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The new Type 1023-A Amplicude Modulutor, while designed par-
ticularly for use with the G-R Type 1022-A F-M Generator, may be
used equally as well with other standurd-signal generators at fre-
quencies between 5 Mc and 220 Mc. It produces an amplirade-
modulated signal with no appreciable incidental f-m. A featue of
this modulator when used with the Type 1022-A Generator 1+ the
i.f. operating range switch which provides 2 gain of 10 ac the 107
Mg standard f-m receiver intermediace frequency. Oueput volrages
up to 3 volts cun he obtained w:thout serious envelope distorzion.
The output impedance is exceptionally constant.

TYPE 1023-A AMPLITUDE MODULATOR $25C.00

For measurements of r-f sensitivity on balanced lines for {-m and ¢v bands,
the Type 1000-P5 V-H-I* Transformer plugs into 2 standurd-sigual gener-
ator having a 50-ohm unbalanced output and supplies an equal balanced
open~circuit voltage behind 2 300-ohm halanced impedance. lts frequency
range is 50 Mc to 250 Mc.

TYPE 1000-P5 V-H-F TRANSFORMER..... $27.50

QR

GENERAL RADIO COMPANY

Cambridge 39, Massachusetts
920 S. Michigan Ave., Chicago 5

90 West St., New York 6

<=M BTANUARD .
1GNAL GE! 70!
1 “!“a‘“q-

FOR TESTING F-M BROADCAST RECEIVERS
SIMPLE e INEXPENSIVE ¢ NO SPURIOUS SIGNALS

THIS new G-R Standard-Signal Generator is designed especially for
testing f-m broadcast receivers. Al un:ssentias have been omitted inorder
that it can be moderately priced lts features -nclude:

Carrier Frequency Ranges —10-11.5
Mc and 38-108 Mc

Very Low Incidental Amplitude
Modulation — less than 59,

F-M Noise Level Very Low — more
than 50 db below 75 kc¢ deviation

Slow Drift—less than 0.0057; after
20 minutes operation

High Output Voltage — 88-108 Mc
from less than 0.1 mv to more than
1 volt; open circuit; 10-11.5 Mc from
less than 0.1 to 0.25 v

@® No Spurious Signals i Output

1000 N. Seward St., Les Angeles 38

Sysiem — generates onlv one fre-
quency

Extra-Low Generator Leakage — un-
detectable on high-grade commercial
f-m receiver

Semi-Logarithmic Meter Scale —
easter to read low deviations

Constant and Purely Resistive Out-
put Impedance — 50 ohms nominal

Auxiliary Tuning Scale—for easy in-
terpolation, 200 kc intervals on 88-108
Mc range and 20 kc on 10-11.5 range

TYPE 1022-A F-M STANDARD-SIGNAL GENERATOR . . . $625.00



UP-TO-DATE FEATURE

—

Dual Purpose Equipment (Studio or remote|
Electronic View Finder

Tube interchangeability

Turret Lens Plate with Remote lris Control

-

Breakaway Chassis for Accessibility

s i

Automatic Lap Dissolve and Fade

Single-Unit Sync Generator
Single Jiffy Connectors

White Peak Limiter

e

Fingertip Controls

Panhandle Focus

© ALLEN B Du MONT LAHBCRATORIES INC

Are your M/ﬂems“ z/,o-fa-a’dfe.

ALLEN B. DU MONT LAB()RATORIEb INC.

. I‘J;LEVISION TR X}\ MITTER LIVI%IO‘\ CLIFTON,
WORK AND WABD, 515 MADISON \VL NEW YORK 22, N.
NEW YORK 3, N, Y.’ .

N. J. e DU MON] \bl
Y. o DU MONT’S JOIN WANAM ’\KER TELEVISION STUDIGS,
WTTG., WASHINGTON, D. C. e STATIGN WDTV, PITTSBURGH, PA. e HOME OFFICES AND
PLANTS, PASSAIC, CLIFTON, ALLWOGD, AND EAST PATERSON, N. J.
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1950 Zenith "Black” Tube Television
With New "Super-Range” Chassis

1269%"

Plus Federal Excise Tax

New Zenith “Adams”
An unprecedented value in television cntertainment. With
new Glare-Ban “Black” Tube—television’s greatest picture
improvement! Has “Big B” Giant Circle Screen and sensa- Zenitht gives you pictures with great depth and detail
tional new “Picturemagnet’ built-in aerial. Plus Zenith's
exclusive One-Knob Automatic Tuning and convenient e N . i i . L
Duo-Picture Control Switch. In handsome cabinet of gen- Black” Tube (Blaxide) increases picture clarity—elimi-

uine mahogany venecrs. nates objectionable blur and glare. And now in many

T . ..
1\ ever before have there been such amazing television

improvements available to you as in these new Zeniths!
— photographic realism. Sensational Zenith Glare-Ban
locations, no need for a separate aerial inside or out

—=—ZENITH TELEVISION with Zenith television . .. just plug in, and Zenith’s ex-
clusive “Picturemagnet” does the rest.

New Zenith “"Lincoln”
Quality television at its
finest! New Zenith Glare-
Ban “Black” Tube—gives
greatly improved picture
clarity in lighted rooms.
With “Giant C” Giant
Picture Screen and Zen-
ith'sexclusivebuile-in*'Pic-
turemagnet’ aerial. Sim-
pliied One-Knob Auto-
matic Tuning and conven-
tent Duo-Picture Control
Switch. An exquisite con-
sole in gen-
uine muﬁog- $35995%
any veneers.

Plus Federal Excise Tax

Yes, of course Zenith has a Built-in Antenna—

PLUS These Sales-Proven Zenith Features

% One-Knob Automatic Tuning —one twist brings in station,
picturc, sound. Does automatically what on many other sets
takes up to 5 or 6 manual tuning opcrations.

* "Gated’’ Automatic Gain Control —Zenith's exclusive, auto-
matic protection against “‘picrure flurcer.”

* Genuine Armstrong FM Sound —the FM of the ¢xperts. Glo-
rious toned, sratic-free, even in worst storms !

% Giant Circle Screen with Picture Control—gives vou a choice
of circular or rectangular pictures at the flick of a hnger!

ZENITH TELEVISION

Zenith has the great values New Zenith “Van Buren’

= Television FM-AM Radio-Phonograph Com-
bination. With new Glare-Ban "Black’ Tube
and “Big B” Giant Circle screen. Has Zenith's
new built-in " Picturemagnet” aerial plus ex-
ctusive Duo-Picture Control and Simplified
One-Knob Automatic Tuning. Matchless radio
reception with Zenith's new Super-Sensitive
FM and famous l.ong-Distance AM. Revolu-
tionary new 3-Way Cobra? Tone Arm and
t® R Record Changer plays all records, all sizes. all
speeds —automatically! All exquisitely com-

bined in a superb "Queen ]

ZENITH RADIO CORPORATION Anne” cabinet of genuine ma- $4_8995>F

: H inoi hogany vencers. . . . .
t &
6001 West Dickens Avenue, Chicago 39, Illinois Plus Federal Excise Ta

o sancer RADIO
and TELEVISION

*8uggested retail prices. West Coast prices slightly higher. Prices subject to change without notice

2 FM-TV, the Jour~xaL of Rapio CoMMUNICATIONS
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Jor the Best in. ..
TWO-WAY
RADIO

COMMUNICGATIONS

always specify

DESIGN LEADER IN THE FIELD
SINCE 1932 WITH EQUIPMENT

"I’referred the
World Over !
*

FM
® 25.50 MC ® 72.76 MC
® 152-162 MC ® 450 MC
BAND e 960 MC BAND
*
AM
® 25.50 MC
® 1500-3000 KC

*

Portable Units
*
Vetric Motorcycle
Radio Equipment

Link Radio Corporation
125 W. 17th St., New York 11, N. Y.
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EAR-END figures on home radio

production show that the industry
prospered in 1949, RMA estimates that
TV sets totaled something more than 2.
800,000, taking inlo account the produc-
tion of non-member companices. This is
3.2 times the 48 figure.

F)M sets, plus the rapidly-growing sale
o! chassis not included in RMA figures,
amounted to about 1,000,000. While that
is one-third below the 48 tolal, 1t ac-
lually represents a gain in the manufac
ture of sets capable of giving creditable
FM receplion. Also, some 500,000 TV
reecivers built during the year had FM
tuning, so that the cffective FM total
added up to about 1,500,000 capable of
giving their owners substaniially more
enjoyable performance than from AM
broadcasting.

The 1919 figure for AM was 6,391,000,
down almost one-halt from 8. To be
exact, it dropped 5,300,000, Last month,
we said that the November figure, a rec-
ord for the year, might not be reached
again. As the Barometer shows, Decem-
ber was down again, and a very subslan-
tial further drop can be expected as the
monthly figures come out for the new
vear. Only 2,784,000 home-type AM sets
were produced in “19, of which nearly

one-half were billed at less than $12.50.
ADM consoles dropped to +,286.

Looking ahead. it is difticult to antici-
pale TV sales in 1950 because there is no
likelihood that the VHF band will be
opencd up beifore a decision is reached
on UHF ullocations. Of course, the
market in the present VHE areas is far
from saluration, However. there will not
be any spectacular increase in TV pro-
duction until UHEF models - can  be
brought out. Therefore, current TV fig-
ures will run at about the present level,
with seasonal variations, until the nation-
wide allocations can be released.

Despite all dire predictions by those
who wish it weren’t, FM is firmly and
perinanently established. In addition to
Zenith’s big production, General Electrie
is readying a low-price model of excellent
performance. [t is probable that I'M
sels will reach the 2 million mark in "50,
not counting TV models with 1M tuning.

Manufaclurers are dropping AM
models already. Aulo sels and portables
will far exceed home sets during the
coming vear. It’s ouly an opinion based
on the postwar figures. but it looks as if
the 1950 AM lotal may not exceed 3 mil-
lion. If that is the case. the net drop of

AM sets in use will be about 5 million
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THIS MONTH’S COVER

The Bell System’s FM microwave
relay which has proved so successtul
between New York and Boston is
now being extended to Chicago, and
will ultimately reach San Francisco.
This month’s cover shows a test in-
stallation used for checking relay
locations. A portable, guyed tower,
200 feet high, is used for this purpose
Then the transmitler or receiver is
cranked up to the required height. as
indicated by measurements made on
the ground. Such elaborate tests are
necessary because of the high cost of
multiplex relay installalions.

