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CONSISTENT UNIFORM QUALITY

. . . reel after reel after reel!

That’s just one of the ExTrRa VALUES

® )
that you get in caticllOtape’

made by audio engineers, for audio engineers

NOW —output curves in every package!l

Here’s output uniformity that you can see for yourself.
For every 5-reel package of plastic base Audiotape, in
1250 and 2500 ft sizes, now contains an Esterline-Angus
output curve made from one of the reels in that package.
And since all five reels are slit from the same roll after
coating, it shows you the actual output characteristics
of every reel — giving positive visual proof of unequalled
uniformity.

® Yes —when you reach for a reel of Audiotape, you can
be sure that you will have the finest recording that your
equipment can produce. You know that the output volume
will not vary more than = % db within every 1250 ft or
2500 ft reel of plastic base Audiotape. That is guaranteed.
You know that these reels are entirely free from splices.
That is guaranteed also. But, still more important, you
know that you can depend on Audiotape for unequalled
over-all performance —with maximum fidelity of repro-
duction and minimum surface noise and distortion.

In short, Audiotape always gives you the same consist-
ent, uniform quality that has characterized Audiodiscs for
more than a decade.

T

Have you heard about our new disc recoating service? We are now
prepared to recoat your used discs for you — at a substantial saving
over the cost of new discs. Your Audiodisc distributor will be glad
to give you complete details.

*Trade Mark

AUDIO DEVICES, Inc.

444 MADISON AVE.,, NEW YORK 22, N. Y e
Export Dept.: 13 East 40th St., New York 16, N. Y, Cables: ‘ARLAB™

wWwWw.americanradiohistorv.com
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“PRIVATE WIRE” with?"

For uninterrupted operation in all kinds of weather, WHAS-TV at Louisville
and WSN-TV in Nashville linked themselves together with an inexpensive
but efficient microwave relay that enables them to telecast each other’s
programs. For positive targeting between screen and parabolic reflector,
Blaw-Knox was called in to design, fabricate and erect all towers for this
temporary video hookup ... Should your plans call for a similar project

avail yourself of Blaw-Knox experience.

BLAW-KNOX DIVISION
OF BLAW-KNOX COMPANY
2062 FARMERS BANK BUILDING o PITTSBURGH 22, PA.

May 1951—Fformerly FM, and FM Rapio-ErLecTroNIcs 1
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@ Super-Sensitive FM-AM Radios

- with Performance Superiority that makes Sales!

Again Zenith lengthens its lead over the
FM-AM field —with new and better ver-
sions of the Zeniths that were already
the industry’s two best sellers. With
Zenith’s unrivaled Super-Sensitive FM,

they bring in a wealth of entertainment,

New Super-Medallion
Genuine Super-Sensitive Zenith FM plus

Zenith Long Distance AM — automatic
volume control — built-in Wavemagnet*
and Light-Line Antenna -— cabinet of

beautiful maroon plastic with Roman Gold
mesh grille and tuning indicator.

Zenith 1S

Mol or 51/

ZENITH RADIO CORPORATION, CHICAGO 39, ILLINOIS
Over 30 Years of “Know-How" in Radionics Exclusively
ALSO MAKERS OF AMERICA'S FINEST HEARING AIDS

static-free and real as only genuine FM
can be. Their newly designed cabinets are
the style highlights of the radio year. Of
course, both have Zenith’s famous Long
Distance AM, big Zenith-built Alnico

speakers and other Zenith advantages.

New Super=-Triumph

The same Super-Sensitive FM and Long Dis-
tance AM as the Super-Medallion, plus new
broad-range tone control—jewel-like on/off
indicator —maroon plastic cabinet with
“Flexo-Grip”’ carrying handle—Roman Gold
embossed dial.

®
siows osnces RADIO
and TELEVISION

FM-TV, the Jour~NaL of Rapio CoMMUNICATION

www.americanradiohistorv.com
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INDUSTRY NEWS |

TY-FM-AM Set Production
Compiled from figures released by RTMA . ... ... .. 4

Spot News Notes
[tems and comments about people and companies .. .. 6

What’s New This Month
NARTB Convention — Curtis Plummer heads FCC
Broadcast Bureau — A Broadcaster's Confidence in FM 11
TELEVISION
Zenith YVHF-UHF Tuning
John Bell .. ... ... 12
FM BROADCASTING

This May Be Another Plotsky Wi ! b
Milton B. Sleeper .. ... .. ... .. ... ... ... 16 | | ) : \m‘\ \\ —
. R :l

APPARATUS DESIGN
Review of Mew Components & Equipment

lllustrating new design trends .. ................ 18
COMMUNICATION

450-Mc. Mobile Equipment

Units for the first 450-mc. mobile system .. ... ..... 17
Mobilz Radio News & Forecasts

Jeremiah Courtney . .......................... 20
Coverage on 45 to 450 Mc.

K. Bullington . ......... ... ... .. i i 21

AUDIO SECTION

A Reflex Air-Coupler
Charles Fowler .. ... ... ... . ... ... ........... 34

SPECIAL DEPARTMENTS

Professional Directory ...................... ... 8
Special Services Directory ... 9 . .
Pi 20 Select'your replacen}ent vibrators wisely ... and you,
Netws TICLUTOS oo o too will choose Radiart! Laboratory tests and custom-
Advertisers Index ... ... 39 er reports prove that Radiart Vibrators give LONGER
LIFE and trouble-free performance BECAUSE THEY
TIIE COVER DESIGN AND CONTENTS OF FM AND TELEVISION MAGAZINE ARE ARE BUILT To WITHSTAND RUGGED SERVICE!
FULLY PROTECTED BY U. S. COPYRIGHTS, AND MUST NOT BE REPRODUCED These extra hours of dependable performance are
IN ANY MANNER OR IN ANY FORM WITHOUT WRITTEN PERMISSION one of the factors that has made Radiart the leader.
. . Superior engineering and design have made thern
MILTON B. SLEEPER, Editor and Publisher : THE STANDARD OF COMPARISON.
Roy F. Avrvison, Associate Editor 3 .
Criarizs Fowier, Business Manager e At all Good Radio Parts Jobbers.

Liceran Benpross, Circulation Manager
Soruarr Forty, Production Manager
Published by: RADIOCOM, INC.

Publication Office: 264 Main St., Gt. Barrington, Mass. Tel. Gt. Barrington 500 ”Aﬂ/ﬂ”" E
FM-TV Mazagine is mailed on the 10th of each month. b ; : THE CORPORATION

L. . . CLEVELAND 2, OHIO
Subscriptions: Should be addressed to 264 Main st., Great Barrington. Mass.

Sihgle copies 3Sc~—Subscription rate: $6.00 for three years, $3.00 for one
year in the U, S. A.—Canada, add 50c per year postage—foreign. add $1.00
per year postage.

Contributions will be neither acknowledged nor returned unless accompanied

(] by adequaie postage, packing. and ditections, nor will FM-TV Magazine be
responsible for their safe handling in its office or in transit.
CIRCULATION AUDITED BY 3
Entered as second-class matter August 22, 1946, at the Post Office. HENRY R. SYKES
Great Barvington, Mass., under the Act of March 3, 1879. Addi- CERTIFIED PUBLIC ACCOUNTANT
rional entry at Post Office, Boston, Mass. Printed in the U. S. A. AUDIT SYKES, GIDDINGS & JOHNSON

PITTSFIELD, MASSACHUSETTS
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RADIO

! l modulator and the associated circuits.

] 4
SO mﬁ.._...‘.‘-‘ig

ENGINEERING
LABS., Inc.

PIONEERS IN THE CORRECT USE OF
ARMSTRONG FREQUENCY MODULATION

MULTIPLEX RADIO
EQUIPMENT

50 to 1,000 Mec.
Modulation Bandwidth to 150 Ke.

The unequalled performance of the Serrasoid
modulator has enabled REL to build multiplex
FM point-to-point and relay equipment to spe-
cifications hitherto considered impossible for
radio circuits to meet.

Today, REL multiplex radio installations are
going into service in many parts of the world.
Operated as links in telephone land lines, their
performance is equal or superior to that of
standard telephone channelizing equipment.

Low distortion, low noise, and long-time sta-
bility are basic characteristics of the Serrasoid
In these
respects, and in all operational and design fea-
tures, REL multiplex radio equipment meets
the most stringent specifications of advanced
telephone practice.

REL standard, basic units are suitable for prac-
tically any type of multiplex point-to-point or
long-distance relay system, and for operation
under topographical or climatic conditions in
any part of the world. Special equipment can
be designed and built to suit unusual require-
ments. Your inquiries are invited.

Engineers and Manufacturers of
Broadcast, Communication, and
Associated Equipment since 1920

RADIO ENGINEERING
LABORATORIES, Inc.

TEL.: STILLWELL 6-2101 15‘{2“?5: N. Y.42816
36-40 37th Street, Long lsland (City 1, N. Y.
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N February, TV set production, as

estimated by RTMA, continued at a
level considerably above public demand.
Reasoning on the part of the larger com-
panies is probably that they should make
sets while they can. and keep their fac-
[tory forces employed against the time
when they will be needed for military
production. Dealers, however, are accus-
tomed to working on quick turnover,
and to meet falling demand with cut
prices. Result is that inventories of TV
sets are a headache now, although it
i seems certain that there will be a severe
|shortage come fall. This situation is
putting the squeeze on small manufac-
turers.

AM production continued at the
highest rate since 1947, but only 65%
of the sets were home models. Auto
radios accounted for 88%, and portables
for 7%. This is shown by the separate
| sections of the AM block in the Produc-
tion Barometer.

FM dipped slightly below January,
but that was offset by an increase in the
number of TV sets equipped for FM
tuning. The production rate is substan-
tially above any preceding year, and the
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TV, FM, and AM Set production Barometer, prepared from RTMA figures

large percent of FM phono combinations
has built this category up to an impres-
sive dollar volume. In fact, cut prices
on TV sets, and the low AM unit of sale
have made FM models the most profit-
able and fastest selling in dealers’ stores
wherever there is broadcast service.

Incidentally, sales on high-fidelity
audio equipment and FM-AM tuners for
custom installations are proving to be
the most stable, year-round segment of
the radio business. There 1s practically
no price-cutting trouble, comparatively
little dip in summer volume, and better-
than-average profit for dealers.

TV picture-tube sales in February
amounted to 634,080 units, valued at
$17.5655,375. This was 9% above the
number of tubes sold in January. Only
49, were smaller than 16 ins., and 82%
were rectangular in shape.

Receiving tube sales were just slightly
below January, amounting to 36,821,794.
This was 48% above February, 1950.
RTMA reported 24,578,991 for audio
and TV scts; 2,355,356 for other new
equipment; 8,237,372 for replacements:
1,429,783 for export, and 220,292 for
Government Agencies.

©
- MONTHLY AVERAGES 3
o AM ha¥ FM-TV 3
1947 |, 36\ 900 14890 98 OOO © —r
H 1948: 972980 72, 132,500
~ 1948: 532614 201,158 72,959 40,543
bl 1950: 7,864 507,007 103,005 54,445 5] _ o
1951 TO DATE, 1558 789 662,567 147,970  59.185 b
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HAMMARLUND MULTI-GATE

REMOTE SUPERVISORY CONTROLS, EMPLOYING
THE PERFECTED HAMMARLUND MULTI - GATE *
PRINCIPLE, FOR ALL TYPES OF SERVICE

Hammarlund Multi-Gate * systems provide all-electronie, remote controls
over radio and wire circuits.

Multi-Gate * units can be used for an unlimited number of seperate control
functions. These include: manual and automatie transmitter switching, selec-
tion of pickup or monitoring receivers, supervisory controls, fault alarms,
servo mechanisms, and telemetering.

Hammarlund Remote Supervisory Controls effer the following basie advan-
tages of both dependability and economy:

1. Unconditionally guaranteed to provide 100% reliability over wire or
radio cireuits.

2. 50% wire rental reduction per control cireuit.
3. No modification of transmitters or receivers required.

4. Trouble-free dependability through wide variations of line level, in-
put balanee, impedanee, noise and line reflections.

vt

. The only commercially available equipment featuring absolute immu-
nity to accidental operation by extraneous sources.

6. Multi-Gate * Remote Supervisory Controls automatically establish
their own threshold of optimum operating level.

We invite you to submit details of your requirements. Hammarlund engi-
neers will assist in planning Multi-Gate'* equipment for all types of remote-
control application. Write for descriptive literature on Hammarlund Selee-

tive calling and Remote Supervisory Control produets.
* Trade Mark applied for.

HAMMARLUND MFG. COMPANY, INC.

460 WEST THIRTY-FOURTH STREET, NEW YORK CITY, N. Y.

May 195 1—formerly F'M, and FM Ravio-ELEcTRONICS 5
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Model 59

MEGACYCLE®

METER
2.2 mc. 10 400 mc.

Frequency Accuracy +2%

The MULTI-PURPOSE
INSTRUMENT

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

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

® For preliminary tracking and alignment
of receivers.

® Az an auxiliary signal generator; modu-
lated or unmodulated.

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

® For locating parasitic circuits and spurious
resonances.

® As a low sensitivity receiver for signal
tracing.

And Many Other Applications

FREQUENCY:

2.2 mc. to 400 me,;
seven plug-in coils.
POWER SUPPLY:

110-120 volts, 50-60
cycles; 20 wotts,

MODULATION:
CW or 120 cycles; or
external.

DIMENSIONS:

Power Unit: 54" wide;
618" high; 72" deep.
Qscillotor  Unit: 3%
diameter; 2" deep.

Write for Literature

MEASUREMENTS
CORPORATION

BOONTON 6 NEW JERSEY

THIS MONTH’S COVER

There has been more discussion
and less factual information about
Zenith’s claim to providing sensi-
tive UHF reception in their VHF
television sets than on any other
subject that has come up in a long
time. This month’s cover shows one
of the UHF tuning strips, partly re-
moved from the turret. It does not
disclose, however, the new circuit.
For that detail, and the method of
combining a VHF with a UHF an-
tenna, turn to page 12 of this issue.

SPOT NEWS NOTES

ITEMS AND COMMENTS, PERSONAL AND OTHERWISE, ABOUT PEOPLE
AND COMPANIES CONCERNED WITH RADIO COMMUNICATIONS

Government Contracts:

If you want official information on secur-
ing contracts or subcontracts for military
equipment, send 15 cents in coin to the
Chamber of Commerce of the U. S,
Washington 6, D. C., and ask for a copy
of “Six Steps in Selling the Armed Serv-
ices.” It contains all the details.

By Hook or Crook:

Production of FM tuners has been
pushed up to the limit, but manufac-
turers report that back orders are piling
higher than ever. Someone, though, got
prompt delivery on an RJ-10A chassis
by stealing it from the Browning exhibit
at the recent IRE Show, despite the
fact that four men were in attendance
at the booth when it happened.

TV at the UN:

Equipment for the new United Nations
building at New York City will be sup-
plied by Marconi’s Wireless Telegraph
Company, Ltd., of London.

Washington Award for 1951:

Presented by the Western Society of En-
gineers to Edwin Howard Armstrong, for
“outstanding inventions basic to radio
transmission and reception, and notable
service to his Country.” Among the pre-
vious recipients are Herbert Hoover,
Orville Wright, Michael Pupin, Charles
Kettering, Frank Jewett, Henry Ford,
and Vannevar Bush.

Parabolic Antenna Problems:

Can be solved readily with a slide rule
designed by Workshop Associates, Inc.,
Needham Heights, Mass. There are
scales for diameter, wavelength, gain,
and half-power angles. Copies can be

obtained without charge by letter-head
request.

John S. Boyers:

Chief engineer and assistant treasurer of
Magnecord, Inc., has been elected presi-
dent of this company. Before joining
Magnecord, Mr. Boyers was associate
physicist at Armour Institute, where he
was engaged in the development of mag-
netic recording.

C-D Communication:

An excellent booklet entitled “Guide to
Communication for Civil Defense” has
been published by Leece-Neville Com-
pany, Cleveland 14, Ohio. Very interest-
ing information is also contained on the
L-N alternator system for battery charg-
ing and as an emergency AC supply.
Copies are available on request.

Industry Credit Problems:

‘Will be discussed at a joint meeting of
RTMA eastern and western credit com-
mittees at Hotel Stevens, Chicago, on
June 6, during the RTMA convention.
Right now, there are some problems that
require discussion.

George H. Phelps:

Appointed chief engineer of Hammar-
lund Manufacturing Company. Pre-
viously, he was sales application engineer
for RCA microwave products.

