‘ want to get on the air

AnIT&T associate

100 KINGSLAND ROAD, CLIFTON, NEW JERSEY

KEEPING FEDERAL YEARS ANEAD...is IT&AT's world-wide
research and engineering organization, of which the Federal In Canada:—Federal Electric Manufacturing Company, Lid., Mentreal, P. Q.
Telecommunication Laboratories, Nutley, N. .. is a unit. Export Distributors : —International Standard Electric Corp. 67 Broad St., N. Y.