SPOT NEWS

NOTES

ITEMS AND COMMENTS, PERSONAL AND OTHERWISE, ABOUT PEOPLE

AND COMPANIES CONCERNED WITH RADIO COMMUNICATIONS

December 12, 1901:

Next vear we shall celebrate the 50th an-
niversary_of Marconi’s first transnission
of radio signals across the Atlantic. Cer-
tainly our Post Office should recognize
this historic event by issuing a comme-
morative stamp. If vou agree, it’s none
too early to write Postmaster General
Jesse M. Donaldson about it.

Leroy A. Wilson:

AT & T president to the supervisory staff
at Bell Laboratories: “T would emphasize
that although technology must come be-
fore service, the service idea comes he-
fore the technology. The great success
of the Bell Telephone Laboratories in ad-
vancing the art of telephony has come
out of a continuous underlying motive of
providing service — more service, more
dependable and improving service, . . .”
Strikes us that radio broadcasting needs
more of that kind of thinking at manage-
ment level.

Equipment and Components:

A calalog of 144 pages has just been
issued by the Radio Shack, 167 Washing-
ton Sireet, Boslon 8, listing equipment
for broadeasters, manufacturers, lahora-
lories, and custom set-builders. This is
the only parts jobbing concern east of
New York that carries a full stock of
cataloged items.

Melville Eastham:

Founder of General Radio Company,
and its president unlil 1944, retired on
February 15, in accordance with the
Company’s relirement plan. For the
past six vears, he has held the posilion ol
chief engineer: now he has been ap-
pointed honorary president. Charles C.
Carey and Arthur E. Thiessen, both of
whom are vice presidents, have been
elected directors.

March 1950

Low Temperature in TV Freezer:

FCC Chairman Coy, testifving on Jan- |

uary 30 al a closed hearing of the House
Appropriations Committee on Independ-
ent Offices: “I have no clear idea how
long that [allocations hearing] is going to
take. T do not see how we can possibly
get out of the freeze before the latler
part of the summer. T cannot even say
we will get out of it.” If. as is widely
held, the time depends upon progress in
developing and field-testing UIIF trans-
mitlers and reeeivers, and setting UHF
standards, it seems as if the FCC should
say so, [rankly and expliciily.

R. L. Grove:

Appointed Chief Engineer of Cornell-
Dubilier’s ceramic division at New Bed-
ford. Mass. Previously, he was ceramic
engincer at the Westinghouse plant in
Derry, Pa., and more recently with Cen-
tralab in Milwaulkee.

|
Color TV Report:

A complete report on FTCC tests and a |

discussion of the present status and
future prospects of color television will
appear in the April issue of FM-TV. Im.
portant factors, not covered by the press,
will be considered in detail.

Now It’s SMPTE:

The word “Television” has been added to
the name of the Society of Motion Pic-
ture Engineers. Explaining this, presi-
dent E. L. Sponable said that this is in
recognition of “the fact that in certain
regions the interests of the television and
motion picture engineers coincide, Each
can learn much from the other.” In-
formation concerning membership in the
SMPTE, and the Society’s excellent
monthly Journal can be obtained from
Boyce Nemee, executive secrelary, 342
Madison Avenue, New York.

formerly F, and FM Ravio-EvrecTrRoNics

Eir T




Professional Directory

}and/zgf (()9" gaiézy

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 AD 2414

Mecmber AFCCE

GARO W. RAY

CONSULTING RADIO ENGINEERS

Standard, FM and Television Services

HILLTOP DRIVE

STRATFORD, CONN. Tel. T-2465

ANDREW ALFORD

Consulting Engineers
ANTENNAS & RF CIRCUITS
Laboratory and Plant:

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

DALE POLLACK
FREQUENCY MODULATION

development and research
transmitters, receivers
communications systems

352 Pequot Avenue New London, Coan.
New London, 2-4824

GEORGE C. DAVIS
Consulting Radio 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 5)

New Equipment Manufacturer:

Standard Electronics Corporation, Provi-
dence, R. 1., has been organized with pri-
vate capital to manufacture audio and
video broadcast station equipment, and
communications equipment. Products
will be distributed by Graybar, which
formerly handled a similar Western Elec-
tric line. President is Edwin M. Martin,
former board chairman of American
Bosch. Sales manager is John Ganzen-
huber, formerly in charge of Western
Electric’s radio sales.

New Propagation Laboratory:

Bureau of Standards will spend $4.5 mil-
lion on a propagation laboratory at
Boulder, Colo. Plot of 210 acres is ad-
jacent to the University of Colorado.
Most of the staff of 300 will be moved
from Washington. Research will cover
propagation, systems, and measurement
standards.

Antenna Sales Promotion:

Philco’s January service-dealer bulletin
listed FM turnstile and single-dipole re-
ceiving antennas with the comment: “A
recent survey has revealed thal many of
the millions of FM receivers in the
United States are located in low signal-
strength areas. and that the sets are
not performing at peak efficiency because
thev have no outside aerials. That, of
course. means that owners of these sets
are in the mood to buy one of the
new Phileo FM aerials. What a market.”

New Plant Construction:

Motorola is doubling the capacity of its
Locust Avenue plant at Quincy, TIL
Corning Glass is proceeding with two
buildings, one for TV tube development.
and the other for mechanical develop-
ment. Admiral has purchased the Gen-
eral Mills building. of 64.000 square feet.
at Bloomington. TH. Hytron is adding
space for TV tube production, adjacent
to its factory at Salem, Mass.

More AM Licenses Deleted:

Use of figures showing a great number of
“FM station deletions” is just another
example of efforts to discredit M broad-
casting. Tt is true that some 189 con-
struction permits for FM stations were
turned back to the FCC. along with 60
AM construction permits. However.
CP’s do not represent operating stations.
Some applications for CP’s amounted to
much more than expressions of wishful
thinking. Of the licensed stations that
were on the air and then closed down in
1949. twenty were AM, compared with
six FM stations!

Professional Directory

McNARY & WRATHALL
CONSULTING RADIO ENGINEERS
v

DI. 1205

v v

906 National Press Bldg.
Washington, D. C.

1407 Pacific Ave. Phone 5040
Santa Cruz, California

KEAR & KENNEDY

Consulting Radio Engineers

1703 K St., N.W. STerling 7932
Washington, D. C.

GEORGE P. ADAIR

Consulting Engineers
Radio, Communications, Electronics

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

¢cINTOSH —
&INGLIS_

Consulting Radio Engineers

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

RATES FOR
PROFESSIONAL CARDS

IN THIS DIRECTORY

$12 Per Month for This Standard
Space. Orders Are Accepted
for 12 Insertions Only.

LYNNE C. SMEBY
ConJu/b’ng

/Qac[io (:,ngineer:i

820 13th St., N.W, EX 8073
WASHINGTON 5, D. C.

FM-TV, the Jovrnar of Rapio CoMMUNICATIONS



Professional Directory

RAYMOND M. WILMOTTE Inc.

Conduﬁing (Sngineem
/gazlio (()j g/ec/ronicd

1469 Church St. N. W.  Decatur 1232
Washington 5, D. C.

WELDON & CARR
CONSULTING RADIO ENGINEERS

Washington, D. C.

1605 Connecticut Ave. Ml. 4151

Dallas, Texas

1728 Wood St. Riverside 3611

RUSSELL P. MAY
CONSULTING RADIO ENGINEERS
x * x

1422 F Street, N. W. Wash. 4, D.C.
Kellogg Building Republic 3984

Member AFCCE

CONSULTING
RADIO
ENGINEERS

o i

CORPORATION
263 EAST 75¢h STREET - CHICAGO 19

RATES FOR
PROFESSIONAL CARDS
IN THIS DIRECTORY

$12 Per
Space.

Month for This Standard
Orders Are Accepted

for 12 Insertions Only

Paul W. Klipsch

Professional Engineer
Acoustic development
and consulting

Klipsch and Associates

building the authentic

KLIPSCHORN
world’s finest sound reproducer

Hope, Arkansas

Tel. Hope 995

March 1950—formerly FM,

SPOT NEWS NOTES
(Continued [rom page 6)

Phonevision Tests Set:

With FCC authorization, Zenith is
paring to starl Phonevision tesls on
channel 2 in Chicago. A contract wa
signed with Illinois Bell Telephone Com-
pany on February 2 under which 300
families, equipped with test receivers, will
be charged $1. on their phone bills if they
ask cenlral for a Phonevision connection.

pre-

Extra Dividends from Taxi Radio:

Radio dispatching has doubled the busi-
ness of the Checker Taxi Company of
Madison. Wis.. according lo general man-
ager Roberl L. Bender. And he adds the
interesting side-light that, despite the
added revenue-miles, deadhead mileage
has been eul so drastically that the cabs
only average 30.000 miles iravel per vear.
Before radio. cabs were traded in each
vear. Now they run two lo three vears.

1,449 Feet High:

Both WPIX and WABC-TV lhave con-
tracted with NAB for transmission from
the new anlenna to be erected on the
Empire State Building. New York City.
WABD will probably use this tower later.

Harold J. Adler:

Appointed chiel lelevision engineer for
Hallicrafters. For the past sixteen vears,
he has heen Sentinel’s chief engineer.

Maybe It’s Retribution:

When WMCA president Nathan Straus
decided to close down WMCA-FM, he
went to grea! pains to explain in detail
that M was only a snare and a delusion.
His letter, published in The New York
Times, stated: “FM is a service which.
for the ordinary listener in the average
location. has no advantages over AM.”
Bul he has never referred publicly to the
fact that his AM transmission is being
practically ruined by a squeal from
Cuban interference. Nor did he shul
down WMCA-FM. because he received
several offers to buy the station!

Car Radio Production Dropped:

Although aulo seis have represented $20
million volume al Zenith Radio, the Com-
pany will give up this business in order to
devote its facililies to increased produc-

tion of TV and FM sets. Alternative
would be expensive plant expansion
which. in Commander McDonald’s eon-

servative judgment, is not warranted.

More Transit Radio Sponsors:

Transit Radio. Tne.. repor!s a 22 per cenl
increase in number of sponsors during the
last two months of '49. Current list
shows 459 companies using lime on 14

| affiliated stations.

and I'M Rapio-ErnecrroxNics

Special Services Directory

METHODS ENGINEERS

Materials & Methods engineers in America's
leading manufacturing plants use Topflight's
Printed Cellophane, Self - Adhesive Tapeto
meet A-N specs. - assembly line - follow
through - instruction labels. Easy to Apply.

TOPFLIGHT TAPE CO. YORK PA.

RANGERTONE

TAPE RECORDERS
HIGH-FIDELITY EQUIPMENT FOR
BROADCAST & RECORDING STUDIOS

RANGERTONE, INC.