Television IF Interference:

State police communication transmitters
on 42 to 44 mec. are now authorized to
use up to 10 kw. With TV sound IF on
41.25 mec., and picture IF on 45.75 mc.,
there may be interference trouble in
some areas. Fortunately, most of the
(Continued on page 8)

FM-TV, the Journal of Rapio CoMMUNICATION
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NOW! two® FULL WATTS
ANTENNA POWER

S
®

AC OPERATED
| CENTRAL STATION

‘3 *PVFX-4 TWO FULL WATTS OUTPUT 25-50 MC
PVFX-14 ONE FULL WATT OUPUT 150-175 MC

’i SIZE: 117" x 7" x 834" — POWER CONSUMPTION 35 W,

Here’s a portable central station that weighs only 15 lbs. and provides
loudspeaker operation. The PVFX-4 is a complete self-contained 2-way
radio with an output of two full watts! It is AC operated, using the
reliable standard litilefone chassis, operating from AC power pack with
audio aniplifier providing one walt of audio for loudspeaker operation.
Has crystal controlled 10 tube FM transnritter and ultra-sensitive 12 tube
receiver in one compact unit, ready for instant operation. Complies

with FCC regulations. Power consumption is 35 watts.

Just plug in the littlefone Central Station unit in any AC outlet (110
nn s y—— ' volis), and it is ready to give remarkable coverage as a fixed station
for communicating with mobile equipment. Used with standard little-

{fones it is ideal for setting up complete 2-way systems for many indus.

Public Safety

Fire ® Police ® Forestry Conser-

vation @ Highway Maintenance
Special Emergency dependable.

trial applications, and adds new scope to public safety and land trans-

portation operations. Fasy to carry, simple to operate. Thoroughly

Industrial Radio Services

Power @ Petroleum @ Forestry P

Products © Motion Picture ® Relay 4

Press @ Special Industrial ® Low

Power Industrial .
/—_

RADIO, INC.

Lond Transportation

| ( Hiah Truck 7421 S. LOOMIS BLVD. CHICAGO 36, ILLINOIS

nter-City Bus @ ighway Truc . .. . . . .

Railrood ® Taxicab ® Uthan Builders of Precision Radio Communication Equipment
Transit @ Automobile Emergency

Muy 1951——formerly FM, and FM Raplo-ErLecTrONICS 7
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Professional Directory

}andéy & /.?ai/ey

Consulting Radio Engineers

EXECUTIVE OFFICES:
970 National Press Bldg.,
Washington 4, D. C. ME 5411

OFFICES AND LABORATORIES:
1339 Wisconsin Ave., N.W.
Washington 7, D. C.

Member AFCCE

" AD 2414

GARO W. RAY

CONSULTING RADIO ENGINEERS

Standard, FM and Television Services

HILLTOP DRIVE

STRATFORD, CONN. Tel. 7-2465

ANDREW ALFORD

Consulting Engineers

ANTENNAS & RF CIRCUITS

Laboratory and Plant:
299 Atlantic Ave., Boston 10, Mass.
Phone: HAncock 6-2339

¢cINTOSH —
A
&INGLIS

Consulting Radio Engineers

710 14th St. N.W., Wash. 5, D. C.
MEtropolitan 4477

GEORGE C. DAVIS

Consulting Radio & Television
Engineers

501-514 Munsey Bldg.—Sterling 0111
Washington 4, D. C.

AMY, ACEVES & KING, Inc.

Specialists in the
Design and Installation of

HIGH-GAIN
AM, FM, and TELEVISION
ANTENNA SYSTEMS

LOngacre 5-6622
11 West 42nd St., New York 18, N. Y.

SPOT NEWS NOTES
(Continued from page 6)

transmitters are outside thickly popu-
lated sections, so that this situation
should not be serious. :

Don’t Send Stamps:

On such programs as The Great Gilder-
sleeve and the U. S. Steel Theatre, lis-
teners have been urged to send “coin or
stamps” to the Government Printing
Office for copies of the Civil Defense
booklet. However, instructions from the
GPO state specifically: “Do not send
stamps.” The reason is that Govern-
ment departments have no use for them.

1952 NARTB Convention:

It isn’t settled entirely, but the next an-
nual convention will probably be held at
the Waldorf Astoria, New York City,
from April 26 to May 2.

Transmitting Tube Data:

New bulletins from Eitel-McCullough
explains this company’s tube-type num-
bering system, and describe two new
transmitting tubes and heat-dissipating
connectors.

The Need for Networks:

While affiliates are smarting over the
audio broadecast rate cuts initiated by
CBS, a lot of people are beginning to
ask: Are networks necessary? When
broadcasting started, network operation
provided the cheapest way of distribut-
ing live-talent shows. But today, the
audio quality of the best disc and tape
recording is superior to 5,000-cycle lines,
and those media offer release from the
time limitations of programs which must
be scheduled on a nation-wide basis, and
a means of eliminating line charges.

New Tube Plant:

Automatic tube machinery is now being
built for a huge plant which Westing-
house will erect on a 70-acre site at Bath,
N. Y., 40 miles northwest from Elmira.
Initial tube production will be for the
Armed Services, but it is expected that
the plant will be converted to the manu-
facture of tubes for civilian consumption
after the current emergency is over.
About 2,000 people will be employed
when construction is completed.

Bright Idea:

Ray Meyers, Superintendent of Com-
munication at Vallejo, Calif,, reports
that, at a recent CPRA-APCO confer-
ence, a resolution was passed calling on
the FCC to require the use of an iden-
tifying signal on diathermy and indus-
trial heating equipment. Certainly would
make it easier to locate that kind of in-
creasingly troublesome interference.
(Concluded on page 9)

FM-TV, the Jovr~nar of Rapio CoMMUNICATION
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Professional Directory

KEAR & KENNEDY

Consulting Radio Engineers

1302 18th St.,, N. W.  HUdson 9000
Washington, D. C.

GEORGE P. ADAIR
Consulting Engineers

RRadio, Communications, Electronics

1833 M St., N.W., Washington 6, D. C.
EXecutive 1230

RUSSELL P. MAY

CONSULTING RADIO ENGINEERS

* kK

1422 F Street, N.W., Wash. 4, D. C.

Kellogg Building Republic 3984

Member AFCCE

RATES FOR
PROFESSIONAL CARDS

IN THIS DIRECTORY
$12 Per Month for This Standard

Space. Orders Are Accepted
for 12 Insertions Only

WELDON & CARR

Consulting Radio Engineers

WASHINGTON, D. C.
1605 CONNECTICUT AVE.

DALLAS, TEXAS SEATTLE, WASH.
4212 5. BUCKNER 4742 W. RUFFNER

McNARY & WRATHALL

CONSULTING RADIO ENGINEERS
v v v

906 National Press Bldg. DI. 1205
Washington, D. C.
1407 Pacific Ave. Phone 5040

Santa Cruz, Californic
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SPOT NEWS NOTES

Special Services Directory (Continued from page 8) ' \ .

P m‘v Dr. Mervin J. Kelly:
lca“‘e‘ Executive vice president of Bell Tele-

‘1“ lI'll phone Laboratories has been elected
- Jl

president, succeeding Dr. Oliver E.

16-MM Professional Motion Picture Buckley, whom President Truman ap-
Production Equipment pointed chairman for the newly-created '
Science Advisory Committce. Dr. Buck-
J. A. MAURER, Inc. ley was elected board chairman of Bell
37-07 31st Street, L Island City 1, N. Y. ot or)
R stnaell hagor ot |

Variable Loudness Control:

Paul W. Klipsch A continuously variable audio-compen- ‘

Professional Engineer sated control has been brought out by |
Acoustic development . .
and consulting International Resistance Company, 401
Broad Street, Philadelphia 8. It is de-
Kiipsch and Associates scribed in a new booklet that gives com-
building the authentic plete data on specifications, installation,
KLIPSCHORN

vrorld’s finest sound reproducer and performance.

High-Temperature Magnet Wire:

Hope, Arcansas Tel. Hope 995 . .
Sprague Electric has purchased a plant
of 15,000 square fect at Bennington, Vi, -
‘ for manufacturing Ceroc 200 and Ceroc TYPE SR5A TYPE MC9
HAROID M' HEIMARK T magnet wire. Opcration on a 8-shift FREQ 2.0-15.0 MC FREQ 1.0-10.0 MC
Communication Engineers basis will supplement production at their

Specialists in the design of low North Adams plant.
power portable & mobile two-
way radio equipment.

Theodore Lindenberg:

MANUFACTURING FACILITIES Appointed chief design engineer for Pick-
734 N. Austin Blvd. Chicago phone ering & Company. He was formerly in -
Oak Park, Illinois  Estebrook 8-7047 l charge of Fairchild’s instrument and disc TYPE AR23W ——T
recording division, and was president of 0.080 K o MC FREQ 0.8.75.0 MC

the Audio Engineering Society in 1949.

M E A .; U R E M E N Ts Transcontinental Relay: |

CORPORATION Last of the 107 repeater stations of the
—— Bell System  cross-country radio relay >
3 (2L CL 8, was completed this month. Telephone i
manu/acluring scervice will probably start in August, | Tvee s TYPE TCO-1
L B SR TV programs ¢an TEMPERATURE
- ; and it is expected that TV prog FREQ 15.0-50.0 MC CONTROL OVEN
Soeetaticts in th 8’?9”;‘22"5 . . be exchanged between New York and
“'“'ﬂf'szé?eé'@mn?; ’%‘l’“‘s‘é"imtmf:;’n‘éﬁ’“" Hollywood by the end of this year. ‘ “,
BOONTON, N. J. T . Q& X
Cloud-Scraper Towers: %o Wuestions
The 1,057-ft. tower for- WBEN Buffalo, -
THE WORKSHOP and one of 1,017 ft. for WTMJ Milwau- . . M S A
ASSOCIATES kee will be built by the Tdeco division | Concerning LAilitary \Jpecifications !
INCORPORATED of Dresser Equipment Company, Dallas, | ) i } .
Specialists in Tex. The former will be for FM and | }?11;41‘;{,38 gyegtﬁfqgg;fgﬁj;;g
High-Frequency TV, while the latter will be used only | Solid production experience is
1 for TV, since The Milwaukee Journal an important factor when you
AL dropped out of FM some time ago. need “MIL” quality as well as
135 Crescent Road . dependable dehvery-_
Needham Heights 94, Mass. Wire and Cable: Bulletin 42, describing “MIL”
NEedham 3-0005 . stals, will be sent to des/,
Reeves Sounderaft Corporation has pur- gls:gineersw:m requirslt. o wessn

chased outright the Bergen Wire Rope
Company of Lodi, N. J. This concern
manufactures industrial and TV lead-in
Specialists in high - fidelity audio cable, and other types for transmission.
equipment of all standard makes. construction, and marine usc.

Send for Catalog R-51. Complete ons ’

Radio Wire Television Inc.

stocks are carried at each of these J. W. Dawson: __ T i
Audio Headquarters stores: :
100 Sixth Avenue, New York City Appointed chief engineer of Sylvania’s g@?’.@fmls

electronics division. Mr. Dawson was BLILEY ELECTRIC COMPANY -
110 Federal Street, Boston, Mass. formerly in charge of equipment engi- UNION STATION BUILDING -

S Newmk'. N neering at Stamferd Research Institute. | . ERIE, PENNSYLVANIA,
May 19651—formerly FM, and FM Raoio-Erecrroxics 9
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| J =, COMMUNICATIONS §
/| MICROWAVE
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| LIGHTING s

Superior construction features give LOW COST
Vee-D-X sectional towers the highest safety
factor of any tower in its price class.

If you have an elevated installation problem, absolute per-

manency of your installation is assured when you use a :
VEE-D-X sectional tower. Strength is a major factor. Don’t re
take chances with structural failure. Be sure with VEE-D-X!

& Rugged, all-welded construction diagonally Iaced

b

E

i

3

3

¥

.

with angle iron for maximum rigidity. ; ' " 2

5 Adaptor //fl 3 > F ; :%
@ Can be erected on ground or on flat or a2 _
peaked roof. ' ¥ %

Top Mount

® Patented plate spaced at two foot inter- [N
vals prevents twisting and affords rigid- /

ity found in no other tower. /

Safe and easy to climb.

Tower Section e Y |
® Completely galvanized, light weight e : >
tubular steel . . . 20 ft. section 72 1bs. _/ | ' \

-

PRE-ASSEMBLED Coupling

for fast, inexpensive installation

VEE-D-X towers are designed for use at any
height from 10 to 140 feet. They are self-support-
ing up to 20 feet and, where space is limited,
semi-guyed* type installations may be used at 30,
40, and 50 foot heights. Sketch at right shows the
basic parts and necessary accessories for a com- e AT
plete installation. Three types of top mount are — 20" length
available. VEE-D-X towers may be ordered in
separate units or as a complete package for a
specific height. (Either guyed or semi-guyed.)
Write the LaPointe-Plascomold Corporation of
Windsor Locks, Conn. for complete information.
*Semi-guyed towers employ one set of guy cables attached

at a height of 10 ft. up the tower and anchored at a
6 ft . radius from the base.

Turnbuckle :
Equalizer 7

Plate 7 X |
Anchor
Shackle - . Thimble

BUILDERS OF THE WORLD’S MOST POWERFUL ANTENNAS
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WHATS NEW THIS MONTH

CURTIS PLUMMER TO HEAD FCC’S NEW BROADCAST BUREAU — SUPER-POWER
AT WBEN-FM BUFFALO — NARTB CONVENTION DRAWS RECORD ATTENDANCE

HE choice of Curtis B. Plummer,

presently  Chief Engineer of the
FCC, as head of the new Broadecast
Bureau of the Commission, is welcome
news.  We extend our hearty congrat-
ulations lo Mr. Plummer for earning
this promotion, and to the Commission-
ers Walker. Hyde, Jones. Sterling, and
Webster for their wisdom in choosing a
man with practical broadcasting experi-
ence and an engineering background.

Formation of the Broadcast Bureau
marks anolher step in the functional re-
organizalion of the FCC. inaugurated
during Chairman Coy’s administration.
This Burcau, under the Office of the
Chief, will comprise five Divisions, de-
voted to Awral TFacilities, Television
Facilities. Renewal and Transfer, Hear-
mg. and Rules and Standards. Thus a
single Bureau, under its Chief. will be
responsible to the Commission for legal.
accounting, and enginecring functions re-
lated 1o the broadcast services. The
new Bureau will start operation offieially
on June 1.

Supplemental orders to he released re-
define the functions of the Offices of the
General Counsel, Chief Accountant, and
Chief Engincer in the light of the trans-
fer of their broadcast units to the new
hureau. The General Counsel will re-
tain the Tegislative and Administration
Division: the Accounting System Divi-
sion and the Economics Division will re-
main under the Chief Accountant: while
the Field Fnginecring and Monitoring
Division. the Frequency Allocation and
Trealy Division. the Technical Re-
search  Division. and the Laboratory
Division will continue under the Chief
Angincer.  Broadeast licensing functions

will remain under the Office of the
Seeretary.
Mr. Plummer was horn at Boston.

August 15, 1912.  After receiving his
B.S. degree from the University of
Maine in 1935, hie was associated with
WHEB Portsmouth. N. H.. and WGAN
Portland. Maine, until he joined the
FCC as radio inspector at Boston. in
1940. He moved to Washington. in
1941, as an associate radio engineer. and
was advanced rapidly until. four vears
later. he was made Assistant Chief of
the AM broadeast engineering section.
In 1945 he became Acting Chief of the
TV Broadcast Division, and Chief of
that Division the following year, suc-
ceeding George Sterling as Chief En-
gineer of the FCC on April 3, 1950.

We have high expectations of our fel-

low Bostonian. and we look for wise and
progressive administration of the new
Bureau to which the broadcasters will be
responsible, and which will inevitably
exert great influence on a large segment
of the radio equipment manufacturing
industry.

A STATEMENT OF
CONFIDENCE IN FM —
FROM BUEFALO, N. Y.

DWARD H. BUTLER, president of WBEN, Inc.,

has announced that construction has begun
on one of the tallest radio towers in the world
for WBEN-FM and that the radiated power of
the FM station will be increased to 105,000
watts. Elevation of the transmitter site is 1,642
feet above sea level. This added to the height
of the new tower will give WBEN-FM a range
which will reach out to give radio service to
listeners in New York and Pennsylvania who
have heretofore experienced n2isy recéption,
particularly in the evening hours.

WBEN-FM went on the air with six kilowatts
of radiated power on Nov. 11, 1946. Since
that time, FM has not experienced its antici-
pated growth due to factors which all in the
industry recognize. WBEN has continued its
interim operation without interruption and is
convinced that the future of FM is bright,
though more remote than was originally ex-
pected. We are backing this belief with a
major investment to aive the finest FM service
which engineering resources can provide.

One of the impediments which slowed the
acceptance of FM was the arrival of TV. Now
the initial TV excitement is over in Western
New York, and we believe that radio, both
AM and FM, will continue to hold its place in
the habits of the population. A second impedi-
ment was the fact that FM receivers were
difficuit to tune and had a strong inclination to
drift. Some newer models have overcome these
deficiencies and we believe that manufacturers
whose product has been outstripped by those
of their competitors will not be content until
all FM receivers are easy to tune and resistant
to drift.

WBEN is going ahead with this major FM
investment, with the conviction that the accept-
ance of FM will accelerate in the months and
the years ahead. We will back FM by a whole-
hearted promotional effort to show listeners,
particularly those in AM fringe areas, that FM
is a superior means of reception. Meanwhile,
WBEN-FM, as in the past, is a bonus to those
who use the FM facilities of WBEN, and will
continue to be until the economic structure of
radio indicates that some adjustment should be
made.

A. H. KIRCHHOFER

Vice-President
WBEN, NBC Basic Station

HE NARTB convention at Chicago
was a thorough going success from
every point of view. Record attendance
of more than 1.500 provided worthwhile
discussion and exchange of ideas, and
that is the principal justification for the
time and expense involved in attending
any convention. Biggest thrill was the
large-screen reception of General Mac-
Arthur’s address to the joint meeting of
the House and Senate.
The CBS rate cut and FCC Chairman
Coy’s defense of the North American

May 105 [—formerly FM, and FM Rapw-Erzcrronics

Regional Broadecasting Agreement fur-
nished the management group with sub-
Jects for hot debate.

Neil McNaughton, NARTB director
of engineering, did an admirable job of
assembling speakers and papers on a
wide range of techmical subjects cover-
ing AM, FM, and TV broadcasting.

The exhibits were small in number
and. except for RCA’s, somewhat meager
in the amount of equipment displayed.
This was to be expected, for sales volume
iz at a lull-before-the-storm level right
now. But next year, assuming the ex-
pected progress in authorizing new TV
stations. the exhibits should be the out-
standing feature of the convention — if
materials are available to the manufac-
turers.

This was the first time that there was
no word around about folding np FM.
Last year, when the convention opened.
we reccall that Ed Sellers, who had just
joined NARTB as head of the FM de-
partment, was ready to look for a new
job!  Since then, he has performed so
many useful services for FM, and FM
has made so much progress. that it seems
certain that Ed Scllers and TM broad-
casting are here to stay.

There was cnthusiastic response to the
proposal that FM stations undertake
the promotion, at their own expense, of
good receivers. This seems to be the
most effective way to put pressure on
manufacturers who are making FM sets
of poor performance, or none at all.

At the business session. a resolution
was passed calling on the NARTB board
ta participate in FCC proceedings in-
volving special FM  services, on the
theory that they should be encouraged
in behalf of overall industry growth.

Judge Justin Miller. who has so skill-
fully piloted the Association through the
postwar years. now becomes chairman of
the board. He will be succeeded by
pesident-elect Harold Fellows.

NDER an FCC order to be effee-

tive on June 13, facsimile trans-
mission by FAM broadeast stations will
have an established position as a com-
mercial service. The report and order
No. 62424, issued May 3, climaxes an
effort initiated by John V. L. Hogan on
May 27, 1949, to have the Rules and
Regulations amended to permit multi-
plexed aural and facsimile transmission
on an unlimited time basis, and to
have the provision deleted under which

(Concluded on page 30)
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FIG. 1.

STANDARD ZENITH VHF TELEVISION TUNER.

THE TURRET CAN BE SEEN AT THE REAR

ZENITH VHF-UHF TUNER

A NEW CIRCUIT DEVELOPMENT FOR RECEPTION
OF INTERMIXED TV CHANNELS — By JOHN BELL*

COE\II\IERCIAL televison broadcast-
ing on the UHF band is coming close
to reality. One of the problems brought
up by the establishment of this service
will be the question of what to do with
VHF receivers now in the hands of the
public. Obviously. provision for adapting
these scts to UHF reception would be
very desirable. However, because of the
very strong pressure to reduce the cost of
television receivers, adequate provision
for this conversion has not been included
in most designs.

One obvious solution to this problem
1s the conventional UHF converter, but
this involves an extra oscillator and
mixer, a separate chassis, and perhaps
a cabinet. This is at best a makeshift,
and experience has indicated that there
1s limited demand for such an auxiliary
unit. Also, the spurious responses and
poor oscillator stability which naturally
result from the use of two oscillators in
the overall UHF receiver require elab-
orate corrective measures in the design
of a converter.

Zenith recelvers solve this problem
through the use of replaceable, inter-
changeable VHF and UHF channel strips
which are mounted on the turret tuner.
The turret can be seen at the top of Fig.
1, and its circuit details are shown in
Fig. 4. A special UHF channel strip has
been designed which converts the tuner

*Engineering Department, Zenith Radio C_Orpora~
tion, 6001 Dickens Avenue, Chicago, Illinois.
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to a conventional superheterodyne. The
local signal on which the mixer operates
is derived from a harmonic of the VHF
oscillator already in the receiver. Since
all the changes necessary to accommo-
date UHF are made on the channel strips
themselves, no alterations are involved
in the receiver except the installation of
the appropriate UHF strips.

VHF-UHF Antenna Problem:

Another problem which arises in the con-
version to UHF is that of altering the
antenna installation. Where UHF signals
are strong enough, adequate reception is
possible on a VHF antenna, in which
case the insertion of UHF channel strips
to replace unused VHF channels repre-
sents the only necessary change. In
other locations, the owner will require a
separatc antenna for each band, and a
manual switch to connect the appropri-
ate antenna to the receiver.

Such a switch, however, can be elimi-
nated by using the high-pass, low-pass
filter shown in Figs. 2 and 8. This filter
effectively isolates the low-band antenna
from the transmission line at all UHF
frequencies and, conversely, isolates the
UHF antenna from the transmission line
at all VHT frequencies. Each antenna
performs on its respective band substan-
tially as if the other antenna were absent.
The filter makes it possible to bring sig-
nals from both antennas down to the
receiver on a single transmission line.

Thus, the installation inside the owner’s
home requires no extra connections and
no external converter.

Experience to date indicates that it is
desirable to use the tubular type of twin
lead rather than the flat type, because
rain and moisture increase the attenua-
tion more on the flat type of transmission
line. Where a long line is necessary out
of doors, perhaps even the tubular type
will have too much attenuation in wet
weather, although for short runs of 20
to 30 ft. the attenuation is quite toler-
able.

Turret and Shelf Assembly:

A photograph of the revolving turret and
associated components mounted on the
adjacent shelf is shown in Fig. 1. For
VHF tuning, the circuitry is conven-
tional in that a 6AKS5 (or 6CB6 or
6AG5) RT stage, a 6AG5 mixer, and a
6C4 oscillator are used. The shelf
assembly incorporating these components
is a self-contained unit with the IF out-
put connection provided by the short
length of coaxial line at the right. This
unit is serewed to the turret mounting.
The turret is normally provided with
positions for thirteen VHF channel strips
of the type shown m Fig. 5. A heavy-
duty, positive indexing spring is provided
so that the channel strips are always
positioned accurately.

Oscillator Alignment and Operation:

Although the exact oscillator alignment
procedure varies somewhat with differ-
ent models, the procedure on the Zenith
model H will serve as an example. On
this model, each channel strip, with the
exception of channel 7, is provided with
an oscillator trimmer, and the oscillator
itself has a fine tuning control which is
brought out behind a door on the front
panel. In order to achieve precise tuning
on the turret, the oscillator tank is first
standardized on channel 7 by means of
a small slug adjustment, shown second
from the right at the bottom of the shelf
in Fig. 1. When this adjustment is being
made, the fine tuning control, which is
the bakelite shaft shown coming out at
the right end of the shelf, must be set
near its midposition. Then all the re-
maining channel oscillator trimmers are
set for the exact oscillator frequency re-
quired on each channel. Long term drift
can be corrected by setting the fine
tuning control.

Stability in this oscillator is achieved
by mounting a high-@ oscillator tank
circuit on the shelf itself. and making
direct connections between this oscillator
tank and the oscillator tube. When no
channel strip or the strip for channel 7
Is In position, the frequency of the oscil-
lator is near the middle of its range of
100 to 168 mc. The oscillator is shifted

FM-TV, the Jour~xal of Ranio CoOMMUNICATION
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to the specific frequencies for each chan-
nel by means of a small capacity or a
large inductance on each channel strip.
In this way, the smallest possible portion
of the total oscillator tank current flows
through the turret contacts, resulting
in much smoother operation and more
accurate positioning of the oscillator fre-
quency. Contact troubles are further
reduced by means of plastic guides on
the shelf which make it impossible for
the strip contacts to enter the shelf con-
tacts improperly. This restricted oscil-
lator range is made possible by operating
the oscillator above the signal frequency
on the 54 to 88-mc. band, and below the
signal on the 174 to 216-mc band. This
lype of operation is in turn made possible
by the use of intercarricr sound and the
symmelrical IF pass band shown in Fig.
6. The sound and picture frequencies
are shifted in the passband in going from
the low band to the high band as indi-
cated on the IF pass band curve.

UHF Channel Strips:

The difference between the two types of
channel strips is apparent from Figs. 5
and 7, which show the VHF and UHT
sirips respectively, with the block dia-
grams in FKig. 8.

Incorporated on the UHF channel
strip is the UHF preselector; the UHF
crystal mixer which derives its local sig-
nal from a crystal multiplier between the
mixer and the VHE oscillator; and coils
for tuning the RF grid and plate, and
the converter grid to the intermediate
frequency. The 6AG5 converter output
connection remains unchanged. These
circuit changes are made entirely on the
channel strip itself.

The entire high-frequency portion of
the UHF channel strip is housed in a
small metal die-casting, Fig. 7, having
threc separate cavities. The RF, mixer,
and multiplier tuned circuits are
mounted inside these cavities, and are
thus completely shielded from each other
and all external influences such as the
cflect of adjacent channel strips and
hand capacity. The housing is mounted
by means of four screws to a small metal
bracket which also forms a positioning
channel into which the multiplier erystal
is mounted. This holder is in turn
mounted to a bakelite strip, shown in
I"ig. 9, which carries all of the contacts.
The bakelite strip, the contacts, and the
oscillator coil are all very similar to the
correspounding arrangement on the VHF
channel strips. The housing can be re-
moved by unsoldering two leads (multi-
plier crystal and IF output) and re-
moving the four mounting screws.

Circuit diagrams of both UHF and
VHEF channel strips are given in Fig. 9.
The inductance for the UHF tuned cir-
cuits is supplied by small solenoids
wound with flat strip as shown in the

FIG. 2. FILTER FOR VHF AND UHF ANTENNAS

exploded view of Fig. 10. The capaci-
tance for these circuits is a combination
of three capacities: 1) the capacity be-
tween the top end of the coil and the
cavity, 2) the distributed capacity of
the coil, and 8) the capacity of the ad-
justable tuning screw as it enters the top
end of the coil.

A tuned circuit made in this way has
an extremely small tuning capacity, of

N9 A9
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1 :L 0,
=
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Niga 993 3.31 —
;.0794 —[
o F EIE Lot LINE
19 ne s
> 0" m RECEWER
Ui 1l
2.06 2.06 <
o
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ANT. .0745 %_, | e
&3
2.06 2.06 LE"-
CAPACITIES 1IN MMF.
INDUCTANCE (N MICRO H.

FIG. 3. CIRCUIT OF THE ANTENNA FILTER

the order of .5 to 1 mmf., and therefore
a relatively large tuning inductance. For
example, the coils which tune to the
bottom third of the UHF band have 614
turns wound on a mean diameter of .2
in. A coil of this shape and size has
nearly optimum &, which is approxi-
mately 500 at the bottom end of the
UHT band, and increases with frequency.

Circuits having unloaded @’s of this
order assure that the loss in the preselec-
tor will be small, since nearly all of the
damping on the preselector circuits is
provided by the antenna on the input
and the crystal on the output. Tuned
circuits formed in this way are extremely
simple and rugged, especially in regard
to the tuning adjustment described
above. This provides extremely smooth
and stable adjustment throughout the
tuning range of the housing. Since the
minimum capacity of the circuit is ex-
tremely small, useful tuning ranges are
achieved with very small tuning capaci-
ties. With these tiny cavities (7/16 in.
im diameter by 73 in. long), tuning
ranges of 200 me. in the UHF band are
easily achieved.

Because of the shielding afforded by
the cavities, it is possible to remove all
coupling elements between the antenna
and the mixer except the desired one
which, in this case, is the common coup-
ling inductance L2. This inductance is
in the form of a cyclindrical bushing
which mounts a terminal lug for the low-
potential end of the antenna and mixer
coils. The bushing and terminal can be
seen in the exploded view, Fig. 10. With
a single purely inductive coupling ele-
ment and variable capacity tuning, the
bandwidth is proportional to frequency.
Thus the variation in bandwidth over
the 200-megacycle tuning range is ex-
tremely small and predictable. In an
earlier, unshielded structure, several
coupling mechanisms were involved, and
resonances in the coupling impedances
were a constant source of trouble. The
totally shielded structure completely
eliminates those problems.

The antenna is inductively coupled to
the first tuned circuit by means of a
small loop of enameled wire inserted at
the bottom end of the antenna coil. The
mixer coil is coupled to the crystal mixer
by means of another small loop at the
bottom end of the mixer coil. The IF
load impedance is developed across a 20-
mmf. ccramic disk capacitor which also
serves as an RF bypass condenser in the
mixer circuit. This condenser is soldered
to a small, cold-rolled steel plate which
is also a terminal lug for the low-poten-

CAP. IN MMF.
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1000 AGC.

—
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FIG. 4.
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FIG. 5.

THE VHF TUNING STRIP.

tial end of the multiplier coil. The
assembly is then riveted securely to the
housing to provide an extremely low-
inductance bypass. The mixer circuit in-
cludes a small portion of the multiplier
coil, so that injection voltage appears in
series with the mixer crystal and the sig-
nal induced in the mixer coupling loop,
as may be noted in Fig. 9.

In the antenna and mixer circuits, the
coupling between the circuits is adjusted
for correct bandwith, and the damping
is set by adjusting the coupling of the
antenna and mixer coupling loops such
that very nearly critical coupling and
equal @’s are obtained. This is deter-
mined by the design of the loop, and is
not a part of the alignment procedure.
When both the conditions are met, cor-
rect bandwith and matching is obtained,
through the preselector filter, between
the antenna and the crystal mixer.

With the current bias applied, as will
be explained later, it is possible to make
this adjustment accurately with nto ex-
citation to the mixer crystal from the
multiplier circuit. The adjustment can
be made simply and easily with a sweep-
ing oscillator and oscilloscope.

At these frequencies, extremely small
stray coupling elements become effective.
So small are they, in fact, that they
secm almost to float in the air. For this
reason, careful shielding is necessary to
take full advantage of the theoretical
skirt characteristics of the preselector. If
this is not done. portions of energy will
bypass the preselector entirely at some
frequencies, and the preselector therefore
cannot be depended upon to attenuate
spurious responses. Although the shield-

FIG. 7. HOUSING AT RIGHT

FIG. 8 SHOWS THE BLOCK DIAGRAM, WITH THE CIRCUIT IN FIG. 9

ing on the channel strips is quite
thorough, it is still not perfect, with the
result that the expected skirt charac-
teristics are available to somewhat in
excess of 40 db.

The local signal for the mixer is pro-
vided by the multiplier ecrystal, shown
in Fig. 5, mounted within the holder
slightly to the left of the center of the
channel strip. This diode is connected
to the oscillator by a blocking condenser,
using a 22,000-ohm diode load resistor, in
order that the current through the multi-

OF UHF STRIP CONTAINS RF,
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FIG. 6. [INTERCARRIER SOUND AND |F PASSBAND

plier crystal will consist of pulses flowing
at the peaks of the oscillator sine wave.
The current, containing harmonics, flows
through the crystal and into the multi-
plier output circuit wherc it develops a
voltage at the desired harmonic fre-
quency, thus supplying power to the
mixer crystal at the proper frequency.
The 22,000-ohm load resistor is not
critical but is optimum for the following
reasons: If the resistor were of a higher
value, little power would be extracted
from the oscillator circuit, and only a
small amount would be available at the
harmonics. On the other hand, if the re-
sistor were smaller, the oscillator would
be loaded more and, in the extreme,
would cease to oscillate. Also, for very

MIXER, AND MULTIPLIER CIRCUITS
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small load resistors, the diode current
wave form would not contain the sharp
corners necessary for effective harmonic
generation. Because the multiplier out-
put circuit is very selective, only the de-
sired harmonic is applied to the mixer
crystal. Thus conversion is achieved by
injection of the fundamental rather than
by harmonic injection with its larger con-
version loss. The power required to
achieve optimum conversion in the mixer
is quite small, but the harmonic power
output of the crystal multiplier is also
small, and great care is required in order
to achieve adequate injection. The
multiplier crystal mounting provides a
low-impedance return for both the low
and high-frequency components of the
crystal current.