73 Winthrop St. Newark 4, N. J.
Tel. Humbolt 5-2550

THE WORKSHOP
ASSOCIATES

INCORPORATED

Specialists in
High-Frequency

Antennas

66 hee(lhnm St., Newton Highlands, Mass.
Bigelow 4-3330

MEASUREMENTS

CORPORATION
/eejearcll éf
7Wanu/’acfum'ng

.n gineerd

Specialists In the Design & Development
of Electronic Test Instruments

BOONTON, N. J.

HAROLD M. HEIMARK

Communication Engineers

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

MANUFACTURING FACILITIES

734 N. Austin Blvd.
Qak Park, 1llinois

Chicago phone
Estebrook 8-7047

1 |III||

16-MM Professional Motion Picture
Production Equipment

J. A. MAURER,

37-07 31st Street, Long Island City 1,
Tel. STittwell 4-4601

Inc.
N. Y.
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TV FEATURES

OF THE

MAURER
16 MM. CAMERA i e axie Heimar it

movement Bhe functisrs of the pul -
down claw =ad regstraticn pin ame
combined, 3ivi azcurmta reg stecwion
in old or new Zilm. Bacause it dedencs
to a minimum exters wpon the acce-
racy of 16 mm_ perfomioss, th s meve-
ment provides th: mest occurage ragis-
fration obtaimable.

The ‘unique Mcuret Cfocusing -eysiem
provides fell field :amoasition threugh
the taking lems. The image seer thraugh
the clear g ass reticle p2rmils tve grect-
est mecgni-icaiot 2ves aeblaired n a
motion pieture camerc for cr tien  fo-
cusing, there-cre obtaisirg the. gregtest
accuracy.

The Maurer 16 mm. camera is the answer to your

exacting TV production requirements. Designed
specifically for professional use, it produces
steadier, sharper and more accurately composed
pictures under all conditions. Ease of operation,
combined with many other unique features make t
the Maurer Professional tops in performance
and dependability.

The Maurer vcriable stufter hos o 235°
open segrmesd . . . alowing ws=2 of a

smaller aper-Lre with fhe same ligating
. . . giving greater dapth of fizle. Tclhi-
brated in “29ens stods. it permirs quck

The 16 mm. Camera Designed

Speciﬁca”y fcr PrOfQSSiOn a’ Use! and accurate shange of exposore while
shooting. The addicianal light toms-

For details on these and other exclusive mission pervits vou to shao~ yeur
i . originals in aclo- entily, o factor wh ch

Maurer features, Write: is valuable rcw ard may become much

more imparfmt.

J. A. Maurer, INC.

3701 31st Street, Long Islund City 1, N.Y.
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CONTINUOUS TUNING FOR TV SETS

DETAILS AND PERFORMANCE DATA ON THE NEW DUMONT 4-SECTION HEAD END,

DESIGNED TO TUNE CONTINUOUSLY FROM 54 TO 216 MC.—

NPUT tuning systems for television

receivers can be broadly classified,
according to the method of channel se-
lection. as step-tuning or continnous-{un-
ing types.

The step-tuning types employ rotary
switches or a detent-positioned turret
to allow a discreie jump from one tele-
vision channel to the next. Fine tuning
over a limited frequency range at each
channel position is usually provided by
means of auxiliary vernier control of os-
cillator frequency. Step tuning systems
are applicable lo receivers designed for
lelevision receplion alone. and do not
take advantage of the fact that the
standard FM broadcasting bund. 88 to
108 mec., is located in the portion of the
spectrum between television channels 6
and 3

Purpose of Continuous Tuning:

A continuous tunming input system, in
conjunction with the dual IF channel
lype of television reeeiver, makes it pos-
sible to provide high quality FM recep-
tion as an added feature without the in-
clusion of any other cireuit elements than
those required for television reception.

Division, Allen B. Du Mont
2 Main Avenue, Passaic, N. .

*Electronic Parts
Lahoratories, Inec..

‘By B. K. V. FRENCH*

Fig. 2. Spiral design of coils increases linearity at high end of tuning range

Since television broadeasting at present
is confined to a short operating day,
especially in sections of the country not
served by coaxial or relay network serv-
ice. this dual funetion of TV and FM
reception by the same entertainment de-
vice 15 of value.

Another advantage of continuous-tun-
g systems 1s the fact that optimum
picture and sound tuning can be real-
ized at all times, whereas any drift in
tuning duc to the aging of carrier tuning
clements of a step type system can be
correeled only by a serviee adjustiment.

Fig. 1. 0ld and new lnputuners. New model, right. Las added section but is smaller

Wareh 7950

formerly FAM, and FM Rapio-Erecrrovics

Continuous tuning can he accom:
plished by the use of either a variable
capacitor, a variable inductor, or a com-
bination element embodyving simulta-
neous variation of inductance and capac-
itance (butterfly tuning). Since it is
desired to cover the entire range from
television channel 2 al 5+ me. to channel
13 at 216 me. with a single variable tun-
ing element, the variable inductance (ype
of tuning appears to be the most prac-
tical method because of its wide-range
capahilities.

Variable Inductor Development:

Ihe pertection of a reliable and efficient
variable inductor for this range of fre-
(quencies has been a continuing develop-
ment of more than twelve vears. ', 2 %
5 Fig. 1 shows the latest Du Mont
t-section Inputuner® model T4A at the
right, and the preceding 3-section design,

In common with previous designs. the
series THA Inputuner employs a
shding-contact. variable gang inductor
known as the Tnduetuner.” This minia-
ture version allows a tuner design in
which four tuning sections occupy less
space than the three sections of the
older Lype, making possible a completely
shielded with an additional tuned

Hnesy

unit

“A New System of Inductive Tuning,” Paul

Ware,, P’roc. I.R.E., March, 1928,

A New Inductive Tuning System,” Paul Ware
Proc. Radio Club of Awmerica, February 1938.

Induchve Tuning at Ultra High Frequencies,”
. K. French, Electronics, April 1

“Tnductive Tuning System for FM-Television Re-
ceivers,” Paul Ware, Proc. Radioc Club o
merica, May 1946.

‘“T'wo New Television Tuners,” Myron F. Melvip.
Proc. National Electronics Conference, Novembher
1949.

8Trademark, Allen B. Du Mont Labs.. Inc

“The Inductuner is manufactured by P. R. Mallory
& Co.. Inc. Inductuner is the registered trade-
mark of that company.
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Fig. 3. Dimcensions of the improved Inputuner, showing power supply requirements

crremnlt which gives superior performance
but occupies less chassis space.

The earlier type of Inductuner em-
ployed rolating evlindrical coils mounted
on a ceramic shalt with a sliding contae-
tor riding trolley-fashion on the wire to
shorl oul the unused portion of the in-
ductor.  End rings on the inductor forms
permitted circult connection to hoth ends
of the inductor. The mechanical require-
ments of spacing the units and providing
a rear bearing for the shaft resulted in a
three section unit whieh was 7-14 ins.
long.

The Miniature Unit:

The new miniature type, shown with the
shield removed in Fig. 2, has an overall
length of only 6 ins. for a four-gang unit,
In this design. the inductors take the
form of flat spivals. The silver conductor
1= supported by grooves molded acen-
riately in o mica-filled. low-loss bakelite
plate.

In addition to the reduetion in size.
the spiral lype possesses several other
mechanieal and eleclrical advantages as
compared with the earlier design. Since
the new design has one less contact per
section. fewer moving parts, and a single
bearing. the average torque required has
been reduced.  The original Inductuner
emploved 10 turns of primary luning
motion but its range included the old TV
vhannel 1. In the spiral tuner, it has
been fonnd possible to obtain the desired
mduetance range for 5+ 1o 220 me. wilh
less than 6 turns of tuning motion,  The
spiral form of the induetor, with the
high-frequency end ol the tuning range
emploving the inside turn, produces a
reduction of the slope of the tuning enrve
as compared with that of the cyvlindrical
type. This results in an improved enrve
wlich simplifies the tuning of the upper
seven channels. The overall
mounting dimensions are iHustrated
Fig. 3.

size and

Tuning Dial Design:

The dial seale illustrated in Figs. 1 and
consists of a small dial mounted direetly

10

on the tuner shaft and a large dial scale
which i1s dviven through a gear train.

Both dials are made of translucent,
peach-colored lamacoid, screened with a
dark brown pattern.  The television

channel positions, as well as other short
wave services such as the amateur and
avialion bands, are indicated by calibra-

Fig. 4. Tuner has a separate dial for FM

tion points on the large dial which makes
less than one revolution for the entire
range of tuning.

The small dial moynted on the tuner
shaft covers the FM broadeasting band
from 88 to 108 mc. in approximately 33
turn of the tuning knob. This dial is

directly calibrated in megacycles. with
the ecalibration markings translucent
against an opaque background. As the
FM band is reached. the FA dial is illu-
minated. During television tuning, the

FM dial is darkened.

Inputuner Performance:

The desirable features of an input tuning
system for a television receiver are:

1. High, stable RF gain,

2. A high order of rejection of spuriou
responses due o transmissions outside
the desired television channel,

3. Uniform band pass shapes. with low
peak-to-peak and peak-lto-valley ratios,
and adequate oseillator tracking to keep
the video and sound carriers placed with.
in the pass band,

L. A high order of oscillator frequency
stabtlity with time and temperature,

5. Low oscillator  radiation  which
would interfere with neighboring TV re-

ceivers,

6. Low noise figure,

7. Freedom from micerophonism, and

8. Provision for operation with either
a 300-ohm balanced 75-ohm
bulanced mput system.

I'he performance data shown i Fig. 5.
taken on a typical tuner. indicates the
extent to which certain of these require-
ments have been met in the THA unit.

The voltage-gain figures and the value
for oscillator radialion require some ex-
planation as to method of measurement
The gain figures ~shown are for the 75
olhim mput condition.  Input tuning sys-
tem gains are measured from the antenna
terminals to the first 11 grid. It has be-
come standard to refer such gains to a
normal mixer plate transfer impedance of
1,000 ohms. The gain is expressed as
the ratio of output voltage at picture
carvier IF, whiclh appears at the grid of
the first IF amplifier tube. to the antenna
input  termnal voltage at RF picture
carrier. The gam measurement is made
with the mixer plate load normally used.
the value of the mixer plate trausfer im-
pedance determined, and then the gains
are exlrapolated lo determine the gain
per 1.000 olims of transfer impedance.
Such a gain figure allows comparison of
input tuning svslems wilhout reference
10 a particular complete TK system.

or a un-

PERFORMANCE DATA ON_TVPchL 4-SECTION INPUTUNER ]
| CHANNEL 2 3 Y 5 6 7 8 9 10 11 12 13 ||
(| GAIN (VOLTAGE RaTIO) | w4 | 45 [ we [ wo |38 | 22 | 22 23 23 | 2 [ 22| 20

GAIN (db) 32.8 | 33 32.8| 32 31.6 26.8 26.8 27.2 27.2  26.8 | 26.8 26.4
I.F. REJECTION RATIO | 5K  6.2K 6.5 7K | (0K | 12K 12K 14K 20K & 226 | 24K 25K | |
[1.F. REJECTION (db) 74 75.8|76.2 76.9 80 81.6 81.6 82.9 86  86.3 87.6 37.9
| IMAGE REJECTION RATIO 10K & 10K | (0K 8.5 7K  IK (K 900 830 | 600 550 400
| IMAGE REJECTION (db) | &9 | 80 | 80 78.6 66.9 60 60 59 53.3 55.6 34.3 52 |
NOISE FIGURE (db) I 13 14 13 13 5 45 (5 15  i6 16 5 |
OSCILLATOR RADIATION 19K | 1.2K | 1.4K | 1.2K 1.6K 720 826 792 1K 1.4K | 1.iK| I.1K
'777 . S S

Fig. 5. Data from tests

on the 7nputnner. Note low oscillator radiation figures

FM-TV, the Jovrxat of Rapio CoMMUNICATIONS
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Fig. 7. Schematic of Model T14. Added section permits double-tuning of RF plate

The voltage gain figures for the 300-
ohm mput terminals are not shown in the
table, bul are approximately one-half the
values given for the 75-ohm input. The
wput transformer in the Inputuner pro-
vides a voltage step-up of 2 to 1 from
the 75-ohm terminals, as compared 1o the
300-ohm terminals. Since, under iden-
tical field strength conditions, and neg-
leeting lead-in losses, a 300-olim antenna
system provides twice the voltage of a
75-ohm system, the overall sensilivity is
the same for either type of antenna.

The oscillator radiation values given
in Fig. 5 were taken with a dummy load
across the input terminals equal to the
nominal antenna system iinpedance. In-
terference with television reeeption due
to oxcillator radiation from nearby re-
ceivers is fast becoming a serious indus-
Iry problem. Like the carlier Inputuner
models, this unit is completely shielded,
it employs an interstage shield between
Lhe input cireuit components and the rest
of the tuner, and utilizes a pentode RF
stage. These expedients, as well as care-
ful parts placement, have resulted in
the extremely low figures of oscillator
radiation indicated.

The advent of more and higher-power
television transmitters in the metropoli-
Lan areas is imposing the problem of pro-
viding suflicient seleclivity against signals
im nearby channels. The present design
provides a high order of sclectivity, as
shown by the curves in Fig. 6.

Details of the Circuit:

A description of the circuit employed
wilh reference to the seliematic diagram,
Fig. 7, and the bottom view in Fig. 8 will
serve 1o elahorale the means of meeting
the balance of requirements previously
listed.

The tube complement consists of a
6AG5 RF amplifier, a 6AK5 mixer, and
a 6AB4 oscillator.  Transformer Ti1
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Fig. 6. Seiectivity is uniform and sharp

allows the use of cither 75-ohm unbal-
anced or 300-ohi balanced antenna sys-
tems.  This transtormer can be seen im-
mediately behind the terminals at the
upper left of Iig. 8. Conuection is made
to the center or grounded terminal and
lo one of the outside terminals for 75-
ohm input, while the outside terminals
are used for 300-ohm input. In addition
to its normal function ol matching the
antenna 1mpedance to the cirenil, the
tranusformer rejects strong low-frequencey
signals such as those from AM hroad-
casling stations.

The sccondary ol input transformer T1
is loosely coupled to lhe tuned input
circuit through eapacitor C1. This input
circuit comprises the adjustable end-in-
dirctor LI and the variable tuning ele-
ment L2\, resonated by the network of
capacitors Cl, (2, with C3 and L3 in
parallel, C4. and the input capacilance
of the RF tube V1. In this cireuit
capacitor C4 and C2 are made adjust-
able for factory aligniment. They can be
seen at the lower left hand corner of Fig.
§. Ctis used to adjust the eireuit-track-
ing at channel 6. while C2 adjusts at
channel 2. End-inductor L1 is used to
set the lnigh frequency end at channel 13,
Damping of the circuit for proper band-
width is accomplished by resistors Rl
and Re.

The grid return of V1 is filtered by the
decoupling network R3, C5. and is con-
nected to the AGC circuit of the receiver
for gain control.

A double-tuned  bandpass circuit
couples the plate of the REF tube V1 1o
the grid of mixer tube V2. It will be
noted that this bandpass cireuit does not
employ any lop-side coupling, bul rather
uses a4 compensaled system ol bottom-
side coupling comprising circuit clements
L4. C6, L5, L6, and C7 1o provide cor-
reet bandwidth and signal transfer over
the entire tuning range. C8 and (9 ad-

(Concluded on page 33)

Fig. 8 Bottom of chassis. RF section at left is shielded to prevent radiation

March 1950—formerlv FM, and FM Ravio-Erecrronics
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OPTIMUM BIG-PICTURE QUALITY

A CUSTOM TV RECEIVER EMPLOYING CIRCUITS DESIGNED TO REDUCE VIEWING
DISTANCE, AND PROVIDING FOR HIGH-QUALITY SOUND — By EDWARD MILLER*

ECATUSE the Craftsmen RC100.\
television 1s designed for
custom installations, the cost of cabinet
furniture and the attendant expenses of
handling and shipping have been elimi-
nated. Thus the RC100A could be de-
signed for optimum big-picture perform-
ance, high-quality sound reproduction,
and extreme sensitivity without raising
the price to an extravagant level.

The result is to assure fine TV recep-
tion in noisy metropolitan locations and
in fringe arcas where signals may drop
al times to the point where piclure qual-
ity 1s unsatisfactory on conventional re-
cetvers.

Figs. 1 to 3 show the mechanical con-
struetion of the receiver. No power am-
plilier or loudspeaker is provided, since
it is anticipated that they will be avail-
able in associated audio recciver and ree-
ord-playing equipment. Kither a glass or
metal picture-tuhe can be used, witl a
long or short neck. A 16-in. tube is sup-
plied as standard equipment, but a 19-in.
tube can be used.

recelver

be aboul the right viewing distance. In
the case of this sel, that would be 14 ft.

Probably the most important factov of
hig-picture performance, and one which
has led to mitstaken ideas as to limitations
of picture qualily on the present 525-line
standard, is the altainment of perfeet
interlace.  An investigalion of this factor
will reveal that, in the average sct, per-
fect interlace is not available. Instead,
the lines comprising the two fields over-
lap slightly or, at best, are paired.

Any deparlure from perfect interlace
results in deterioration of the picture.
and inereases the viewing distance. When
the interlace is perfect. i.e., the spacing
between the horizontal lines i1s exactly
uniform, a remarkable improvement is
obtained in detail and resolution, and the
proper viewing distance is reduced to
about 5 times the picture height, or one-
third the distance it is necessary to sil
back from most 16-in. receivers.

How Interlace is Improved:

Perfect interlace can be guaranteed, even

BAUE 216 68AUS 216 8AUS |.6 6AL5 |/2 |2AU7 172 |2AU7
M
|
21.6 MC. | AuDI AUDIO IF AuDio AUDIO 500
o A&?’OLI L'M'TE“ h FM DiSC. OUTPUT _‘i)oums
aoosrsn =
SWITCH
6AGS 636 261 8CBS 26 6CB6) 261 ocBs 261 oCBe 2ec\ v26ALs ¥ ¥ sAus 8aRS |
e By e R ¥ A7 i dab - "
1 < [ ] st | 2ND.
AN RF AMP CONV. 18T IF 2ND. IF 3RO, IF 4TH.IF | VIDEO VIDEO VIDEG
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Fig.

Better Big Picture Quality:

The most common complaint against big-
picture scts, as compared to those using
smaller tubes, is that they offer little ad-
vanlage to the viewer because, as picture
size is increased, it 1s necessary to move
hack from the tube. It has become a
generally accepted rule that the viewing
distance should be 10 to 12 times the
diameler of the tube.

Relating this distance to the picture
height, which is the most critical dimen-
sion. 15 times the picture height would

*Chief Engineer. The Radio Craftsmen, Inc..
1617 South Michigan Avenne, Chicago 17, Tl
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t. The RC100A czrcmf.s' Aofe 500- olmn audio output, keyed 4(;0 booster switch

under conditions of noise. by utilizing
synchronizing circuits employing the fly-
wheel elfect on hoth the horizontal and
vertical sweeps. The automuatic phase
and frequency control systems for ver-

RESPONSE WITH ‘
BOOSTER SWITCH
ACTUATED =

NORMAL
VIDEO iF
RESPONSE

50%
AT

RESPONSE
26.1 MC.

Fig. 5. Booster shifts video response

FM-TV, the

Fig. 1. Mounting takes 16- or 19-in. tubes

tical and horizontal svnchronization. as
used m the RC100A, employ this fly-
wheel ellect, thus giving the full advan-
lage of large-size images,

By reference to the block diagram, Iig.
4 1t can be seen that similar systems are
used for both the vertical and horizontal
svinchronization svstems. These systems
first and then sub-
tracting a portion of sweep vollage to an
equivalent amount of synchronizing
pulse, comparing the resultants in a dis-
criminator circuil, and finally utilizing
the derived DC output voltage to control
the sweep oscillators.

The circuits differ in that the horizon-
tal system phase reversal for the sweep
voltage i1s provided by a transformer,
while in the vertical system the synchro-
nizing pulse is inverted by a 12AT7
phase inverter. Also in the first system
the DC output voltage controls a 6AH6
reactance modulator which determines
the frequency of a sine-wave oscillator.
while in the latter svstem the DC control
voltage is amplified directly and then
applied to the grid of a blocking oscil
lator.

operale by adding

Keyed Automatic Gain Control:

One other importanl consideration in a
cuslom TV receiver is simplification of
operating controls. This has been at-
lained by the inclusion of a keyed, auto-
malic gain control whose operating elar-
acleristic is nearly flat. With its use, the
video output is practically constant for
any input from 23 microvolis to over .23

Jovrxat of Rapio CommrNicarioss



volts, even if the input were Lo vary as
fast as 100 eycles. Thus the keyed, auto-
matic gain control, operating instanta-
neously, eliminates all noticeable picture
flutter usually caused by airplanes over-
head. Picture contrast is similarly stabil-
ized, despite other disturbances caused
by windblown antennas and transmis-
sion lines, or persons moving near indoor
antennas. The use of horizonlal retrace
pulses for keyving results in a short duty-
eyele of approximately 5 per cent of time
of operation, and this AGC eireuit is
consequently immune lo noisc occurring
during 95 per cent of the time.