Current Biasing of Crystal:

Even with these precautions, the power
available to the mixer on some harmonics
was found to be inadequate, and per-
formance was therefore variable. This
was corrected by the combination of the
germanium crystal mixer and current
biasing of this crystal.

The current bias is provided by a 270,-
000-ohm resistor, Fig. 11, to a B-plus
terminal on the strip. This resistor pro-
vides the only path by which direct cur-
rent can flow through the crystal and,
therefore, the crystal current is deter-
mined only by the B plus supply volt-
age divided by the resistance, or approxi-
mately .5 milliampere. Because of the
static characteristic of the crystal, such
current bias automatically selects an
operating point near the maximum curva-
ture on the crystal characteristic, for a
wide variety of crystals, thereby assur-
ing that minimum excitation power will
be required. It also has the advantage
that the damping presented to both the
RF and IF circuits by the crystal is
largely independent of excitation.

Excitation can be measured by con-
necting across the crystal a voltmeter
having a full-scale reading of a few
tenths of a volt. With no excitation, the
drop across the crystal will be approxi-
mately .2 or .3 volt. As excitation is in-
creased, this voltage will drop back to-
ward zero or beyond. The multiplier
output circuit can be peaked to the de-
sired harmonic by observing this dip in
voltage.

Oscillator Tuning:

As on the VHF strips, the oscillator fre-
quency is determined by the inductance
or capacity across the oscillator contacts
on the channel strip. However, it was
desired to manufacture UHF strips
capable of being tuned to as wide a
range of frequency as possible, in order
to minimize the different types of strips
required. Also, it is desirable in every
case to have at least some capacity
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FIG. 8. BLOCK DIAGRAMS OF THE TUNING STRIPS

than on VHF. Actual use of these units
in the field has shown the oscillator
stability to be entirely adequate for the
UHF band and, in fact, with intercarrier
sets, service personnel were unable to
detect the existence of any oscillator
drift.

Mixer Output Circuit:

The mixer output circuit is shown iIn
simplified form in Fig. 11. The 20-mmf.
RF bypass condenser is tuned to mid-
band by means of the IF input induct-
ance. The ungrounded side of the con-
denser forms the output terminal of the
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FIG. 9. CIRCUITS OF THE COMPONENTS ON THE TUNING STRIPS.

across the oscillator contacts to serve as
a bypass for the harmonic frequency
currents.

For these reasons, the oscillator fre-
quency-determining elements on the strip
consist of an inductance and capacity in
parallel, whose net reactance determine
the oscillator frequency. The oscillator
is thus adjustable over a wider range of
frequencies with a simple slug-tuned coil
than would be possible with an induct-
ance or capacity trimmer alone. In order
to further increase the range of this coil,
a double slug was used, consisting of ad-
jacent iron and copper portions. This
slug and the condenser were designed to
minimize temperature drift in order to
realize the best possible frequency sta-
bility. The trimmer inductance is
mounted on the bracket proper, for
greater rigidity and case of adjustment,
since the oscillator frequency in the
UHI band must be held to closer limits

NUMBERS ARE FOR TURRET CONTACTS

mixer, and between this terminal and
ground is connected a series resonant cir-
cuit consisting of a tuning inductance
and the grid-cathode capacitance of the
6AK5 (or 6CB6) IF amplifier. At res-
onance, then, the crystal output is effec-
tively short-circuited by a series resonant
circuit. There is, however, a voltage
developed across C6 which is applied to
the IF amplifier. Connected in this way,
the crystal forms practically the entire
damping on the first tuned circuit in the
IF amplifier. There is no loss in noise
factor due to matching in the output of
the crystal. The crystal output resist-
ance is approximately 180 ohms. The
ratio of the open-circuit crystal output
voltage to the Ist IF grid voltage is de-
termined by the ratio of this resistance
to the reactance of C6 since, at reso-
nance, substantially the same current
flows through both elements. Two block-
ing condensers, C4 and C5, are provided

May 1951—formerly FM, and FM Rapio-ELecTrONICS

WWW americanradiohistorvy com

to permit the cwrent bias to flow
through the erystal and also to make
possible the application of AGC voltage
to the 6AIKS5 grid. This IF circuit and
the interstage circuit following the 6AK5
are formed by small fixed-tuned coils
mounted directly to the RF grid, RF
plate, and converter grid terminals on
the strip. Equal @’s in these circuits
are uscd to minimize the effects of de-
tuning due to tolerances. The resistor
needed to achieve this required damping
is used as the form for the tuning coils.
In the case of the crystal output cireuit,
both coils I.1 and L2 are mounted on the
same dummy resistor form.

Non-Intercarrier Sets:

Farly receivers used non-intercarrier
sound and 21 to 27-mec. IF. When the
UHY channel strips are adjusted for
appropriate IF and oscillator frequencies,
they operate equally well on such re-
ceivers. The cffects of oscillator drift are,
of course, more apparent than is the case
with intercarrier sets, and the setting of
(Continued on page 26)

FIG. 10. COMPONENTS OF THE UHF HOUSING UNIT
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THIS MAY BE ANOTHER PLOTSKY

FCC’S ATTACK ON SPECIAL FM SERVICES MAY INDICATE AN

INTENT TO

DESTROY “THE FINEST AURAL BROADCAST SYSTEM” — By MILTON B. SLEEPER

HE contention by the Federal Com-

munications Commission that func-
tional-music stations do not “achieve
compliance with all lawful requirements”
of the Communications Act of 19384, and
the FCC Rules and Regulations brings
into focus certain aspects of Government
regulation, as exercised currently by the
Commission and its Legal Department,
that call for immediate, careful review,
and ultimate revision.

As Chairman Coy pointed out in a
recent address, the FCC enjoys very wide
discretionary powers. Congress intended
this, recognizing that the Commission
would have to deal with new situations
that would arise in the course of scien-
tific progress. In fact, the Commission
is charged specifically with encouraging
thie adoption and use of technical im-
provements to the end that public inter-
est, convenience, and necessity shall be
served to better advantage.

Nevertheless, against the dissenting
opinions of Commissioners Sterling and
Jones, Commissioners Coy, Walker,
Hyde, and Webster were “constrained to
conclude from our study of your replies
to our inquiries that the ‘beep’ services!
in which you [WRLD, WACE-FM,
WMFM, and KDFC] are presently en-
gaged are inconsistent with basic statu-
tory and administrative duties incum-
bent upon licensees of broadcast facil-
ities.”

Bearing in mind the Commission’s
wide discretionary powers in administer-
ing the Communications Act, one is con-
strained to ask: Was that decision
necessary?

Certainly the authors of the Act of
1934 did not intend to forbid broadcast
licensees from providing functional musie
service, nor any of the other special, new
services which can be provided only on
FM transmission.

The Finest Aural System:

Five years ago, Charles R. Denny, then
FCC Chairman, said: “The Commission
has expressly authorized me to say to
you again that it is our opinion that FM

* Eprror’s NoTE: This descriptive term is inaccur-
ate and misleading. In its common and accepted
use, “beep” indicates a short audio-frequency tone,
such as is transmitted when a telephone conversa-
tion is benig recorded. ‘‘Beep service” has been
used to describe and identify the special type of
broadcast transmission proposed by Muzak, during
which interfering audio tones are transmitted in
order to discourage listening on the part of those
who do not rent devices to remove the ‘“beep” at
the receiving end. Functional-music transmission
does not employ interfering, audible signals, and
listeners using standard receiving sets can hear
nothing that differentiates a station providing
functional-music service from one that does not.
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is the finest aural broadcast system ob-
tainable in the present state of the radio
art.” Since then, that opinion has been
confirmed by several million FM broad-
cast listeners.

The vicissitudes of FM broadcasting
require no review here. That it has sur-
vived is ample evidence of widespread
conviction that it will ultimately, how-
ever belatedly, replace AM. The ills
from which it now suffers are only those
which can be cured by added operating
revenue.

Functional-music stations have met
this problem by performing special serv-
ices in the course of transmitting con-
ventional programs of musie, commercial
spots, and station announcements. That
is, for the benefit of those who choose
te rent specially-equipped receivers, they
transmit inaudible signals that operate
relays in the sets to silence the speakers
between musical selections.

This, it must be noted, does not affect
reception on the part of the station’s
nominal radio audience. It is, however,
a means of making musical entertain-
ment available in restaurants, hotels, and
factories where radio reception was never
used before, and where it would not be
tolerated now if it included voice an-
nouncements.

Yet on April 11, the Commission ad-
vised four of the stations currently fur-
nishing this extra service that it is “of
the view that your operations are not in
accordance with the requirements of the
Communications Act, and the Commis-
sion’s Rules and Regulations.” Further,
the stations are called upon to “submit a
statement showing how you intend to
achieve compliance with all lawful re-
quirements.”

There was no intention, when the
Communications Act of 1934 was writ-
ten, to ban functional music as service
in addition to that performed for home
listeners, or as a source of station reve-
nue. Why should the FCC now assert
that the Act and the Rules “contemplate
that the categories of information there
defined will be transmitted to the sta-
tion’s entire audience; they admit of no
discretion on the part of the licensees to
introduce exceptions thereto for the bene-
fit of subscribers to ‘special services’ or
other selected listeners.”

That may be the way the FCC chooses
to imterpret and apply the Act and the
Rules, but they contain no specific or im-
plied provision that indicates an inten-
tion to forbid a broadcaster, either vol-

untarily or for pay, to cooperate with
those who, for reasons of their own, wish
to substitute automatic control for man-
ual operation in silencing certain parts
of radio programs.

The FCC acknowledges, with admir-
able restraint, that: “Members of the
public are free to tune in or out any
material they desire.” However, “Li-
censees are required to operate their sta-
tions in accordance with the requirements
of the Communications Act and the
Commission’s Rules and Regulations. One
of these requirements is that certain an-
nouncements be made to the audience.”

Now, it should be noted that the re-
quired announcements are made by the
functional-music stations. But here is
the hook the Commission has dreamed
up to catch these broadcasters: “You
cannot prevent members of the audience
from voluntarily tuning out such an-
nouncements. This does not, however,
permit you to broadcast a [supersonic]
tone which prevents a portion of the
audience from hearing the announce-
ments.”

In other words, people can’t, accord-
ing to the Commission, extend their
right to cut out portions of a broadcast
to the extent of paying a station to do
it for them. To some stations, that reve-
nue represents the difference between
operating at a profit or a loss. On this
point the FCC shed a crocodile tear:
... it accordingly views with sympathy
attempts on the part of pioneers in this
meritorious and, as yet, in the main un-
profitable, field of broadcasting, to en-
sure the solvency of their operations.”

It should be noted that the Commis-
sion did not offer any objection to or
criticism of functional-music programs.
From listeners, there has been only the
highest praise for the agreeable quality
of the type of selections transmitted; the
usefulness of interspersed time signals,
weather reports, and news items; and the
moderate, low-key style of the commer-
cial announcements.

The Commission’s action against the
functional-music stations, therefore, can
be regarded only as an example of Gov-
crnment control administered to express
some private ideology, with complete dis-
regard for public interest, convenience,
and necessity.

Another Plotsky Plan:

The fact that the law seems to have
been fitted to the requirements of a pur-
(Continued on page 30)
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FiG. 1.

COMPLETE 450 MC. MOBILE TRANSMITTER AND RECEIVER ARE SHOWN WITH COVER REMOVED AT THE LEFT.

450-MC. MOBILE EQUIPMENT

INFORMATION ON THE 450-MC. EQUIPMENT GOING INTO SERVICE FOR THE
YELLOW AND CHECKER CABS IN CHICAGO, THE FIRST TO USE THIS BAND

LERFORMANCE of the initial 450-

me.  equipment installed for the
Yellow and Checker Cab Companies in
Chicago has definitely confirmed pre-
vious investigation reports, and has
launched the usc of the new band on a
wide expansion in the 2-way communi-
cation services.

¢ sAan s e R aE Rz
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Results obtained in Chicago show that
450-me. operation over areas of limited
radius 1s equal or superior to that on 152
to 162 mec. Presumably, additional
coverage on 450 me. can be obtained by
the use of higher power. To summarize
the situation, it can be said that there is
no question now about the practicability
of using this band for mobile service. In
fact, further study will probably show
that. under certain conditions, systems
can be planned to take advantage of the
limited radius and sharp signal cutoff at
the service perimeter, thereby obtaining
operational and economic advantages.

As an example of this, the Link Radio
system for Chicago Yellow and Checker

FIG. 2, ABOVE: THE 4-WATT STATION UNIT. FIGS.
3 AND 4: REAR AND FRONT VIEWS OF THE 100-
WATT TRANSMITTER AND THE RECEIVER

cabs is planned to cover the city with
eight transmitters with a checker-board
distribution of two transmitting fre-
quencies.

Fig. 1 shows the design of the mobile
transmitter-recciver. At the left is a
standard 162-me. transmitter and re-

(Concluded on page 38)
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LEFT: SMALLER MIKE
Shown in the photograph
is a small-size uni-direc-
tional microphone employ-
ing a moving coil system
having a high overall ef-
ficiency and smooth fre-
quency response. Large
air-gap clearance and rug-
ged coil construction pro-
vide immunity to abnormal
atmospheric conditions and
severe mechanical shock.
This ultra-cardioid micro-
phone is approximately
one-half the size of its
companion in the line, and
yet refains all the direc-
tional  qualities. Shure
Bros., 1 N. La Salle, Chi-
cago 2

REVIEW OF NEW COMPO

INTERESTING DESIGN TRENDS, PARTICULARLY TOWARD SMALLER DI

RIGHT: NON-CRITICAL FERRITES
High-permeability ferrite parts such as trans-
former cores and antenna cores for television
and electronics are now available in non-critfi-
cal, nickel-free materials., These materials are
being manufactured at a new plant devoted
solely to the production of ferrite parts. Com-
plete technical information is contained in
Engineering Bulletin FC-5101, available upon
le*terhead request. Ferroxcube Corp. of America,
50 E. 41 St, New York 17.

RIGHT: MINIATURE VARIABLE RESISTOR
A new, miniaturized variable resistor has been
developed which is described as having un-
precedented high-temperature and humidity sta-
bility. Manufactured from specially developed
materials, it is designed for use in all types
of military communications, such as in air-
craft operating in tropical areas, where tem-
perature and humidity vary tremendously from
ground level to extreme altitudes. Chicago
Telephone Supply Corp., Eikhart, Ind.

LEFT: TV FLYING SPOT SCANNER

The television flying spot scanner pictured is
used to convert slide information to a video
signal suitable for television broadcasting. It
makes possible the effective and economical
handling of commercials, test patterns, spot
news, and other TV slide information. This
unit can also be used to obtain flexible ar-
rangements between two scanner units, or to
achieve montage effects. Federal Telecom-
munication Laboratories, Inc., Nutley, N. 1.

RIGHT: SKIRTED ONE-PIECE TUBE CAP
Shown is a new high-voltage, low-loss tube cap
for miniature tube applications. The wire insu-
lation and iong skirted grid-cap insulation are
molded in polyethylene as one homogeneous
unit. The long skirt prevents danger of flash-
over from cap to chassis at high voltages. The
single-mold feature gives strain relief of leads
and also provides 100% insulation. For use
with 1X2 or similar tubes. Alden Products Co.,
117 N. Main St., Brockton 64, Mass.

LEFT: VIDEO PICTURE GENERATOR
Pictured is a low-cost TV picture generator us-
ing 3 by 4-in. slide transparencies and nega-
tives. Designed to supplement or replace mono-
scopes and camera chains, it is completely
self-contained with regulated power supplies.
The wunit, designed to meet RTMA picture
quality specifications, runs on standard driving
pulses, off-the-air sync, or on self-contained
sweep generators. Telechrome, inc., 88 Mer-
rick Rd., Amityville, L. I.

RIGHT: MINIATURE INDICATOR FUSEHOLDER
A new miniaturized indicating fuseholder that
instantly spots a blown fuse, is now ready for
commercial application after being developed
under a government contract. The unique de-
sign has a neon bulb and double contacts
molded as an integral part of the lens. The
neon bulb, which glows when the fuse has
blown, can be seen from any angle, giving an
immediate indication of trouble. It has easily
accessible solder tabs. Alden Products Co.,
Brockton, Mass.

LEFT: UHF TELEVISION TRANSMITTER TUBE
The ceramic power tube illustrated is capable of
operating up to and beyond the top frequency,
890 mc., of the proposed UHF television chan-
nels, and was designed primarily for such trans-
mission. The use of ceramic minimizes high-
frequency losses and makes envelope cooling
problems less difficult than in glass tubes.
Water pipes are so arranged that connections
can be made outside the RF cavity. General
Electric Tube Division, Syracuse, N. Y.

RIGHT: KT66 NOW AVAILABLE IN U. S.
Britain’s famous KT66 power amplifying tube is
now available in the United States. This tet-
rode is an especially fine tube for use in the
output stage of quality audio amplifiers or as
an oscillator in RF power amplifiers up to 30
mec. It is suitable for either single or push-pull
audio operation and is interchangeable with a
6L6. This is the output tube specified in the
original Williamson amplifier. British Industries
Corp., 164 Duane St.,, New York 13.
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NENTS AND EQUIPMENT i i

wire-wound resistors and
rheostats. The rheostat line
MENSIONS AND THE USE OF HIGHER FREQUENCIES, ARE INDICATED has eleven models, stand-
ard and enclosed, in sizes
from 25 to 750 watts.

LEFT: MICROWAVE TUNER The 33 resistor styles are
The E-H tuner is designed to offer utmost con- of five types, each type
venience in matching sections for tuning out available in a complete
discontinuities in high power systems, or tun- range of sizes, wattages,
ing systems where low leakage is essential, It and resistance values. Oh-
consists of a hybrid waveguide tee, with mov- mite Mfg. Co., Chicago.

abie contacting shorts placed in both shunt and

series arms, and permits reduction of VSWR’'s

as high as 20:1 to values of less than 1.02,

and is intended for such use. Hewlett-Packard RIGHT: NEW SWITCHES

Co., 395 Page Mill Rd., Palo Alto, Calif. Rotary selector switches
are now available with as
many as 6 poles, 15 posi-

LEFT: MICROWAVE DUMMY LOAD tions per pole, on each
This power-dissipating termination is de- deck. This large number
signed for use as a dummy load for high-power is made possible by a
transmitters, and fér testing tube characteris- patented type of rotor arm
tics and transmitter output. It consists of a which insures low contact
rectangular waveguide section containing a resistance and  uniform
high-loss material carefully tapered for low contact pressure over the
VSWR. Cooling fins on the waveguide exterior life of the switches. Silver
effectively dissipate power absorbed by the alloy contacts and rotor
unit. Two models are offered in various slzes. arms are used on all units.
Hewlett-Packard Co., Palo Alto, Calif. Daven Co., Newark, N. J.

RIGHT: HIGH-SENSITIVITY METER

This high-sensitivity wvolt-ohm-milliammeter is
the thinnest instrument of its kind. Highly ac-
curate, and compact in design, the large 5-in.
lucite meter case gives increased readability.
It is battery operated, making it a useful in-
strument for field engineers. The case is shock
resistant and guaranteed unbreakable, thus pro-
tecting the sensitivity of the meter throughout
long service. Hickok FElectrical Instrument Co.,
10530 Dupont Ave., Cleveland 8.

LEFT: STABLE PRECISION RESISTORS
Developed to fill the need for precision parts
to meet the exacting requirements of instrument
cirevits, this line of resistors is highly stable
under widely varying conditions. These +1%
precision resistors are made by coating a
specially treated ceramic core with micro-crys-
talline carbon. This is protected by an insu-
lating sleeve of thermoplastic material. Avail-
able in 2 watt, 1 and 2 watt sizes. Kay Elec-
tric Co., 14 Maple Ave., Pine Brook, N. J.

RIGHT: RESISTANCE COMPARATOR

A new high speed automatic resistance com-
parator has been developed which will enable
unskilled labor to test as many as 17 resistors
per minute, regardless of type. The new unit
is specifically designed for checking incoming
shipments, matching, grading to close toler-
ances, or checking factory output. It is com-
pletely self-contained and accurate to —+1%
from 100 ohms to 100 megohms. Clippard In-
strument laboratory, Inc., 1125 Bank St., Cin-
cinnati.

LEFT: SUB-MINIATURE VOLUME CONTROLS
Sub-miniature controls of the type shown are
fit companions for sub-miniature tubes in ultra-
compact electronic assemblies. Each unit, housed
in a low-loss bakelite case, measures only 94
in. in diameter by 33 in. deep. Two units can
be strapped together for dual-control purposes.
The units are availabie in resistance values up
to 3 megohms linear, and in tapers up to 1
megohm, round or slotted shafts. Clarostat
Mfg. Co., Inc., Dover, N. H.

LEFT: LARGE EXTRUDED TEFLON RODS
Continuously extruded Teflon rod and tubing is
now available in diameters up to 2 in. Until
now, Teflon rod has been available in such
large diameters, only in molded short lengths.
Rods in diameters of 1/16 in. to 2 in, are now
being commercially produced as is tubing of
sizes from 38 in. through 5 in. inside dia-
meter. Larger sizes are made to special order.
Further information is available from the Poly-
mer Corp. of Penna., Reading, Pa.

RIGHT: LOW-RANGE CAPACITANCE METER
Capacitances from a few hundredths of a micro-
microfarad to 100 mmf are easily and quickly
measured on this new RF capacitance meter.
Two ranges, 0 to 10 mmf, and 0 to 100 mmf,
are provided and are switched automatically
by rotating the main capacitance dial. The in-
strument has a self-contained 1-me. oscillator
and resonance indicator. It can be used to
measure tube-socket capacitances. General Radio
Co., 275 Massachusetts Ave., Cambridge 39,
Mass. L L
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“My object is all sublime
I shall achieve in time

To let the punishment fit
the crime

To let the punishment fit
the crime”

ILBERT & Sullivan to the contrary

notwithstanding, the sublime ob-
jective of letting the punishment fit the
crime presents many problems in the
mobile communications field.

Disproportionate Penalties:

The only punishment the Federal Com-
munications Commission can mete out
in dealing with a case of improper radio
operation is to revoke the license of the
offending operator or to designate his
reinstatement or renewal application for
public hearing. The Commission may also
call upon the Department of Justice to
invoke the criminal penalties of the Act:
$10,000 fine, two years imprisonment, or
both. Any one of these actions can be a
genuine catastrophe to the radio user,
and if the infraction of the FCC rules
is minor or unintentional, the punish-
ment cannot possibly fit the “crime.”

In the taxicab field, for example, once
the company installs radio, its methods
of doing business are so completely re-
organized that it is practically impossible
thereafter to handle or hold its business
without radio. As soon as a taxicab com-
pany installs radio, its call box telephone
company leased lines are promptly dis-
continued. Thereafter, the company re-
lies entirely upon radio to reach and dis-
patch its cars in order to handle the com-
pany’s prized call business.

That’s not all. The number of taxis
required to handle a particular number
of calls at a stated service level (five-
minute wait, for example) is much dif-
ferent when these cars are radio equipped
than when they are not. It is no exag-
geration to say that a company supply-
ing satisfactory service to a large
community with 100 radio-equipped
cabs would have to add at least 50 cabs
— in some places 200 more — to con-
tinue its service, without radio, at the
former level.

Fleet ear purchases, like leased lines
from the telephone company, take time.
Meanwhile, deprived of radio, the taxi-

*1707 H Street, N.

20

W., Wasghington, D. C.

cab company may see the call business
it developed over a long period of trying
vears destroyed over night through the
unsatisfactory service resulting from be-
ing deprived of its radio system for even
a short time. There are many companies
to whom two months radio silence would
be worse, economically, than the drastic
maximum $10,000 fine provided under
the Communications Act. Yet the des-
ignation of a taxi renewal of reinstate-
ment application for public hearing may
mean a year or more without radio while
the hearing procedures are exhausted:
designation for hearing, appearances, set-
ting of hearing date, trial, proposed find-
ings, proposed decision, exceptions, oral
argument and final decision. (Come,
now, stop looking for your license dates.)

Taxi License History:

This problem is far from an academic
one. Whether they recognize it or not.
a substantial number of mobile opera-
tors, principally taxi companies, are faced
with the possible loss of their licenses for
the following reason. Back in 1948, the
Commission extended for a year all the
general mobile experimental licenses that
were to expire on November 1, 1948. For
the next year, every taxicab operator in
the country was required to operate his
radio system under a license which
showed on its face that it had expired.
This blanket extension of the taxicab ex-
perimental licenses and certain others
was undoubtedly a very wise move on
the part of the Commission at the time
it was taken. It removed a tremendous
administrative burden during a period
when every bit of available staff time
was necessary to put the newly reorgan-
ized mobile rules into effect. At the
same time, the automatic renewal pre-
vented any interruption to existing op-
erations which would have been so costly
for the industry.

Psychologically, however, the 1948
automatic extension has turned out very
badly indeed for the taxi industry. There
are probably some small taxicab compa-
nies still operating on those old licenses.
There are, in addition probably many
licenses calling for renewal at some past
date which have escaped the attention
of the operators because of the long pe-
riod — normally four years — for which
these licenses are issued. Thus, there

are undoubtedly some taxicab stations
operating on licenses which have expired
now, and have not been renewed.

The question presented to the Com-
mission is whether, for such an oversight,
a radio user operating under an expired
license should be placed in jail, fined up
to $10,000, or denied the use of radio for
a long period while a hearing is held to
test his qualifications to hold a station
license. There are many variations to
the problem but, without exception,
there is never any criminal intent. Some-
one just failed to note an expiration date
and to file the necessary forms— or the
proper forms —to have the license re-
newed.

1934-1951 Differences:

Let’s see how serious this “crime” is in
terms of the results sought to be accom-
plished by the sanctions of the Commu-
nications Act. At the time the Act was
written in 1934, operations of radio
equipment were being handled much
more loosely than they are now under
the present, highly respected Commis-
sion and the efficient monitoring staff
whose war-time achievements in policing
the ether under Commissioner Sterling’s
direction are now so well known. To-
day, the Federal Government has com-
plete knowledge of the location and
nature of each radio transmitter. In 1934,
many users of radio had failed inten-
tionally to cooperate with the Govern-
ment.  Transmitters without ecrystal-
controlled oscillators, operating at very
high power and on frequencies which
caused interference half way around the
world, were not uncommon. The puni-
tive measures of the Communications
Act were designed to eliminate these con-
ditions. And that has been done. Over
the years, the FCC has built up in the
minds of the public a deep and abiding
respect for its overall control of radio
operations of every character, even to in-
dustrial apparatus. No one in his right
mind would today question the Commis-
sion’s right or obligation to license and
regulate all radio transmissions.

Not Bootleg Stations:

It is apparent, however, that any person
in the mobile radio service who has failed
to renew an expired license has not done
so with any intention of operating an
illicit or clandestine station. The power
and frequency used are such that wide-
spread interference is seldom possible.
Crystal-controlled transmitters tuned to
a single frequency also reduce the detec-
tion problem which previously con-
fronted the FCC.

When someone operates a station pre-
viously licensed, but with respect to
which the necessary paper work has not

(Concluded on page 32)
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FIG. 2. MEASURED AND THEORETICAL EFFECTS OF FADING

COVERAGE ON 45 TO 450 MC.

A PRACTICAL STUDY OF COVERAGE THAT CAN BE REASONABLY EXPECTED
FROM MOBILE SYSTEMS IN URBAN AND RURAL AREAS — By K. BULLINGTON®*

HE propagation of radio waves is

subject to many variations that are
not completely understood. Even over
relatively smooth earth the median field
intensity measured at distances of 200
miles or more may be 40 to 60 db greater
than the values predicted by the smooth
earth theory. In addition to this “dis-
crepancy” in median values, the field in-
tensity at any given location varies with
time, and the resulting fading range tends
to increase with both distance and fre-
quency. Although these variations are
relatively unimportant at distances with-
in the reliable coverage area, they are of
prime importance in estimating the geo-
graphical separation that is required be-
tween two transmitters assigned to the
same frequency.

Other variations in field intensity re-
sult from the presence of hills, trees and
buildings, and these are important in
estimating reliable coverage areas as well
as the mterference area. In this case, the
measured signals may be 40 db or more
below the value indicated by the smooth
earth theory. Thus it appears that the
median field intensity is generally lower
al short distances and higher at long dis-
tances than is predicted by the smooth
earth theory. This situation is unfor-
tunate. since it means that a given fre-
quency assignment cannot be repeated
as often geographically as the theory
would indicate.

Since the range of the propagation va-
riations may be many tens of decibels,

*Bell Telephone Laboratories, 463 West Street,
New York City. This paper was presented at the
IRE National Convention, New York City.

it is obvious that an accurate prediction
of the field intensity at a particular loca-
tion is not possible. The best that can
be donc is to state the median value to
be expected and the probable deviation
from the median. It also follows that
individual spot measurements may vary
over a very wide range, and are of little
value in establishing a general trend. In
order to determine a general rule for fad-
ing, it is desirable to have measurements
over a relatively smooth path for many
months, preferably a year. Similarly, in
order to determine the effects of terrain
irregularities, it 1s necessary to have
measurements at a sufficiently large num-
ber of locations within 20 or 80 miles
from the transmitter where atmospheric
fading can usually be neglected.

Some of the general trends in the
available data on VHF and UHF that
seem suitable for statistical analysis is
summarized in the following sections.
The resufts are applied to the problem
of estimating the required separation
between two co-channel transmitters in
the 40 to 50-mc. range. This paper does
not consider sky wave propagation, al-
though ionospheric reflections can occur
at frequencics above 30 mec.

Measurements Vs. Smooth
Earth Theory:

The theory of radio propagation over
plane earth is well established. It re-
duces to the familiar concept of a direct
and reflected ray for antenna heights
greater than about 1 wavelength above
ground. The smooth earth theory
which provides the correction for the
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curvature of the earth has not been,
checked as completely as the plane earth
theory. »»* It agrees reasonably well
with experimental results as long as the
correction for earth’s curvature is less
than 20 or 80 db, but it seems to fail
when the indicated curvature loss is
greater than 80 to 40 db. This means that
theoretical curves based on the smooth
earth theory may be in serious error
at distances beyond 100 miles for 30 to
40 mc., beyond 60 miles for 300 me. and
beyond 30 miles for 3,000 mec. unless the
antenna heights are sufficiently high to
approximate plane earth conditions.

Most of the data on long-range
ground-wave transmission is at frequen-
cies in the 40 to 50-mc. range. *>° The
field intensities for the 10 paths listed
in the following table are the median
values that were recorded for periods of
at least six months to a year. The meas-
ured values have been adjusted to an
effective radiated power of 1 kw.

The right-hand column in the table
above shows the approximate median
field intensities that would be expected
if the antenna heights were 500 and 80

L “The Effect of the Earth’s Curvature on Ground
Wave Propagation’ Proc. IRE January 1941, C,
R. Burrows and M. C. Gray.

2 “The Calculation of Ground Wave Field Inten.
sity Over a Finitely Conducting Spherical Earth”
Proc. IRE December 1941, K. A. Norton.

3 “Radio Propagation at Frequencies Ahbove 30
Me.” Proc. IRE October 1947, pp 1122-1136, K.
Bullington.

*T.I.D. Report 2. 4. 5. Federal Communications
Commission (27989) QOect. 20, 1948

5 “Propacration Studies at 45.1. 474 and 2800 Mc.”"
Proc. IRE July 1947, G. S. Wickizer and A. M.
Braaten.

¢ “Trophospheric Reception at 428 Mc. and Mete-
orological Conditions” Proc. IRE Dec. 1947, G.
N. Pickard and H. T. Stetson.
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ft. instead of the heights shown. The
corrections are based on the plane earth
theory which indicates that the field in-
tensity is increased 6 db when the an-
tenna height is doubled.” The corrected
values are plotted on Fig. 1.

The theoretical curve based on the
smooth earth theory, including the aver-
age refraction in the earth’s atmosphere,
is indicated by the dashed line for
k = 4/8, where k is the ratio of the ef-
fective earth’s radius to the true earth’s
radius. It will be noted that the experi-
mental values of field intensity decrease
much more gradually with increasing dis-
tance than is indicated by the smooth
earth theory. Any assumed change in
the value of k moves the theoretical
curve horizontally (and slightly down-
ward) without changing its general
shape. This is indicated by the dashed
line for k =5. The assumption of an-
other value of k would not provide a
better fit with the experimental data and,
in addition, a long term average value of

7 According to the smooth earth theory, this method
is in error at 45 mec. for points beyond the horizon
by about 0.7 db at 500 ft., 3 db at 1000 ft., and
5 db at 1,500 ft., but these differences are small
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k that is appreciably greater than 4/3
would be difficult to justify from a me-
teorological standpoint. In a similar
manner, a change in the conductivity of
the ground over the extreme range from
perfectly insulating to perfectly conduct-
ing affects the theoretical values in ap-
proximately the same manner as a change
from k = 4/8 to k=2. There is no ap-
parent method of adjusting the smooth
earth theory by changes in the values
of k or of the ground constants to fit the
available experimental data at 45 mc.
The solid line on Fig. 1 is a theoretical
curve obtained by assuming that the
field intensity is below the plane earth
value by the diffraction loss over a knife
edge whose height is determined by the
intersection of two straight lines drawn
tangent to the earth’s surface from the
two antennas. This is illustrated by the
msert in Fig. 1. It assumes the average
refraction represented by k = 4/3. The
best empirical curve drawn through these
experimental points has the same general
shape as the solid theoretical curve, but
is lower by about 8 db. Thus the knife
edge theory, which should not be appli-

with the experimental data than the
smooth spherical earth theory. In addi-
tion, the apparent failure of the smooth
earth theory is most noticeable in the
region where it should be most accurate,
since the fundamental assumption of a
smooth sphere is more closely ap-
proached as the distance is increased.
The long term experimental data at
higher frequencies is too meager for firm
conclusions, but the present results indi-
cate that the median field intensity at
points beyond the line of sight is also
higher than predicted by the smooth
earth theory, but is less than indicated
by the knife edge diffraction theory.
Determination as to whether the smooth
carth theory holds for microwaves must
await long term recordings at several
points far beyond the optical horizon.