Other operational benefits of this cir-
cuit are a remarkable improvement in
svnchronization cireuit  operation, and
aulomatic conirast adjustment when
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and full 4-me. bandwidth throughout the
video IF and video amplifiers with negli-
gible phase distortion.

Sequence Scelector:

The RF tuner is of the turret-type, using
replaceable coil eartridges for the 12 TV
channels. For easier front-panel channel
selection, these eartridges can be infer-
changed so that loeal are
grouped tegelher. 1t is also possible to
replace uny unused channels with units
especially <esigned for UHJ reeeplion or
I'M broadcast stations.

stations

Fringe-Area Booster Switch:
Although the chassis was originally de-
signed to give cxcellent fringe area recep-
tion, a fube change incorporated in later

Fig. 2. Top view. kanescope and high-voltage shield removed,

Due
to this automatie contrast feature under
all types of signals. coupled wilh the
automatic-brightness control action of
the video DC restorer, it is not necessary
to include the brightness adjustment with
the main operaling controls.

switching from channel to channel.

Auntomatic Retrace Erasc Circuit:

An annoying effect often noticed on some
receivers is the appearance of the vertical
retrace lines, either when there is no pic-
ture being sent during a broadcast or
with a dimly lighted scecne. These retrace
lines are completely eliminated, even in
the absence of a video signal, by provid-
ing a blanking pulse on the cathode of
the picture tube during retrace inlervals.

Other requirements lor good, large-
picture performance are the use of 13 kv.
or more for the picture-tube potential,

production (RC100A) has doubled the
video sensitivity of the receiver to 25
microvolts for 1 volt at the detector. In
addition to the usc of the new 6CB6 high
Gm video IF amplifiers, a switch has
been incorporated which gives a hooster
action in fringe areas enabling perform-
ance equivalent to that obtained with the
use of most separate hoosters.

In operation, this switch shifts the re-
sponse of the video IF curve, Fig. 5, so
that advantage is taken of the partial
double side-band transmission of a TV
station. At the same time, the IF gain
is increased and the video bandwidth is
narrowed to 1.5 mec., resuliing in im-
proved signal-to-noise ratio. It should
be noied that the loss in bandwidth is
not noticeable where pictures include the
disturbance of “snow.” The overall re-
sult of the switeh action is a 10 db bhoost

March 1950—formerly FM, and FM Ramo-EiLecrrovics

m video sensitivity. Since this action is
accomplished affer the sound take-off
cuil, sound reception is not disturbed. It
is obvious that the boost action is identi-
cal on all channels since there is no effeet
on the RT tuner, The switch mechanism
is controlled by shifting the fine tuning
control so that the boost is readily avail-
able at all times. This latter feature is
important for fringe-area use becuuse of
the wide variation in signal sirength
often encountered during the day. TFor
exainple, reception at sundown might re-
quire use of all available boosting action.
Three hours later strong signals, produc-
ing high-definition pictures free of snow,
would make wide-band reception possible.

In conjunction with the booster switch.
the excellent control offered by the AFC

Fig. 3. Turret turner at lower right has replaceable cartridges

action of the horizontal and vertieal syn-
chronization circuits and the keved AGC
delivers extremely stable pictures with
very weak signals.

The sound system has even greater
sensitivity, and provides 30 db quieting
al 15 microvolts input.

High-Fidelity Audio:

One parlicularly disconcerting practice in
popular television receivers has been the
inclusion of inadequate sound systems. in
spite of the excellent potentialities of the
I'M sound transmitted by TV stations.
By taking advantage of possible consoli-
dation with existing audio equipment, the
entire RC100A audio system provides for
high-fidelity performanee without adding
unnecessary expense, The separate sound
IT incorporates a ouble hmiter and
(Continued on page 33)
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TV APPLICATIONS OF THE 6BNG

ADVANTAGES OF USING THE GATED BEAM TUBE AS AN AUDIO LIMITER-DISCRIMI-
NATOR AND VIDEO SYNC CLIPPER — By RICHARD O. GRAY & WALTER J. STROH*

HE 6BN6 gated beam tube de-
veloped by Dr. Robert. Adler! of

Zenith and produced by General Electrie
Company has proved to be well adapted
for application i television receivers.
The tube is simple, though highly uncon-
ventional in structure and characteristics.

Operation of the 6BN6:

Iig. 1 shows a cross section of the unique
structure which fits into a miniature tube
envelope.  The operation of the tube is
based on electron-optical principles. The
focus electrode surrounding the cathode
in conjunction with the first accelerator
slot forms an electron gun which projects
a thin sheet-like beam upon the first grid.
I'he lens slol and screen together with
the second accelerator slot form a conver-
gent lens svstem which re-focuses the
beam and projects it onto the second
grid.  This sccond grid and anode are
enclosed in a shield box.

The characteristic of the first control
grid resembles a step-like function. The
plate current rises steeply from zero to a
sharply-defined maximum level in re-
sponse to a positive signal applied to the
grid. The plate current remains constant
at this maximum level no matter how far
positive the grid is driven. The second
control grid also has a slep-shaped char-
acleristic similar to the first and controls
the level to which the plate current rises.
I'hese characteristics are shown in Fig.
2A.

Whenever an alternating voltage in ex-
cess of 1 volt RMS is applied to grid
No. 1, the plate current becomes sub-
stanlially a square wave of constant am
plitude as shown in IYig. 2B, If the con-
trol grids are driven positive, they will
draw current but they cannot draw more
than a proportionate share of the total
beam current. The current to either con.
trol grid levels ofl at about 500 micro-
amperes. This feature is very useful. It
1s permissible to drive thie grids positive
without overloading the tube or damp-
ing the driving cireuits too much.

Such a lube may serve as a clipper or
square wave generalor, or it ean be used
as a liniler followed by a conventional
discriminator. In these applications Lhe
sccond control grid is not used, and can
be connected to the plate to obtain the
largest output amplitude, or to ground

*Engineering Department, Zenith Radiec Corpora
tion, 6001 Dickens Avenue, Chicago 39, Il
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to obtain limiting at the lowest input
sighal.  In its application as a straight
limiter, it rejects amplitude modulation
better than a conventional grid bias
limiter.  Limiting occurs instantancously,
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Fig. 1. Physical structure of the 6BN6

and no energy is stored {rom one cycle to
the next. The improvement is most
marked for short pulses such as ignition
interference,

The step-shaped characteristics or clip-
ping action of the 6BN6 makes it ideally
suited as a syvne clipper in television re-
ceivers, performing the task of separat-

second grid, energized by space charge
coupling. The circuit provided good M
detection, but no limiting was obtained.
H. P. Kahnus® in 1939 developed a de-
tector using the same principle in which
a degree of grid bias limiting was ob-

tained. The gated beam tube, in which

mproved  limiting  characteristics  are
aclhieved by electron-optical  means,

makes possible an ideal limiting diserimi-
nator, Iis application in television and
FDM receivers has resulted in economy as
well as good performance.

Use as a Limiter-Discriminator:

The intercarrier sound syslem is being
used in present day television receivers
for many reasons, the most important of
which is cconomy consistent with good
performance.  The 6BN6 gated beam
tube makes possible an intercarrier sys-
fem requiring a minimum number of
components.

Iig. 3A shows the schematic diagram
of an intercarrier sound system of a con-
ventional commercial receiver. The +.5-
me. beatnote is selected at the secoud
detector, amplified in the 6BA6 pentode
stage, and fed to the second amplificr
which is operated as a grid-bias limiter.
The amplified and limited signal is fed
into a conventional ratio delector eircuit.
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PLATE CURRENT
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LIMITER GRID VOLTS

!
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|
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30V
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Fiy. 24. Step-like grid characteristics of GBN6 give square-wave output. Fig. 2B

ing the sync pulses from the composite
video signal. This funetion will be de-
scribed in greater detail later in this
paper.

Perhaps the most interesting applica-
tion of the gated beam tube is that of a
limiter-discriminator for frequency-modu-
lated signals. The FTM detector circuit
used in this connection goes back to a
circuit invented by Zacharias® in 1936,
in which was proposed the use ol a con-
verter tube for FM detection. The signal
wis applied to the first control grid and a
resonant circuit was connccted to the

The detected audio is first fed to an am-
plifier stage and then to a conventional
power output stage, such as the 25L6. to
drive the speaker. The portion of the
cireuil enelosed by the dashed line can be
replaced by the gated beam limiter-dis-
criminator,

Fig. 3B shows the gated beam tube
functioning as the limiter-discriminator.
Here the 4.5 mc. signal is selected at the
second deteclor, amplified in a single
pentode slage, and fed directly to the

*Zacharias-—U. S. Patent
3H. P. Kalmus

No. 2.208,091.
U. S. Patent No. 2,233,706
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limiter grid of the 6BN6. The level of
the signal at the grid is approximately 5
volts RMS, depending upon the detector
oulpul and the gain factor of the ampli-
fier stage. The tube will limit and pro-
vide constant audio output down to an
mput signal as low as 1 to 1.5 volts RMS.

Whenever an alternating vollage in
excess of 1 volt i1s applied to the first
control grid, a square wave electron hean
of nearly constant amplitude is passed
during each half-cycle through the second

damping resistor, 20 to 25 volts RMbS
audio output can be obtained with 3 to
5 per cent harmonie distortion for 25-ke.
deviation.

The audio output level is sufliciently
high that the usual audio amplifier stage
can be eliminated, and the detector out-
put fed directly into the power tube. A
6V6 or 2516 power tube could be driven
lo full output with 30 per cent modula-
lion of the sound earrier. A 6AGT power
output tube, because of its high power

the video amplifier, and applied directly
o the limiter grid of the 6BN6, through
a suitable coupling transformer. By the
use of good eircuitry to the
intercarrier signal from the video signal,
and by avoiding AM modulation of the
4 5-mc. beatnote due to overloading th
video stage, a satisfactory two-tube audio
system is possible.

separate

Use as Syne Signal Clipper:

The the 6BNG
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Fig. 34. Conventional ratio-detector circuit. Fig. 3B. 6BNG functioning as limiter-discriminator replaces three tubes

second control grid (quadrature grid).
The periodic variation of the space
charge in front of this quadralure grid
produccs about 5 volts ol a signal across
a resonant circuit connecled to 1t, which
lags the signal frequency by 90 degrees.
The quadrature grid clips the leading
portion of each half-cycle pulse and
passes on to lhe plate periodic pulses of
aboul one quarier-cycle length. Modula-
tion of the signal frequeney aftects the
phase lag between the half-cycle pulse
and the quadrature grid voltage. and cor-
respondingly affects the length of the
plate current pulses.  Across the plate
load resistor a voltage drop
which is proportional to this pulse fength
and, thercfore, to the original modulation.

Ihe curve of output voltage vs. fre-
quency differs from that ol a conven-
tional discriminator or ratio detector. Ti
is shaped like a long Hlat S. and has no
negative slope within several hundred
kilocveles of center frequency.
cated in Fig. 4

The bandwith of the
curve 1s proportional to the bandwidth
of the quadrature circuit. Insertion of a
small resistor in the plate lead belween
the plate and the bypass condenser
affects the quadrature circuit in a nian-
ner which results in inereased bandwidth
as well as good audio output and im-
proved AM suppression,

The audio output which can be ob-
tained is largely a function of the plate
supply voltage. In the circuit shown,
with 170 volts supply voltage, 15 volts
RMS is normal output with about 2 per

appears

as o indi

discriminator

cent distortion for 23-ke. deviation. With
higher supply voltage and a smaller

March 1950 formerly FM,

audio power output even when the per-
centage modulation of the sound carrier
Is extremely low.

An adjustable resistor is placed in the
cathode of the 6BN6 for the purpose of
nulling the response to AM for low sig-
nal-input levels.  With correct adjust-
ment, the AM suppression compares
favorably with other FM delectors in
commercial use,

Not only has the beam 1ube
made possible this extremely simple and

gated

Fig. }. 6 BNG diseriminator output curve

cconomical Intercarrier system, but its
alignment also is simple.  The 4.5-mc.
amplifier transformer is tuned for maxi-
num signal at the lLimiter grid.  The
quadrature circuit is tuned for maximum
undistorted audio output, and the bias
conlrol in the cathode of the 6BNG is
adjusted for maximum AM rejection.
The circuit  deseribed
signed for use in
quality.  For reeeivers where cost is a
major factor. lhe L3-me. amplifier stage
can be omitted, the signal extracted from

de-
highesl

has been

receivers of

and FM Ramo-EnccrroNics

small segment of the synchronizing im-
pulse from the composite video signal in
a television receiver. A limit of aceept-
ahtlity television receivers areas
where signals are weak and impulse type
ol noise is abundant is the partial or total
disappearance of synchronizing impulses.
T'he inmipulse noise manages to bias one
tube or another sufliciently to pul the
synehronizing signals in the non-conduet-
ing region. The period during which the
signals disappear is a function ol the time
constant of the grid coupling element.

In Fig. 5\ a Llypical syuchronizing
signal separator is shown, using familiar
iube types. The systemn utilizes two
tubes. or four tube functions. The first
half-tube is used to clip roughly most of
the picture from the composite video for
reasons to be explained later, The grid
of this tube 1s driven with 12 volts peak-
to-peak of composite video. which has
had most of the impulse noise clipped in
a previous stage. This tube is biased
such a manner that most of the picture is
clipped off and the impulse noise does not
drive the grid positive. The second half-
tube is strictly an amplifier with somne
Jow frequency boost in its plate circuit.
T'he third half-tube is a sync clipper. The
grid of Lhis tube is coupled through a
small time-constant circuit. composed of
a 200-nunf. condenser and a 2.2-megohm
resistor.

T'he grid of this tube acts as a diode
plate, drawing grid current on the syne
siignal peaks and biasing the grid such
that the picture component of the signal
is beyvond grid cut-ofl.  The voltage
across the plate load of this tube is

(Concluded on page 30)
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WHAT’S NEW THIS MONTH

A VERY SIGNIFICANT STATEMENT OFFCC POLICY WITH RESPECT TO THE FUTURE

OF FM AND TV BROADCASTING —

Foiror's Nore:  Part 1 of Commissioner
Jones” uddress appeared in our February
issue. The conclusion follows. Only a
few brief comments on this address have
appeared in the press. However. as «a
detailed account of FCC thinking, it de-
serves careful reading and thorough study
by both broadcasters and manufacturers,
for it probubly indicates the direction of
future actions with respect to FM and
television broudcasting, and the plan of

allocating VHF and UHF television
frequencies.
LOPLE were suggesting that the

VHF frequencies were to be the clear
channels of television, and the UHF the
local channels. History was repealing
itself. What had happened in AM as a
result of non-regulation was happening
in television with regulation,

The stations are going again to where
the dollar 1s located. The iininediate
market for television receivers is in the
same congested areas — in the 140 melro-
politan areas. Marketing to areas not
densely populated is unprofitable. There-
fore, these areas don’t have television and
won’t have reliable television service for
a long time to come if the industry is
permitied to follow its present course.

Conditions in Smaller Cities:

Wihere does that leave the smaller cities
of the United States? Let’s go back lo
Lima in the twenties. Towns and people
change. Towns have come closer logether,
with  better transportation. Outside
papers from the big meltropolis invaded
the compact county seat. Pcople feel
the urge for the great melropolitan
papers to supplement — bear in mind T
said supplement — the local newspapers’
mformation. While it is true, as in many
communities its size, a fourth newspaper
was added in 1915 to the three I’ve men-
tioned, by 1920 two had merged, by
1924 two more had merged, and by 1933
there wis one remaining newspaper.

Up to this time I have not mentioned
radio in Limua.  As these papers were
merging, something new was added to

Lima. In 1922, a radio station was con-
structed. The hieensee was no slouch. He
had been a successful merchant. He saw

his piano and musical instrument market
dwindling before vour electronic device

Commissioner. Federal Communications Comi-
mission. Washington, D. €. An address hefore
the American Marketing Association. Hotel Com-
modore., New York. January 17. 1950
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that would bring music into the homes
of his markel area. He wasn’t going to
repeat the mislake of the carriage and
wagon manufacturers with the automo-
bile. In short. he wasn’t going 1o be
caugh! running a horse-collar factory in
an automobile world. His power was
100 watts, his range 50 miles (so the
license stated). In October, 1922. he
started to operate this little station a
few hours a week, weekday nights. with
composite cquipment of every make and
description, to broadeast the unsponsored
home-talent, bearing the expenses as in-
stitutitonal advertising.

But by Deceinber, 1925 he apparently
had had enough. Then for ten long vears
there was no radio station in Lima.

In July 1935 a new application was
filed for radio facilities. After a recita-
tion of the business concerns in Lima. the
applicant stalted: “Advertisers are com-
pelled to Jook to outside stalions located
at Fort Wavne. Indiana (65 miles dis-
lant by road). Davton, Ohio (72 miles
by road), Toledo, Ohio (89 miles by
road). For this rcason, both the general
public and ihe Lima merchants desiring
to use radio advertising are deprived of
the means of so doing.”

Let’s see what he said further: “Day-
time radio reception in Lima during the
lot summer months is very poor. Some
families pay a monthly fee to the local
telephone company in order to have radio
programs transmilied  over telephone
lines.”

The applicant got his 100
watts of power. Later it was sold and
power was increased to 250 watts. In
1917 two FM stations and in 1918 an-
other AM statlion were granted to Lima.

What was the effect of having but one
local station in Lima until 19482 True
enough, Lima heard ils local station and
gol one reliable network service.  But
for all the rest, the population in and
around Lima had to listen to radio serv-
ice of a sort from Pittsburgh. Cincinnati.
Fort Wayne, Dayton, and Toledo. That
service was first of all subject to all the
infirmities widely associated with recep-
tion of distant stations, and, second, the
programs radiated from these powerful
clear channel stations were certainly not
beamed with the interests of Lima in
mind. Where 1he problems and interests
in Lima coalesced with the national in-
terests and problems, Lima was satisfied.
But where Lima’s problems were differ-
ent or where the citizens of Lima wanted

station,

‘By THE HONORABLE ROBERT F. JONES*

an opportunily lo assert themselves, they
found that radio was completely inade-
quate. When all the newspapers were in
Lima, any one could gel his side of the
story told in al least one of the papers
Now. with but one local slalion on the
atr. the radio fazeilities in Lima were just
not capable of handling all the radio
needs of that city. Very fortunately in
this inslance the Commission was able
to assign additional channels to Lina,
both AM and FM. However, many other
cities have not been so fortunate because
of the exisling assignments of not only
clear channels but also regionals and
locals to the large metropolitan areas.
Many of the smaller cities still wait for
their first assignments.

The Radio Industry’s Record:

To what extent can the Commission rely,
then, upon the radio industry — the
broadcast licensees, the networks, and the
equipment manufacturers — to advise
the Commission in the fulfillment of its
statutory duty, to provide a fair and
equitable distribution of radio facilitics
to all the people and both small and large
communities of this country? Unfortu-
nately we must look at the record. This
is the same indusiry that built clear
channels in the congested arecas. It’s the
same set manufacturers who, by and
large, have refused to build FM sets
wilhout the AM combination, Tt’s the
same networks who have refused AN
sound to FM stations when it wouldn’t
cost themn a cent to get the FM coverage.
It’s the same industry that promised to
network high-fidelity FM service. It’s
the same industry that payvs for 5.000-
cycle lie lines with its affiliates, and when
it serves an FVM station across the land
with a network program, that affiliate is
Just broadcasting another standard signal
from s FM station. May T say that
15,000-cycle lines are available on de-
mand from the telephone company. and
there is no shoriage of such facilities ex-
cept in some very few areas, and even in
these areas 8,000-cvcle lines are avail-
able.

So who cares if people all over the
country bought expensive high fidelity
FN receivers to capiure this wonder
sound of aural broadecasting? Certainly
not the networks; certainly not the equip-
ment manufacturers. People in the serv-
1ce areas of some high fidelity 'M sta-
tions can’t even buy FM sets.

(Concluded on page 29)
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NEWS PICTURES

EARLY every mail brings informa-
tion on new services, machinery,
and instruments for the radio industry.
Typical examples are illustrated here.
Tor Row: A job-shop type of multiple
winding machine for low-cost production
of paper-insulated coils. Design features
quick setup and automatic stop when the
preset number of turns has been reached.
Speed range is 400 to 2,200 RPM, with
lead-screw accuracy of .003 in. This type
108 winder is manufactured by Universal
Winding Company, Providence, R. I.
11i-Par Company, Fitchburg, Mass., is
producing the home-type TV projection
receiver illustrated, a commercial unit for
public installations, and a conversion unit
which can be used with any receiver.
Picture 3 by 4 ft. is projected on a
beaded-surface screen.

The Bureau of Standards operates this
automatic recorder in its continuous
study of the ionosphere. Also, this data,
ccrrelated with other observations, is
used to give the advance warning of dis-
turbances affecting high-frequency radio
transmission. The report is transmitted
on WWYV at 19 and 49 minutes past each
hour.

CenTER: Here is a miniature VT volt-
meter with a large scale, produced by
Simpson Electric Company, Chicago, 44.