Effects of Atmospheric Fading:

The variations in field intensity around
the median value are presumably the
result of changes in the atmospheric
conditions. The field intensity tends to
be higher in summer than in winter and
higher at night than during the day
for overland paths that are beyond the
optical line of sight. The fading range
ordinarily increases with an increase in
either distance or frequency. As a
first approximation, the distribution of
field intensities follows a mormal prob-
ability law in decibels, except that the
signal seldom exceeds the wvalue ex-
pected over plane earth.

The difference in decibels between
the values exceeded 10% of the time,
and the median values are shown on
Fig. 2 for the 40 to 50-mec. paths for
which data is available for more than 6
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able spread exists between the measured
values and any single line drawn to rep-
resent the data. Most of this spread
probably results from factors other than
distance, such as antenna height, type
of terrain, and different climatic condi-
tions.

At frequencies higher than 40 to 50
me., the long term data on atmospheric
fading is meager, and an empirical rela-
tionship drawn from a small number of
points may be misleading. However, the
available data at frequencies below 500
me. is not inconsistent with the dashed
lines on Fig. 2 for 150 and 450 mc.

These curves are derived from the 40
to 50-me. data by assuming that the
fading range varies with frequency in the
same manner as the diffraction loss intro-
duced by the earth’s curvature. The dif-
fraction theory for either a smooth
sphere or the knife edge shown on Fig.
1 indicates that the diffraction loss va-
ries as the product of the frequency times
the cube of the distance. This extension
of the 40 to 50-mec. data by theoretical
considerations cannot be carried too far.
For example, if this theory were assumed
to hold at 4,000 me. the resulting esti-
mated fading range would be greater
than the measured values on good optical
paths, and would be less than the meas-
ured values on paths where the receiver
is far below the optical horizon.

Some atmospheric fading also occurs
over good optical paths. *°. For 1% of
the time at 45 me., the field intensity is
about 2 or & db less than the median
value. while at 4,000 me. it may be 15
to 20 db below the median value.

Effect of Hills:

The available data on the effect of hills
indicates that the shadow losses increase
with frequency and with the roughness
of the terrain.’ The variations in shadow
losses around the median value usually
follow a normal probability law in db.

The principal experimental data on
the effect of hills is shown on Fig. 8. The
roughness of the terrain is assumed to
be represented by height H shown on the
profile at the top of the drawing. This
height is the difference in elevation be-
tween the bottom of the valley and the
elevation necessary to obtain line of sight
with the transmitting antenna. The dif-
ference between the measured values of
field intensity and the values to be ex-
pected over plane earth is computed for
each point of mecasurement between A
and B. The median value for each gen-
eral location is plotted on Fig. 3 as a
function of

8 “Results of Microwave Propagation Tests on a
40-mile Overland Path,” A. L. Durkee, Proc. IRE
Feb. 1948,

? “Comparative Propagation Measurements; Tele-

vision Transmitiers at 67.25, 288, 510 and 910

Megacycles,” G. G. Brown, J. Epstein and D. W,
Peterson, RCA Revietw, June 1948,

H
A
The choice of this parameter is based on

knife edge diffraction theory which indi-
cates that the parameter should be

\/}1 tan O
A

where ® is the angle of bend
around the obstruction, and it is assumed
that the variation in ® is much less than
the variation in H/A.

loss and the difference in shadow loss to
be expected between the median and the
10% wvalues. For example, with varia-
tions in terrain of 500 ft., the estimated
median shadow loss at 500 me. is about
20 db, and the shadow loss exceeded in
only 10% of the possible locations is
about 20 + 15 = 35 db. It will be
recognized that this analysis is based on
large-scale variations in field intensity,
and does not include the standing wave
effects which sometimes cause the field
intensity to vary considerably in the
matter of a few feet.
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The open circles indicate data taken
at 28 mec. and the solid circles are data
at 116 mc. The crosses indicate data at
67, 288, 510 and 910 mec. It will be
noted that there is considerable spread,
especially in the region where the shadow
loss is less than 10 db. The solid line is
an empirical approximation for the
median shadow losses. In a similar man-
ner an estimate of the shadow losses
exceeded in 10% of the possible locations
can be obtained.

These empirical relationships are sum-
marized in the nomogram shown in Fig.
4. The scales on the right hand line indi-
cate both the median value of shadow

May 19571-—Fformerly FM, and FM Rapio-EvrecTrONiCS

ESTIMATED DISTRIBUTION OF SHADOW LOSSES FOR RANDOM LOCATIONS BETWEEN A AND B

Effects of Buildings and Trees:

The shadow losses resulting from build-
ings and trecs follow different laws than
those caused by hills. Buildings are more
transparent to radio waves than the
solid earth, and there is ordinarily much
more back-scatter in the city than in the
open country. Both of these factors tend
to reduce the shadow losses caused by
the buildings but, on the other hand, the
angles of diffraction over or around the
buildings are usually greater than for
natural terrain. In other words, the arti-
ficial canyons caused by buildings are
considerably narrower than natural val-
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leys, and this factor tends to increase
the loss resulting from the presence of
buildings. The quantitative data on the
effects of buildings is confined almost
entirely to New York City. This data
seems to indicate that in the range of
40 to 450 mc. there is no significant
change with frequency, or at least the
variation with frequency is somewhat
less than the square root relationship
noted in the case of hills. The median
field intensity at street level for random
locations in Manhattan (New York
City) is about 20 db below the corre-
sponding plane earth value. The corre-
sponding values for the 10% and 90%
points are about 10 and 30 db respec-
tively.

Trees and other objects whose dimen-
sions are of the same order of magnitude
as the wavelength at VHF tend to act
as parasitic radiators. The average
shadow loss is small at 30 to 50 mc., but
increases with increasing frequency. The
distribution of losses in the immediate
vicinity of trees does not follow a normal
probability law, but is more accurately
represented by Rayleigh’s law which is
the distribution of the sum of a large
number of equal vectors having random
phases. In this type of distribution the
10% and 1% points are about 8 and 18
db respectively below the median value.

Co-Channel Interference:

In order to make the most efficient use
of a radio frequency spectrum, it is nec-
essary to repeat frequency assignments
as closely as possible without producing
unreasonable  co-channel interference.
The amount of co-channel interference
that can be tolerated depends on the
type of receiver and on the quality and
reliability of the service required. For
example, with FM receivers having a 5:1
deviation ratio, a signal-to-interference
ratio of 4 to 10 db or more is required,
depending on the quality desired, while
for television broadcasting. the FCC
standards specify a signal-to-interference
ratio of 40 db. o
If the variations in radio transmission
could be ignored, it would be possible to
determine an optimum geographical lay-
out from the required signal-to-inter-
ference ratio, and a curve of median field
intensity versus distance, such as Fig. 1.
However, the magnitude of the transmis-
sion variations may be comparable to or
greater than the signal-to-interference
ratio required by the receiver. Hence,
these variations cannot be ignored. It is
still possible to use the transmission curve
of median field intensities vs. distance
providing the required signal-to-interfer-
ence ratio is taken as the above value plus
an allowance for the magnitude of varia-
tions to be expected and the reliability de-
sired. The principal variations seem to
follow the normal probability law, and
probability theory indicates that if these

24

variations were independent, the required
I3
signal-to-interference ratio 7 would be

7

given by

5 N S
20 log—[—, = 20 ]og—l + K

\/ X+ YA+ Y+ X7
where

~ = signal-to-interference ratio re-

1
quired by the receiver for the quality of
service desired.

X5 = difference in db between the
10% and 509, values of shadow losses for
the desired signal.

X = same for atmosphericfading.

Y = difference in db between the 109,
and 509 values of atmospheric fading for
the undesired signal.

Y, = same for shadow losses.

K = 0 for 509, reliability (based on
normal probability law)

= 1 for 909 reliability
= 1.8 for 999, reliability

Since the variations are not entirely in-
dependent, some judgment is needed in
the use of the formula above. The two
principal variations are the shadow loss
distribution for the desired signal Xj
shown in Fig. 4, and the atmospheric
fading distribution for the undesired sig-
nal Y, shown in Fig. 2. The shadow loss
distribution for the undesired signal, ¥,
cannot be taken at full value, since the
local terrain at the receiver may affect
both signals alike, but it cannot be neg-
lected since the two signals are usually
coming from nearly opposite directions.
The most probable value of Yy is as-
sumed in the following example to be one-
half the value shown in Fig. 4. In a sim-
ilar manner, the atmospheric fading of the
desired signal is not independent of the
fading of the undesired signal. That is,
there is some tendency for the two signals
to fade up and down together. Fortu-
nately in this case, the value of Xy is al-
ways small compared with ¥y and also
usually small compared with X, so that
it can be neglected without an appreci-
able effect on the final results.

As an example, consider a mobile radio-
telephone system operating at 40 mec. over
terrain having variations of 200 ft. It is
assumed that the interfering transmitter
has the same effective radiated power and
antenna height as the desired transmitter,
and that a signal-to-interference ratio of
at least 6 db is desired for more than 809,
of the locations, and time, at the edge of
the coverage area.’ The value of Xy is
shown on Fig. 4 to be about 7.5 db and
the value of ¥ is shown on Fig. 2 to be

10 This example is based on two-frequency opera-
tion, and considers the interference into a muobile
receiver from an unwanted fixed transmitter. For
single frequency operation, the principal co-chan-
nel interference occurs frem a fixed transmitter
into a fixed receiver, and the required separation
between co-channel systems is considerably greater
than is shown in this example.

about 3 db at 50 miles, 5 decibels at 100
miles and 9 decibels at 200 miles. It fol-
lows that the value of 20 log §'/I' for
a distance of 100 miles from the receiver
to the undesired transmitter is given by

7

QOIog% =6+

7.5
\/ (m3) < 6 + (5

= 15.8 db.

This means that when the distance
from the receiver to the undesired trans-
mitter is 100 miles, the reliable coverage
radius of the desired transmitter is
limited to that distance at which the
median field intensity from the desired
transmitter is 15.8 db higher than the
median field intensity at a distance of
100 miles. The required separation be-
tween the two transmitters is then 100
miles plus the coverage radius.

The principal remaining choice is the
proper relationship of the median field
intensity vs. distance. Although the
absolute values of field intensity depend
ori the antenna heights and radiated
power, these factors are equal for both
the desired and undesired signals, so only
the slope of the curve is important in
this example. For distances between 20
and 250 miles, it is assumed that the
signal intensities are given by the solid
line on Fig. 1. In the example above,
the median signal intensity at 60 miles
is about 16 db stronger than at 100
miles. Thus the coverage radius is 60
miles and the required separation be-
tween co-channel stations is 100 + 60 =
160 miles.

In a similar manner, additional points
can be obtained for other distances be-
tween the receiver and the unwanted
transmitter. The resulting separation
required between co-channel transmitters
is shown in Fig. 5 by the solid line
marked “>6 db, 90%.” Thus, for a
coverage radius of 20 miles, the separa-
tion required at 45 me. is about 55 miles.
The corresponding value for 99% relia-
bility is about 67 miles. Similar values
for a required signal-to-interference ratio
of 40 db at the receiver are also shown.

When higher frequencies are used or
when more rugged terrain is considered.
the required separation between co-
channel stations will be greater than
shown on Fig. 5. When the radiated
powers or antenna heights are not the
same for the two transmitters, the first-
order effect is for the stronger station to
gain coverage area at the expense of the
weaker station, assuming equal receiving
antenna heights, without any substantial
change in the required separation be-
tween stations.

Tt will he realized that the coverage

(Concluded on page 36)
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Model MD-25A
Universal FM Modulation Monitor

It is not necessary to buy separate
monitors and crystals for each oper-
ating frequency. A single Browning
Universal Modulation Monitor covers
all frequencies between 30 and 50
me., 72 to 76 me., and 152 to 162
me. One instrument takes care of
your present requirements, meets
vour future needs. In the above

bands.

Only the Browning Modulation Monitor Provides

GENERAL COVERAGE

Over-modulation is everybody’s business among operators of com-
munication systems. When one of your transmitters over-modulates,
it garbles your own signals just as much as it does those of systems on
adjacent channels.

The FCC requires that each mobile and fixed phone transmitter he
checked for modulation every six months. However, many operators
do this every two or three months because, with the narrower channels
now in use, over-modulation has proved to be the principal cause of
adjacent-channel interference.

When you buy a modulation monitor, you have a choice between types
which require seperate crystals and circuits for each operating fre-
quency, or a BROWNING Universal Monitor that cevers all communi-
cation bands from 30 to 162 me.

This instrument is an exclusive BROWNING development — per-
manently accurate, direct reading, and simple to use. It saves money,
too, for you will have no extra expense if your present frequencies
are changed, or if you apply for additional frequencies later.

Remember, the BROWNING Universal Monitor covers all communi-
cation bands from 30 to 162 me.

WRITE FOR TECHNICAL BULLETINS ON THESE INSTRUMENTS

.BROWNING

LABORATORIES. INC.
WINCHESTER, MASS.

ENGINEERED FOR ENGINEERS

IN CANADA, ADDRESS: Measurement Engineering, Lid., Arnprior, Ont.

May 19571—formerly FM, and FM Ravro-Erecrroxics

CHECK TRANSMITTER
FREQUENCY
IN SIXTY SECONDS

Because it is so quick and easy to check

transmitters with a BROWNING pre-
cision Frequency Meter, thees instru-

ments have become standard equipment
for communication systems. No com-
plications—mno calculations are neces-

sary with a BROWNING.

Model S4, S5, S7
Frequency Meters

Browning model S-4 is calibrated at any
one to five points between 1.5 and 70
me. Model S-7 is calibrated at any one
or two points between 72 to 76 and/or
152 to 174 me. Model S-5 is calibrated
at any one to three points between 30
and 500 Hand-calibrated crystal
control meets all FFC requirements.

mce.
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A majority of commercial
mobile transmitters come
equipped with the RCA-2E26

For quick replacements...
phone your RCA Tube Distributor

The reliability of RCA tubes is your best insurance
against service failure in mobile equ‘ll?mem. ' ‘

RCA’s unparalleled research facilities, engmeejll-)mg
background, and manufacturing experience con;rl ute
to the dependability and operating economy of every
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For data on any specific tube type, se
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ZENITH VHF-UHF TUNER
(Continued from page 15)

the oscillator trimmer is noticeably
sharper than on the VHF band. How-
ever, even in these sets, stability is ade-
quate for precision tuning.

The non-intercarrier sets use two oscil-
lators, one for the 54 to 88-mc. band,
and one for 174 to 216-mec. This oscil-
lator is also capable of being tuned to
frequencies which will produce appro-
priate harmonics throughout the UHF
band. It appears that the availability of
suitable harmonics of the oscillator is

- the factor which determines the highest
frequency at which the channel strips
can be built. Strips for 900 me. have
been built, and appear to be quite
practical.

Noise and Rejection:

One of the most important character-
istics in UHTF receivers is the noise factor.
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FIG. 11. SIMPLIFIED DIAGRAM OF MIXER OUTPUT

Experience has shown that the minimum
acceptable signal is not determined by
external noise, but rather by receiver
input noise. This must be minimized to
utilize all of the potential transmitter
coverage. There are no practical RF
amplifier tubes available for use in the
UHF band which can exceed the per-
formance of a good crystal mixer. Well-
designed circuits employing such mixers
make it possible to achieve a noise factor
as low as 10 db.

This figure will be exceeded on the
channel strips, however, as a result of
the added grid capacity in the IF am-
plifier, caused by the contact switching
on the turret. The additional capacity,
which reduces the grid impedance, in-
creases the noise factor, since the shot
noise in the first tube is the dominant
noise source. A reduction of this input
capacity or the use of a well-designed
cascade circuit would somewhat improve
the 15 to 20-db figure which is now ob-
tained on the channel strips.

Rejection to the various responses is
also important. The most important of
these is the image, which on the channel

(Continued on page 29)
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ZENITH VHF-UHF TUNER
(Continued from page 26)

strip is approximately 40 db, as shown
mm Fig. 12. "This amount of rejection is
deemed adequate in view of the alloca-
tions currently proposed.

The curves show typical examples of
the preselector only. The two curves
were laken near the extremities of the
tuning range of the housing. Tuning
ranges of the other two housings are
shown on the frequency scale.