It has 5 voltage ranges on DC, 5 on AC,
and 3 on AF; 5 resistance ranges, 5 db
ranges from -20 to +63; center-zero gal-
vanometer; a 20-volt RF range fiat from

20 ke. to 100 me.; and 30,000-volt probe.
Borrom Row: General Radio has a new
1ype 1022-A FM standard signal genera-
tor for testing FM equipment in the
broadeast band. Range is 88 to 108 inc..
plus IF range of 10 to 11.5 me. The
modulation system is Ha! from 20 cycles

to 15 ke. Internal modulation at 60 and
100 cveles is provided, with a dewation
range of 0 to 200 ke. containing less
than 5% incidental AM. Output is con-
tinuously variable from .1 microvolt to 1
volt, at 50 ohms impedance.

Development and ultimate production
of UHF TV sets has prompted the de-
sign of a sweep frequency oscillator for
470 to 890 me. output, and a sweep
range of 0 to 30 me. Output level is
adjustable from 100 microvolts to 2 volts
at 50 ohms. This is a produet of Poly-
technic Research & Development Cor-
poration, 202 Tillary Street, Brooklyn.

The final illustration shows a Gen-
eral Radio 102%-A amplitude modulator
for use with the 1022-A FM signal gen-
erator or other types used for receiver
tests where AM is required, with negli-
gible FM. Tt modulates the signal gen-
erator output after attenuation. RF
range is 10 1o 150 mc. with a gain of .1,
and 10.1 to 11.8 mc. with a gain of 10.

Of course, these illustrations represent
only a few of the machines and instru-
ments being bought to meet the new re-
quirements of the radio industry. They
do serve, however, to show the depth of
support that is required behind each new
use of radio communications and the
utilization of higher frequencies, in de-
velopment. production, testing, operation.
and maintenance.




OU can take it on the authority of

an eminent Yale anthropologist:
government bureaucrats are here to stay.
Not only may we count on that, hut
family strains may soon be recognized in
our favorite bureaus and bureaucrats.
For according to Dr. Ralph Linton of
Yale, a succession of “hereditary burean-
crats” is gradually beginning to develop
in Washington, D. C_| which will find our
Government run, from generation to gen-
eralion. by the sons and daughters of
the parents who did the job before them.

Faster Processing Needed:

With such dire consequences up-coming,
it is refreshing 1o note that the FCC at
leasl proposes a look-see at its own
status quo. 1t has a staff management
counsellor analvzing its work load and
making recommendations on how to han-
dle it.  Unfortunately for the mobile
radio seclor, where applications process-
mg delays have mounted astonishingly,
the first departmental analysis is appar-
ently being made of the Conunission’s
conmon carrier activities.

Out of this eritical re-examination of
its work load and methods for handling
i, a substantial reorganization may he
expected.

Most probably, four Director positions
will be set up intermediate the Commis-
sion and its four principal stafl depart-
mental aclivities which are broadeast,
mobile radio, common carrier, and field
work. These four Directors would be
charged with seeing that the policies es-
tablished by the Commission were car-
ried out.

The importance to the mobile radio
services ol the re-examination under way
is perhaps hest indicaled by the addition
of 13,000 non-broadcast slations during
1950, as compared to a broadeasl growth
ol only 43 additional authorizations.

Without intruding upon the 1"CC
management counsellor’s sphere of ae-
tivily. 1t has alwavs scemed to lhis de-
partment that there is no good reason
why an application that is in perfect
order and requires a total of ten minutes
for review should take three months to be
granled.  This happens principally be-
cause a number of troublesome or de-

1707 H Street, N. W., Washington. D. C
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fective applications. requiring extended
correspondence or Conunission presenta-
tion, happen 1o be filed ahead of the
application that is filled out properly.
Probably 809% of the Commission’s
processing drag in the mobile relay sec-
tor could he eliminated by the simple
cxpedient of dividing the work dayv into
two equal parts: morning. for review and
grant of all applications properly filed;
aflernoon, for dealing with the defcctive
or questionable applications which were
laid aside in the morning

About three months of this procedure
should clean out 80% of the applica-
tions now hangiug fire. After that. the
present  three-month processing lag in
some services (four monlths in Industrial
Radio Service) should be reduced to two
or three weeks at most for an applea-
tion filed properly.

With the greal majority of applications
breezing through as thev should. time
now spent i dealing with the inquiries of
applicants and their Congressmen with
respeel to applicalions that should have
heen granted months ago could be de-
voted to the oune application in five that
requires extended consideration.  The
conservation of this lime now wasted
would inevitably result in faster process-
ing applications in both categories.

Lven supposing that the processing de-
lav on the difficult applications were
not reduced, this procedure would op-
crale to pul the pressure on applicants to
file their applications correctly.

ALl present there is little or no reward
for filing applications in proper form.
However, a few months of the suggested
procedure should produce a substantial
reduction in the number of defective or
mcomplete  applications, cnabling the
FCC’s stall to give more attention tfo
such really diffieult problems such as in-
creased frequency ulilization through in-
dividual exceptions to the presenl sys-
tem of nation-wide frequency allocuations.

National Frequency Resources:

Commissioner L. M. Webster followed
up his analyses ol taxi and petroleun: in-
dustry communications problems with a
sweeping review of the unsolved national
policy questions in the radio field. Speak-
ing before the New York Chapter of the

Armed Torces Communications Associa-
tion, he outlined the six major questions
facing the commntry in shaping national
policy with respeet to our frequency re-
sources, as follows:

1 Shall the government operate com
municalions systems for the purpose of
catrying their own communications?

2. Shall the military agencies operals
communications systems in peacetime
which can be expanded to meel their
needs in wartime?

3. Shall the military agencies look to the
commercial communications systems for
their basic communications needs in war-
time?

4. Can we find a method to finance VIT
(line of sight) throughout the American
hemisphere and in Europe so as to re-
lease 1he long-distance frequencies for
vital communications services?

5. Can we find & method to finance a
stratovision systems for relaying general
commucalions over the North Atlantic,
and relieve the sirain of existing high fre-
aqueney radio cireuits?

6. Shall we have competitive private
overseas communications systems or shall
we have a regulated monopoly?

Miscellaneous Notes:

In a unique action, the Commission has
authorized the Departinent of Ioresls
and Walers of the Commonwealth of
Pennsylvania to construct 62 fizxed sta-
tions Lo be used for determining water
levels throughout the Susquehanna River
basin in conneclion with flood forecast-
ing. The system, comprising a control
center al Harrishurg, 11 automatic relay
pontts, and 30 reporting units, will op-
crate on nine frequencics in the 170-me.
Governmenl band, with the concurrence
of the Interdepariment Radio Advisory
Committee.

The Diamond State Telephone Com
pany has been granted authorily to set
up « special direct-dispatching operation
at Wilmington. not connected with public
message telephone system. TFirst appli-
cation of its kind by a Bell Svstem oper-
ating company, the grant was protested
by Nutional Mobile Radio System, the
associationt of limiled common carriers.

The theatre television hearing, insti-
tuted by FCC, may affecl microwave as
signments ol land mobile radio serviees
if the FCC decides that this new service
requires and should have frequency allo-
calions In microwave bands.

Plans to use chaunels from 450 to 460
me.  for point-lo-point  service have
bogged down. This use was conlemplated
when the new rules went inlo effect last
July.  Equipment is available for deliv-
ery, and is much less expensive than that
for higher frequencies, but the Commis-
sion has nol seen fit to process applica-
tions.
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RADIO RELAYS VS. WIRE LINES

WHY THE USE OF RADIO RELAYS IS EXPANDING, METHODS OF MULTIPLEXING,
COMPARATIVE COST OF RELAYS AND WIRE LINES—‘By FREDERICK T. BUDELMAN*

N many countries outside the USA,

FM radio relays offer a practical
means for extending commnnieations cir-
cuits to communities and areas where
new wire circuits cannot be run because
of copper shorlages, lack of production,
mountainous or wooded lerrain, or high
costs. In our own country, although we
have a highly integrated wire and cable
svstem, radio relays offer an atiractive
olution to the physical and financial
problems of additional facililies, trans-
mission over geographical barriers, or
more economical or reliable circuits.

Relays Go Where Wires Can't:

The most obvious use for fixed radio
services is as a substitute for or extension
{o telephone lines. The use of radio
in providing economical public communi-
cation where it cannot be established by
wire facilities is steadily increasing all
over the world 1o an extent that is not
generally realized. Radio very often
can  bring outside communicalion to
whole communities where the cost of
erceting and mainlaining wire lines pro-
hibit their installation. Natural barriers
such as rivers. bavs, lakes, and swamps
can be easily spanned by radio.

Many other less obvious uses for fixed
radio circuits are very much in the public
interest.  Among these are poin!-to-point
circuits for oil and gas pipe lines and
public utilities to handle the multiplex
transmission of supervisory controls, load
controls, telemetering. and voice, tele-
type and facsimile services. Another in-
teresting example is the 150-me. relay
svstem recently installed over the entire
length of the island of Cuba, about 750
miles, to handle the network operation
of a series of broadecast stations.

Modulation Methods:

Two different forms of radio communica-
tion can be used for point-to-point and
relay svstems. These are [requency or
phase inodulation, and pulse modulation.
The former can be applied successfully at
{requency, but the
usually be used at microwave frequencies
bhecause of its wide bandwidth require-
ments.

Although the VHF and lower THT fre.
quencics are quite crowded in the United
States, and frequency assignments for
fixed and relay systems difficult to ob-
tain, the same situation does nol exist in

any latter musl

Vice President and Chief kEngineer. Link Radio
Corporation, 125 W. 17th Street, New York 11.

most other countries. In most applica-
lions, the use of VHE or the lower UK
frequencies permits large savings in in-
illal cost and maintenance as compared
lo microwaves.

Any of the various forms of pulse
modulation, on the other hand, i1s com-
paratively wasteful of radio frequency
spectrum, and must be confined to higher
frequencies where broadhand operation is
permissible al present.  Past history has
shown that, as the higher frequencies are
utilized more and more, there will be
heavy pressure to inake more economical
utilization of the radio frequeney spec-

bining several channels of intelligence on
a single transmission circuit. The process
in either case is called multiplexing, but
the methods used fall into the two gen-
eral classes of lime-division and fre-
quency-division multiplexing.