The II rejection varies somewhat, but
it is of the order of 45 db. This is ade-
quate for present purposes, but as utiliza-
tion of the frequencies within the IF
passhband mcreases, IF rejection will be-
come increasingly important. On UHF
tuners of future design, the IF rejection
can be easily increased to 70 db or more.

Oscillator Radiation and Stability:

Because the excitation on the crystal is
so small, oscillator radiation on the chan-
nel strips in the UHF band is negligible.
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FIG, 12. CHARACTERISTICS OF TUNING STRIP

Although exaet measurcments are diffi-
cult to make. it can be said that approxi-
mately 100 microwatts of power is fed to
the crystal, and this power is attenuated
by the preselector by somewhat more
than 20 db. Thus the radiation in the
UHF band would appear to be consider-
ably less than 1 microwatt. The oscil-
lator radiates in the UHT band just as
it does when a VHF channel strip is be-
ing used. 'This radiation, however, is
small and does not interfere with the
television channels.

The UHF channel strips are pretuned
at the factory and it is not anticipated
thal they will be retuned in the field.
The UHF tuned circuils are complete
within themselves and, therefore, arc not
required to match any component in the
receiver. For this reason, and also be-
cause of their ruggedness, the RF and
multiplier tuned circuits can be expected
to stay in tune to a high degree of pre-

1830 sOVU

AN PHENO

TH 54TH AVENY

L1c €O

E, CH\CAGO 50,

RPORATION

jLLiNot”



www.americanradiohistory.com

for Uninterrupted Communications
across OCEANS und (ONTINENTS...

dependable
ANDREW Rhombic Antennu Equipment

Whether your problem is uninterrupted communication halif-
way around the world . . . or only 100 miles . . . ANDREW
offers you (1) a world-wide reputation of reliability and (2)
the convenience of obtaining all necessary equipment from
one dependable source.

® Receiver Coupling Unit efficiently distributes the output of one antenna
among as many as 10 receivers. Interaction between receivers is held to neg-
ligible levels. Power gain is approximately unity {0 db) over the entire range
of operation. A 4-channel unit is also available.

® Rhombic Receiving Antenna Kit contains in one “package’” everything you
need for an antenna except poles.

® Transmitting antennas available on special order.

® Rhombic Antenna Coupling Transformer is a broad band, low loss unit
which matches the balanced impedance of the rhombic to the unbalanced im-
pedance of a coaxial line.

® Transmitting Rhombic Tuning Units for single or multiple frequencies are
available on special order.

For Rapid, Frequent Changes in
COAXIAL CIRCUITS...

® (a) Coaxial Patch Panel has 24 jacks. Fits 19" relay rack. Facilitates
switching coaxial circuits.

e (b) ANDREW Coaxial Jacks and Plugs are simple to install. No soldering
through a window. Just remove one screw, slide the sections apart and
solder.

Write for further

4 t , information TODAY —

RPORAYION

3631 EAST ?5ih STREET + CHICAGO 19

WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS
TRANSMISSION LINES FOR AM-FM-TY - ANTENNAS - DIRECTIONAL ANTENNA EQUIPMENT
ANTENNA TUNING UNITS - TOWER LIGHTING EQUIPMENT

ZENITH VHF-UHF TUNER
(Continued from page 29)

cision. The critical item is the stability
of the VHF oscillator, which determines
the actual frequency in the output of
the multiplier. Inherent stability of the
VHF oscillator is such that the reset
accuracy and drift characteristics on the
UHF channel strips are superior to most
VHF receivers sold today. That the sta-
bility is adequate has been proven by
reports from users and servicemen on
approximately fifty installations in the
Bridgeport, Conn., area. The 40-mec. IF
circuits are wider than the remainder of
the TF amplifier, and drift in these cir-
cuits is negligible. The coils are wound
to 214% tolerance and no provision is
made for adjusting these circuits.

WHAT’S NEW THIS MONTH
(Continued from page 11)

degradation of aural FM programs was
permitted to 10,000 cycles.

Secriox 8 (h) of the Standards of
Good Enginecring Practice concerning
FM broadcast stations was amended:

7. Amplitude or frequency (frequency-
shift) modulation of the subcarrier shall
be used.

9. Negative modulation shall be used,
i.e., for amplitude modulation of sub-
carrier, maximum subecarrier amplitude
and maximum radio frequency swing on
black; for frequency modulation of sub-
carrier, highest instantaneous frequency
of subcarrier on black.

1. The facsimile subcarrier transmis-
sion shall be conducted in the frequency
range between 22 and 28 ke. Should am-
plitude modulation of the subcarrier be
employed the subcarrier frequency shall
be 25 ke. with side-bands extending not
more than 8 ke. in either direction from
the subcarrier frequency. Should fre-
quency modulation of the sub-carrier be
employed the total swing of the sub-
carrier shall be within the range from 22
to 28 ke.. with 22 ke. corresponding to
white and 28 ke. corresponding to black
on the transmitted copy. In multiplex
operation the modulation of the FM car-
rier by the modulated subcarriershall not
exceed 5%. In simplex operation, modu-
lation of FM carrier by the modulated
subcarrier shall not exceed 30%.

12. During periods of multiplex fac-
simile transmission. frequency modula-
tion of the FM carrier caused by the
aural signals shall, in the frequency
range from 20 to 30 ke., be at least 60
db below 100% modulation. Frequency
modulation of the FM carrier caused by
the facsimile signals shall. in the range
from 50 to 15,000 cycles, be at least 60
db below 1009% modulation.

30 FM-TV, the JournaL of Rapio CoMMUNICATION
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MOBILE RADIO NEWS
(Continued from page 32)

formation 1s available as would be the
case had lhe necessary renewal forms
been submitted on time.

Under such circumstances, lo invoke
the criminal sanctions of the Communi-
calions Act as if the operator had been
trying to bootleg communications and
evade the regulations of the Commission
would clearly constitute an undue hard-
ship.  Alternatively, to keep the opera-
tor off the air while a hearing is held to
determine whether his license should be
renewed or reinstated would be tanta-
mount to a fine of hundreds or thousands
of dollars in depriving the company
meanwhile of its radio system. This. too,
appears to be an unnecessarily harsh
punishment to inflict upon the taxi
operator and the community he serves
with radio.

Amendment Is in Order:

A procedural lapse from license grace in
the mobile field should call for the im-
position at most of a small monetary fine
lo be increased if the lapse continues or
1s repeated. Unfortunately, however, the
Communications Act does not permit
the imposition by the Commission of
small fines for small crimes. Until the
Communications Act is so amended,
Liowever, it would seem that the Com-
mission should draw some sort of dis-
linction, for enforcement purposes, be-
tween the lotally unauthorized type of
radio opera.ion and that which conforms
in all respects to the requirements of a
license previously issued.

The problem is an acute one, and by
no means confined to the taxicab field.
However, the present Commission, in the
past few yecars, has simplified construc-
tion permit applications. reorganized its
mobile rules, simplified third class radio-
Lelephone licensing, and has done many
other things (o relieve the administrative
load and to reduce the cost of Govern-
ment and industry operations in the
mobile ficld. Certainly it can be counted
upon to effect a proper distinction in the
treatment of totally unauthorized radio
operalions seeking to cvade Commmission
regulation and those operating in con-
formance with the Commission’s Rules
and a license previously effective but
now expired.

The first step in that direction would
appear to be the issuance by the Com-
mission of a definitive statement of what
is required by the operator when he be-
comes aware of the expiration of his
license. or is advised of that fact. The
procedure established should also be such
as not to deprive the operator of the use
of his radio system after the license ex-
piration 1is discovered and a proper
license application filed.

ComMUNICATIONS
DEFENSE
lle Company

ILE
DE TO MOB
A cUl R CIVIL

by The Leece-Nevi

JUST PUBLISHED...
Send for your free copy

In the interest of Civil Defense, Leece-Neville has
prepared and published a Mobile Communications
booklet. Addressed primarily to Civil Defense
Directors, its contents should interest all who are
concerned with this important effort. A free copy of
the 16-page booklet is available to anyone
connected with Communications, Public

Protection, or Civil Defense.

Just write Dept. 13, The Leece-Neville Company,
Cleveland 14, Ohio.

Quality Electrical Equipment
for over Forty Years
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DESIGN FOR A REFLEX A

-COUPLER

STILL LOWER BASS RESPONSE, EVEN AT LOW VOLUME, CAN BE OBTAINED
BY ADDING AN ENCLOSURE TO THE AIR-COUPLER — By CHARLES FOWLER

NE of the outstanding features of

the FAS system is its ability to con-

vert relatively small amounts of spealer

input energy into large amounts of sound

power output. This is accomplished by

employing a carefully designed amplifier

and constructing an unusual but very

effective speaker enclosure which makes

possible low frequency response down to
30 cycles, even at low volume levels.

Since the whole purpose of the system

is to utilize every bit of speaker energy,

DIM. A REQUIRES
ADJUSTMENT

=28

o

81"

FIG. 2. DIMENSIONS OF THE REFLEX CABINET

at low frequencies, to produce sound,
many people have written in to ask,
“Isn’t there some way in which we can
use the energy radiated by the back of
the speaker? When the Air-coupler is in
the room, some of this energy becomes
sound, but when it is mounted in the
floor, it is lost in the cellar.”

34

This was certainly a reasonable ques-
tion. It did seem as if there ought to be
some way in which the radiation from
the back of the speaker could be used to
reinforce sound power output at the
front. So we drew some sketches of a
design for a reflex Air-coupler, all follow-
ing the basic 1dea of closing in the back
and bringing the sound out to a port on
the front. We spent a good many hours
trying to be scientific, and worked out
innumerable formulas. The number of
variables and unknowns was so great
that, in the end, we just went ahead on
the basis of well-informed estimates of
optimum dimensions.

The result is shown in Figs. 1 and 2.
As can be seen from the illustrations, we
simply built an envelope around the
basic Air-coupler. The front panel is the
front of a standard 6-ft. Air-coupler,
with its port at the bottom. A 12-in.
speaker is mounted in the correct posi-
tion for the 6-ft. unit. facing the port.
We screwed two side pieces, 19 by 81
ins., to each of the 6-in. sides of the
standard Air-coupler, and screwed an-
other small piece, 16 by 1214 ins.. on the
bottom. A back panel, 16 by 81 ins.
finished the enclosure, except for the top.
No braces were used anywhere.

First tests were made with the top
open, so that the sound from the back of
the speaker played against the ceiling.
Frequency test records made it apparent
that there were some bad peaks and
valleys. so we clamped the top piece in
position. It was then found that tuning
the port was a critical operation. A very
great difference in cvenness of sound
power output resulted from moving the
top piece to change the size of the reflex
port opening.

All tests were made by the final judge
of any sound system: the ear. We had
an assistant play the 30 to 300 cycle por-
tion of a frequency test record over and
over again, and changed the size of the

port back and forth until what sounded
like smooth sound power output was

G
e
T @
e
e

AIR-COUPLER WITH A REFLEX CABINET

FIG. 1.
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achieved throughout the range being
tested.  In our imstallation, with an Altec
600-B speaker on the Air-coupler, a port
opening of 8 ins. gave the desired result.
Sinee our unit was built of heavy 34-in.
plywood, almost all sound came from the
ports, and virtually none from the en-
closure itself.

There is no reason why — other than
convenience -— the reflex  Air-coupler
should stand on end. It can be laid flat
50 that the ports face the ceiling. How-
ever, unlike the original Air-coupler,
there is no loss of performance when it
is stood on end, as in Fig. 1, without be-
ing braced or anchored. The reflex unit
can be built into the floor, of course, but
Lwo opeuings will be required.

The resull of these experiments is all
that we hoped for. Sound power output
from this reflex Air-coupler is better than
from a standard unit. Even lower fre-
quencies can be reproduced; test play-
ings of our standard record, St. Saens
Symphony No. 3, showed up buass notes
which he had not heard before! Further,
the volume level can be cut to almost
bare audibility without having the bass
drop out.

But there were problems. As has been
poited out, tuning of the reflex port was
critical. although the port on the stand-
ard Air-coupler was not disturbed or ad-
justed in any way. More important was v
an effect whieh can best be described as the wonrldh W a
“laking hold”” suddenly. On music such
as piano, where volume level might be

21B —stand, lapel or chestplate

{ 632¢

expected 1o be the same, relatively, at 21B MICROPHONE
low and middle frequencies, the reflex | The ultimate in advanced

it nt o ti bl microphone design and
unit came mto acpnon very noticeably, performance—omnidirectional, _ . )
giving a bass-rise effect below certain new pickup techniques with This select group of high quality )
X . . . i fidelity for critical i i I i
frequencies, just as if the level control paximum y microphones is daily meeting every nee

. broadcast, recording,
had been turned up suddenly. Tympani television, etc. Available in

would dominate an orchestral picce. A |  stand,lapelor chestplate.
deep bass voice would roll along 639 MICROPHONE

demanded of microphones. . .they
are products of the same Altec advanced
designing, research, development and

smoothly, suddenly swelling in volume Cardioid directional—for quality workmanship that have for many
when a note below 250 cycles was sung. gfr:;%igstuzlslg ad‘;;e:icae“l?ent years set higher and higher standards

In an effort to smooth out response all-purpose microphone, of performance throughout the industry.

oug i s - the solution to many 3 ;
throughout the middle and lgw fre | o o avricult For paging, public address, sound
quency range, the crossover polmt “}7133 microphone prablems in distribution systems or the more critical
shi 5 35 y yut this studios and auditoriums. o
shxfdted rom }DO,“_) 150,1?1301%’”‘ C Al ! demands of television, broadcast and
o md'ttcx:s Trse - 1.~e o s 633 MICROPHONE motion picture or phonograph recording —
coupler didn’t come into action except I

; Dynamic microphone for choose the finest, choose Altec!
on exceptionally low notes, and then high quality general utility )
dominated the sound output. Adjusting work . ..non-directional or
. T semi-directional ...

the level cortrols did no good. Finally for announcing, public address.
an cntirely different cross-over network broadcasting and sound

. distribution systems.
was tried. Instead of a sharp cut-off, st 4

such as had been found best for the 632C MICROPHONE

standard Air-coupler, a slow-droop de- Specifically engineered to
o a8 T ate droop was give maximum intelligibility
sign wa 'used. ’ T'he rate of p B oioee Talking
changed from 12 db per octave to about applications. Rugged and
5 or 6 db. Finally. the cross-over point dependable for speech

- s . | reinforcement, announcing
was moved to 250 cycles. With this and paging. May be used as
arrangenient. the shift from the middle stand or hand microphone,

range speaker to the reflex Air-coupler ‘
was imperceptible. \
The new network has a major advan-
tage: it is much simpler to build and
(Concluded on page 36)

9356 Santa Monica Blvd., Beverly Hills, Calif.

161 Sixth Avenue, New York 13, New York
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REFLEX AIR-COUPLER
(Continued from page 35)

oR 17 A’.l’ E D ' '
wire together. Only one inductance and
FOR ’T.' . ,95' CA TAlOG one capacitance are necessary, and, in
our setup, where matched middle and

low-frequency speakers are used, no level
controls are necessary. The schematic

free! World’s Largest Stocks

for this simplified network is shown in

ELECTRONIC SUPPLIES _ A : 4 Fig. 8, with values of components for 4,

8, and 16-ohm systems given in Table 1.
for INDUSTRY and : Y
TABLE I:

BROADCAST STATIONS : COMPONENTS FOR SLOW DROOP NETWORKS
3 3 + System Impedance
16 chms 8 ohms 4 ohms
Cp— 10.2 5.1 2.6
Cl, Mfd: .. 40.0 80.0 160.0*
C2, Mfd: Try values from 0.5 to 4.0, depending on
tweeter used
* This is correct ““formula’ value. Results may be
improved by lowering it to 100 to 130 mfd.

212-Page
Buying
Guide

One Complete Dependable Source

for Everything in Electronics

Simplify your purchasing—send your consolidated
orders to ALLIED—the single, complete source for
all Electronic Supplies. Depend on aLLIED for the We Specialize in Electronic
world’s largest stocks of special tubes, parts, test ~ Equipment for Research,
instruments, audio equipment, accessories—com- Development, Maintenance
plete quality lines of electronic supplies. Qur  @nd Production Operations
expert Industrial supply service saves you time,

To carry the simplification process a
step further, the tweeter network was
revised radically, as shown in Fig. 4.
However, this tweeter arrangement
should be used with caution. As is ap-
parent from this schematic, the middle
range speaker carries everything from

effort and money. Send today for your FREE

copy of the 1951 ALLIED Catalog—the only com- S Low o Low }
plete, up-to-date guide to Electronic Supplies for SEND FOR _ e ey f,ﬁ?guTT__OLiT
Industrial and Broadcast use. FREE 1951 TS ey TRANSY! yiaoLE

ALLIED RADIO CORP. [EUUTEIAPY S

833 W. Jacksen Blvd., Dept. 20-E-1, Chicago 7, Illinois

FIG. 3, LEFT: SIMPLIFIED NETWORK. FIG. 4,
RIGHT: MODIFIED ARRANGEMENT FOR TWEETER

250 cycles on up. The highs are not
o P H A R filtered out. If the high-frequency re-

sponse of the middle range speaker is
o, poor, a conventional network should be
~WAXES used.

It must be borne in mind that the re-
flex design at this point is a first experi-
ment. No doubt mmprovements can be
made. Therefore, this article should be
Anti-Corona high heat-re- considered a starting point for the ex-

sistant compounds for Fly perimentally inclined. Since the design
shown utilizes the basic Air-coupler with-

out modification or damage, the experi-

#,

.., COMPOUNDS

Back Transformers.

Waxes and compounds menter can work with the reflex en-
from 100° F to 285° F closure with a minimum of trouble.
Melti . Reports from readers on their experi-
eiting Points for elec- . . : ; i
. . A ences with this reflex design will be wel-
trical, radio, television, and comed, together with suggestions for
electronic components of other mechanical arrangements.
all types. COVERAGE ON 45-450 MC.
Pioneers in fungus-resist- (Continued from page 26)
L e 1 radii shown in Fig. 5 are the maximum
KLIPSCHORN —Ciosest approach to per- Our efficient and experi- values to be expected for a given separa-
fect sound reproduction at any price — Finest enced laboratory staff is at tion, since they are based on co-channel

craft hip - C ly styled.

interference only. The actual coverage
radius may be less than shown if the
signal level is msufficient to over-ride
the noise at this distance. For optimum
results, it is obvious that a proper bal-

€ryy) ZOPHAR MILLS, inc. ance is required between the limitations
KLIPSCH AND ASSOCIATES 112-130 26th Street, set by noise and those imposed by co-

DL G ST O S Brooklyn 32, N.Y. channel interference.

your service.

REBEL —Cclosest approach to Klipschorn at a
medium price.

Both offer quality consistent with the Klipsch
reputation; both include radiation of clean fun-
damentals down to 30 cycles. Write or visit us.
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100" Series
Carbon Microphone

A 0 ranamittts.

Here’s the famous “55” Unidyne Dynamic-—
the favorite microphone of police forces . . .
. government agencies

. . radio stations throughout the world. There
must be a reason for its amazing popularity.
Year in—year out dependable performance of

taxis and trucking lines . .

the highest standards.

Shure 55"
Unidyne Dynamic

This is the “old faithf
Carbon—a microphone that can take it under
the most severe handling and “knocking around”
a microphone could get. Under any and all cir-
cumstances the mighty ““100”’ Series Carbon will
‘‘get the message through.”

” Shure “100”’ Series

SHURE BROTHERS, Inc.

Microphones and Acoustic Devices

225 West Huron Street .
Cable Address: SHUREMICRO

Chicago 10, llinois

RANSMISSION lines at audio frequencies are

almost always electrically short; that is, they
are not appreciably long in comparison to the
wavelengths involved. Thus, except in the case
of long telephone lines, it is not necessary to
consider characteristic impedance when deter-
mining line terminating impedances.

A practical short line can be considered as two
closely-spaced wires, having low values of re-
sistance and inductance but considerable shunt
capacity. This shunt capacity can be seriously
deleterious to high audio frequencies under two
conditions:

‘Where the line is fed from a source of
unusually high impedance, such as a photocell, or

2. Where the line is fed from a source of
medium impedance but is long physically. Prac-
tical instances are found in recording studios, or
in home audio installations where widely-separated
units are connected to a common amplifier and
speaker system.

If a line cannot conveniently be made shorter,
the effect of the shunt capacity can be decreased
only by decreasing the source impedance. Match-
ing pads can be employed for this purpose.
Unfortunately, a pad reduces the signal level as
well as the source impedance, thus effectively
reducing the signal-to-noise ratio at the output
end of the line. Line-matching transformers have
the same disadvantage,

In view of the serious limitations of these
impedance-reducing devices, it is not surprising
that the cathode-follower amplifier is becoming
increasingly popular as a preamplifier output
circuit.  Many high-quality FM and TV tuners
are now equipped with cathode-follower output
stages.

The name of this unconventional amplifier is
derived from the fact that the load is in the
cathode circuit, as Fig. 1 shows. A positive
swing of grid voltage causes an increase in
cathode current, driving the cathode positive also.
Thus, the cathode potential tends to follow that
of ?hle grid, reducing the effective grid-to-cathode
signal.

Because of the heavy degeneration, the ampli-
fier has extremely low shunt capacity across both

INPUT

FIG. 1. SIMPLE CATHODE FOLLOWER CIRCUIT

input and output terminals. Consequently, it
can he fed from a source of very high impedance
with no high-frequency loss. Since the output
impedance is low also, the circuit is suitable for
feeding a transmission line many feet long.

Provision must be made for obtaining proper
bias. The circuit of Fig. 2 is used extensively
where a hlgh value of cathode resistance must
be employed.

Resistor R: should be as recommended in tube

B+

INPUT

Rk OQUTPUT

FIG. 2. PROVISION FOR PROPER BIAS

DESIGN DATA for AF AMPLIFIERS —No. 10 Cathode Followers

LOW INPUT AND OUTPUT IMPEDANCE OF A CATHODE FOLLOWER MAKES IT PARTICULARLY USEFUL WHEN FEEDING LONG TRANSMISSION LINES

manuals for the tube employed. Triodes are
generally used in cathode-follower circuits, since
pentodes have greater shunt capacities and their
higher gain capabilities cannot be utilized in
any case.

The voltage gain of a cathode follower is
always less than one, although it can be made
close to unity by proper choice of components.
The formula for computing gain is given below:

- MuRk
Rpt+Rik (My+1)

where A ==voltage gain at cathode
Mu == amplification factor of tube
Rk == cathode load resistor
Rp = piate resistance
It is obvious that the gain is less than unity,
and that it increases with higher values of load
resistance and tube transconductance.
Qutput impedance, Zo, is computed as follows:

7= Rk Rp
Re+Rrk(MutD

where symbols have the same meanings as above.

The effective output impedance is the parallel
combination of the cathode resistor and the output
impedance of the tube itself. Thus, the total can
be varied, readily for fow values of Zo by chang-
ing the size of the load resistor.

Recommended value for Zo is the range from
500 to 1,000 ochms. This represents a comprom-
ise between several factors. It requires a cathode
resistor large enough so that reasonably good
gain is obtained. It is low enough so that the
shunt capacity of any but an unusually long line
will not cause high-frequency losses. On the
other hand, it is not so low that magnetic
induction will become troublesome, nor the re-
sistance of the line consume excessive power.

May 1951—formerly FM, and FM Rapio-ELECTRONICS
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“The Ony Cood Doctor
Is A Hoss Doctor!”

Will Rogers

¢, .. his patients can’t fool him!”’, he added to make
his point. The noted humorist’s trenchant remark
may be applied today to the skilled technicians in
the recording field who have for many years used
the tape and discs perfected in Reeves Soundcraft
Laboratories. We haven’t fooled them—nor have we
tried. Perfection, nothing less, has won us the con-
fidence of this exacting industry.

From Reeves Soundcraft Laboratories come magnetic
tape offering users ten distinct features that add up
to higher efficiency and fidelity; an assortment of
recording discs to answer every requirement—all
backed by the greater integrity and experience of
the Reeves name, foremost manufacturer of re-
cording and electronics accessories.

Soundcraft tape is made in all types and
lengthstoaccommodateall taperecorders.

Soundcraft recording discs
available in a variety of
sizes, single and double face.

TWENTY YEARS OF LEADERSHIP IN SOUND ELECTRONICS

10 EAST 52nd STREET, NEW YORK 22, N. Y.
EXPORT—REEVES EQUIPMENT CORP., 10 EAST 52nd STREET, NEW YORK 22, N. Y.

450-MC-MOBILE UNITS
(Continued from page 17)

ceiver, with a 450-mc. transmitter-re-
ceiver converter at the right. For trans-
mission, the converter acts as a fre-
quency tripler, while on reception it con-
verts the incoming 450-me. signals to 162
me.

The output is rated at 15 watts. An
automatic peak-modulation limiting cir-
cuit is employed to prevent excessive
modulation swings.

An overall picture of the circuits is
given by the tube types and their func-
tions. In the transmitter, these are:
6AQ6 AF amplifier (peak modula-

tion control)
TF7 Oscillator, phase modulator.
6AKS5 Quadrupler
6AKS5 First tripler
2130 First doubler
2E30 Second doubler
2E24 Amplifier
AX9903 Second Tripler
AX9908 Output amplifier .

As indicated by the receiver tube list,
three IF frequencies are employed:
6J4 RF amplifier
IN21B  Mixer
6AHS6 Harmonic oscillator-multiplier
6AKS5 Tripler
6AK5 First IF, 150 me.
6AK5 Mixer
6AHS6 Harmonic oscillator-multiplier

7C Second IF, 5 me.

7A8 Converter

7CT Third IF, 456 mc.

7C7 First limiter

7Cv Second limiter

7A6 Discriminator

7F7 Noise amplifier, rectifier
TFT7 AF amplifier, squelch
"B5 AF output

Operating on 6 volts, the battery drain
of the mobile equipment 1s rated at 13
amperes standby, and 52 amperes during
transmission. Fig. 1 shows the standard
type of mobile roof-top antenna. This
assembly has a standing-wave ratio of
about 1.1 to 1.

A 4-watt fixed station transmitter and
receiver assembly is illustrated in Fig. 2.
The tube compliment is the same as for
the mobile transmitter except that a
single AX9903 is used as a tripler and
output amplifier, and two 816 rectifiers
are added for AC operation.

The 100-watt model, Figs. 8 and 4.
uses one AX9903 as a tripler and another
as an amplifier, followed by a 4X150A
for the output.

For transmission, beacon-type an-
tennas of conventional appearance offer
the advantages of high gain and ease of
mounting. Using 4 vertical half-wave
dipoles, a gain of about 5 can be ob-
tained over a single half-wave radiator.
With 6 sections, the gain is increased to
8. Both types are matched to 50 ohms.
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G. A. Crossover Network for

BASS REINFORCEMENT

If you now use a single speaker of any type, you can get richer, deeper
bass response by adding an FAS Air-Coupler with the No. 3 G. A.
network. Impedance of the Air-Coupler speaker should be the same
as that of your present speaker. The No. 3 network can be supplied
to work with two 8-ohm or two 16-ohm speakers. Be sure to specify
impedance when you order. No. 3 network, complete as illustrated,
with full instructions for installation and wse................................ £13.50

i
i
e

G. A. Crossover Network for

3-SPEAKER FAS SYSTEM

The No. 4 G. A. network is designed for the standard FAS system,
comprising an Air-Coupler, intermediate speaker, and tweeter. Controls
furnished permit exact balancing of speakers after installation. Use
Air-Coupler and intermediate speaker both of 8 ohms or of 16 ohms,
with any tweeter of 6 to 15 ohms. When ordering, be sure to specify
speaker impedance, so that we can give you the correct components.
No. 4 network, complete as illustrated, with full instructions....... $24.50

SPECIAL AUDIO ITEMS — IMMEDIATE DELIVERY

Knock-down Air-Coupler, accurately cut from 34-in. plywood,

O FLe SEZ@ oo $34.50
Altec Lansing 600B 8-ohm, 12-in. speaker, for FAS audio sys-
B@IMIS oottt e $16.50

Racon tweeter, for FAS installations, type CHU-2, with horn .. $23.10
KT-660 output tube, imported from England, standard U. S.
base, to replace 6L6

Cash must accompany your order. No C.0.D.'s. G. A.
guarantees that each part will reach you in perfect condition,
shipped in the original manufacturer’s carton.

eneral Apparatus Co.

' South Egremont, Mass.
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HIGH VACUUM
‘.,?-ZOOOA RECTIFIERS '

b
8020/100R

Eimac's comprehensive series of vacuum rectifiers permits a choice of "per-
tube" ratings of d-c plate current from 50 ma. to 750 ma. and a choice of inverse
voltage ratings from 15,000 to 75,000 volis.

These are ruggedly constructed tubes built to withstand more than normal
abuse in rectifying and voltage multiplying circuits or as diode clippers. Their design
incorporates many of the features long associated with the famous Eimac transmit-
ting tubes . .. Pyrovac plates . .. thoriated tungsten filaments . . . no troublesome
internal insulating materials . . . and, of course, a "hard" vacuum.

Put Eimac high vacuum rectifiers to work for you. Write today for detailed
data sheets giving complete operating information and application notes.

EITEL-McCULLOUGH, INC.
San Bruno, California

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California 4

MAXIMUM AVERAGE PLATE * PEAK INVERSE

DIMENSIONS  PLATE CUR. DISSIPATION VOLTAGE FILAMENT
TYPE DESCRIPTION Lenath Dismeter Ma, Watts Volts Volts Amps.
ISR i amars Radivon oot pyoac e, P45 s 50 5 25000 63 30
ZEOA N e e N et i s It btes 35 3 000 50 40
A0 S nmen Fhamant Rodiovon ccied sy pipe. 888 275150 90 30000 50 130
22008 [ e Mk sy Nk o et bestng beited 154 500 150 40000 75 120
220008 [ n e e Vo e et b hoiand - gg g5 70 1200 75000 100 250
B0 N vy el M vl el cogl et b jozs 4250 150 6000 50 108
253 v e ok ot b, thoiated e 9 275 30 10 15000 50 100
B020/100R 1 iament Rndion cosied pyeovo pite, T & 23 00 60 40000 50 45
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Many people realize and take advantage of the fact that ‘‘the tough ones
go to UTC.”” Many of these ‘‘tough ones,’”’ while requiring laboratary preci-
sion, are actually production in quantity. To take care of such special re-
quirements, the UTC Laboratories have a special section which develops
and produces production test equipment of laboratory accuracy. The few illus-
trations below indicate some of these tests as applied to a group of units
used by one of our customers in one production item of eqdipmeng:

The component being checked here is a dual saturable reactor where the test and
adjusting conditians necessitate uniformity af the complete slope of the saturation
curve. The precision of this equipment permits measuring five widely separated points

on the saturation curve with saturating DC controllable to .5% and inductance to .5%,

Servomechanisms and similar apparatus depend, to a considerable degree, on phase
angle operation. The transformer adjusted in this operation requires an accuracy
of .05 degrees phase angle calibration under the resonant condition of application.
With wide change in voltage and temperature range from —40 to 85 degrees C.,

the phase angle deviation cannot exceed .2 degree. To effect this type of stability,

specific temperature cycling and aging methods have been developed so that
permanent stability is effected.

This test position involves two practical problems in a precision inductor. The unit
shown is adjusted to an inductance accuracy of 3%, with precise (high) Q limits.
It is then oriented in its case, using a test setup which simulates the actual final
equipment so that minimum inductive coupling will result when installed in the
final equipment,

The hermetic sealing of transformers involves considerable precision in manufac-
turing processes and materials. To assure consistent performance, continuous sam-
pling of production is run through fully automatic temperature and humidify cycling
opparatus. Ht is this type of continual production check that brings the bulk of
hermetic sealed transformers to UTC.

‘150 VARICK STREET NEW YORK 13. N. Y.
EXPORY DIVISION: 13 EAST 40th STREEV. NEW YORK 16. N Y . CABLES: "ARLA®""
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Police ¢ Fire © /Municipal ¢ Taxi

Uni-Channel

SENSICON
Dispatcher

= Motorola
Tl FM 2-WAY RADIO

USE AS PORTABLE BASE STATION

USE AS MOBILE DASH MOUNT

USE AS MOBILE TRUNK MOUNT /

VERSATILE 2-WAY
RADIOTELEPHONE

Engineered for your specific communication problem . . . whether it
be safety, protection, maintenance, repair, supervision, control — or
any of the countless uses that modern industry requires.

Motorola’s powerful Uni-Channel SENSICON Dispatcher is indus-
try’s top performer in low-cost FM 2-way radio. It gives you permanent
selectivity, voice dominance over noise, greater freedom from inter-
ference, longer life and freedom from obsolescence. The “Handie-
Talkie”* radiophone houses a complete FM transmitter-receiver and
power supply in a single compact unit . . . for vital communication
liaison in thousands of industrial applications.

It will pay you to investigate the possible application of Motorola
FM 2-way Radio in your operations . . . for you'll soon find that it
pays for itself by providing greater control, more economical use of
precious manpower and equipment. *Trade Mark of Motsrola

%20%%4 SPECIALISTS IN MOBILE RADIO

MOTOROLA INC: COMMUNICATIONS AND ELECTRONICS DIVISION

4545 AUGUSTA BOULEVARD, CHICAGO 51, ILLINOIS
ROGERS MAJESTIC ELECTRONICS, LTD., TORONTO, CANADA
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