In the former, the various signals to
be transmitted are sent sequentially, so
that only one of the channels uses the
transmission medium at a time. In or-
der to get the illusion of conlinuous sig-
nals on all channels, however, each
signal is chopped up into small segments
and then the small saiples of each chan-
nel are combined in a prearranged se-

trum than is accomplished with pulse quence. In this way, samples of each
[ APPRC‘;IMAT?@ST jER CHANTEL—MILE OF BASIC DUPLEX COMMUNICATION SYSTEM (BELOW 450 MC.)
| [ Number lLength| NUMBER OF AUDIO CHANNELS|
and Type of | i 1 I
of Stations System| | | 2 3 4 5 | 6 7 |
Between | $3730 | 7100 | 8460 9880 | 11200 | 12560 | 13980 | System cost
2 terminals | § 83| 158 188 220 249 | 279, 31l | Per mile
only miles § g3 79 63 55 50 47 44| Per channel-mile
2 terminals g0 | $7460 12625 13985 15405 16725 18085 | 19506  System cost
. 83| 14l | 456 i72| 185 200 [ 217 Per mile B
| repeater | miles ~¢ g3 7| 52 43 37 34| 31 Per channel-mile|
2 terminals | 135 $11190 18150 19510 22930 22250 23610 | 25030 | System cost
. 8 135 145 55  [65 175 186 Per mile
2 repeaters miles ¢~ g3 g3 uyg 39 33 29 27 Per chamel-mile
|12 terminals 180 $20305 23675 25035 26455 27775 29135 | 30555 | System cost
[ . [ 132 139 147 185 | 162 | (70 Permile
3 repeaters miles g 13 66 46 37 3l 27 24 Per chamel-mile
termi $25830 29200 30560 | 31980 33300 34660 36080 | System cost
‘ 2 terminals | 225 (15 130 136! 142 48| 154  [6l Per mile
4 repeaters miles ¢ g 65 45 36 30 26 23 | Per chamel-mile
‘ i $31355 | 34725 | 36085 | 37505 38825 | 4085 41605 | System cost ‘
|2 terminals | 270 BERYE TH99 T isw 138 w4 | 149 IS4 Per mile
§ repeaters miles|¢— |jg 1 g5 45| 35 29| 25 22 | Per channel-mile

Fig. 1. Cost of point-to-point radio systems is appreciably less than wire lines

modulation, and pulse modulation will be
forced to still higher frequencies in a con.
Linuing evolution.

Finully. exhaustive comparisons show
that subcarriers on  a
phase-modulated RF channel provides
the best performance factors of any of
the presently available sysiems of multi-
plexing, even considering bandwidths up
to 10 mic. These factors indicate that
belter signal-to-noise ralios can be ob-
tained with less power and less band-
width than from other methods.

single-sideband

Multiplexing Methods:

Tt is particularly fortunate that the use
of single-sideband
prove so advantageous. because that type
of channeling equipment has been used
for many years as the standard method
of providing multiple circuits over tele-
phone lines and cables.

There are 1wo basic methods of com-

subcarriers  should

March 1950——formerly FM, and FM Rapvo-Errcrroxies

channel occupy the entire transmission
medium one at a time. The sampling
procedure must be fast enough so that
at least three samples are taken of each
wave at the highest audio frequency
transimitted. Under this condition. the
original wave can be reconstructed at the
recciving end of the systemy with reason-
able accuracy. The samples of each
channel can be transmilted by phase. fre-
queney, or amplitude modulation. bul
most sysiems utilize soine form of pulse
transimission at microwave frequencies. A
radio-frequeney carrier is turned on and
off in short bursts of energy called pulses.
and the intelligence is transmitted by
varying in some manner the pulse rate,
width, time-position. or amplitude.

The sccond basie method of multiplex-
ing is frequency-division. In this method,
all the channels are transmitted contin-
nously and simultaneously, but each i

(Continued on page 27)
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LOW-COST MOBILE FLEET CONTROL

SIMPLE CONTROL UNITS LIMIT CAR RECEPTION TO MESSAGES FROM ITS OWN
TRANSMITTER, OR IMPROVE RELAY RELIABILITY. PART 1—"By JACK KULANSKY*

ITH the increased use of radio

telephone communication, the op-
erational need of limiling reception to the
associated transmitlter or transmitlers is
becoming more urgent. When the number
of systems in the TTSA assigned to a par-
ticular frequeney was small, skip-distance
reception was more of a novelly than an
annoyance.  Today, however. operators
are not only confronted with skip recep-
tion of nuisance proportions but, in many
areas, the added confusion of hearing
messages {rom other local transmitters
on the same channel.

Two methods of eliminating this source
of operational difficulty are now avail-
able. The firsl is selective calling, where-
by all speakers in a mobile system arc
muted, excepl when a car recciver picks
up its particular code number signal.
Then the speaker is lurned on for the
duration of the message. The second
syvstenn is {leet-control, whereby all speak.
ers are muted except when the car receiv-
ers pick up a parlicular audio frequency
note. Then the speakers in every car in
the fleet are turned on for the duration
of the message.

The use of fleet-control units can be
applied to the actuation of point-to-poin!
and relay systems. also. and to talk-back
operation so that the operator at a head-
quarters station hiears only his own cars.

co_c
2900
FTC-1
|
o
e
2 3000 "\
N FTIC-1 |
[ ‘
e T Co. C
co A 2900 v
3000 "\ FRC-1
! co.8
| FRC- 2950 "
FRC-1

Fig. 1. Three systems on same [requency

It can even be expanded to use with
groups of cars, as in the case of a policc
system serving {wo ov more adjacent
towns,

It is the purpose of this paper to ex-
plain the applications of the fleet control
system developed by the Hammarlund
Manufacturing Company, and the opera-
tion of the control units.

*Mobile Systems Engineer, Hammarlund Manu
facturing Company. Tnc., 460 West 34th Street
New York City.
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Basic Mcthod of Operation:

The {lect-control system employs very
simple unitswhich can be connected read-
ily to radio telephone transmitters and
reccivers of any tvpe. Simply stated,
the transmitter unit develops an audio-
frequency tone which is ransmitted for
200 milliscconds each time the press-to-
talk button on the microphone is actu-
ated. Thus, the shouvl tone-signal auto-
matically precedes each message.

At each associaled receiver, the loud-
speaker is muled. However, if the re-
ceiver picks up a tone signal from an
associated transmitler, 'he receiver con-
trol unit turns on the speaker and holds
1L for the duration of lhe message.

The 1dea of using such a control is so
simple as to be obvious. The develop-
ment of the units into commercial designs
involved the perfection of cireuits that
would assure positive lock-and-key [unc-
tions, operating dependably upon trans-
mission of the actualing signal, and
rejecting all impulses and random noise
picked up by the receiver. Such equip-
ment has been produced. put through
exhaustive field fests, and is now in com-
mercial use for several clifferent tvpes of
communication syslems. Typical exam-
pies of these are described in this paper.

Shared-Channel Operation:

[n order to attain maximum use of the
frequencies available for communieations,
the FCC has found it necessary to assign
one channel to two or more nsers in many
areas. This is partienlarly true of the
taxi service. IKach driver, then. hears
every call, and must listen earefully to
distinguish between the ealls from his
own transmitter. and all the calls made
by the other transmitters. Snch a situa-
tion is illustrated in Fig. 1.

Resulting confusion is liresome, annoy-
ing, and distracting. Tt often causes driv-
ers lo miss their own ecalls. During busy
hours, efficiency drops sharply, since the
calls are speeded wp to 15 to 20 per
minute!

Other services, on lower [requencies.
may not have as much traffic. but they
may have serious skip-reception trouble
from the dislant stations on the same
lrequency.

By the use of fleet control units. recep-
tion at any receiver of signals other than
from the associated transmitter can be
climinated. Tig. 1 shows the operating
plan for three independent systems using

the same frequency in one area. This is
not an uncommon situation.

Each transmitter has an FTC-1 control
unit, sel respectively at 2,900, 2,950. and
3.000 cycles. All Company A’s cars have
FRC-1 reeeiver conlrols, set at 3.000 cy-
cles. Controls in Company B’s cars op-
erate at 2,950 cycles, and Company C’s,
at 2,900 cycles.

When the operalor at transmiiter A
has a call lo put ou!, he presses the push-
to-talk button in the usual manner, bu!
even before he can starl to speak, the
control 1mit aulomatically sends out
a 8,000-cycle tone for just 200 milli-
seconds.

Normally, all the speakers in the cars
operated by the three companies are
muted. When transmitter A goes on the
air, however, the speakers in all Com-
pany A cars are turned on by 1he receiver
control units. The message is not heard
by Company B and C cars. The same
degrec of privacy is afforded to messages
from the B and C transmitter to their
cars.

Similar protection for headquarters re-
ceivers can be obtained by adding FRC-2
units to the receivers, and FTC-1 control
units to the mobile transmitters. Then
the dispatcher will hear only his own
cars. When thisis done, a different audio
frequencey is used for the mobile control
units in each system. Otherwise. trans-
mission {rom one car would turn on the
speakers in all cars operated by the same
company.

Multiple Service Operation:

A variation of the method just described
is ideally suited to use at a single trans-
nitter whicl serves two or more groups
of cars. For example, several small fleets
of taxieabs might join in the use of one
muain station, Or, as 1s the case in many
areas now, one transmitter may serve the
police and fire departments, the county
sheriff’s office, and the city hospital,
In other localities, several adjacent towns
may join in Lhe use of one headquarters
station. This practice is encouraged by
the FCC, and is provided for in the
Rules, in order to attain maximum chan-
nel utihization.

The drawback to such a plan is thal
messages infended for one group of cars
are heard by all the other cars. Taxi
fleet owners object to this. naturally
Many police departments operate indi-
vidual transmitters mno! because their
trafic warrants it, but because the chiels

FA-TV, the Jourxar of Rapio Commuxicarioxs



do not want their messages to be picked
up by other cars.

These objections can be overcome by a
modification of the setup illustrated in
Fig. 1. By using three FTC-1 control
units, sct to different audio frequencies,
at one transmitler, the dispatcher can
turn on the speakers of any particular
group of cars.

Tor example, cars in group A would
have receiver control units adjusted to
3,000 cycles, in group B cars, 2,950 cycles,
and in group C, 2.900 cycles. Addilional
frequencies can be used for a larger num-
ber of groups.

The actual method of dispatching is
very simple. The operator has a control
box with as many buttons as there are
groups of cars. If he wants to call the
cars in group C, he presses button C, and
transmits his message in the usual man-
ner. Button C remains depressed, keep-
img control unit C connected to the trans-
mitter and ready for use. Later, if he
wants to reach group A cars, he presses
button A, which automatically releases
button C.

Fully Automatic Control:

It will be seen from the foregoing that
the advantages of fleel-control operation
are obtained without modifying or com-
plicating the established dispatching pro-
cedure. The operation is fully automatie,
and no time is lost in handling messages.
Even when traffic is heavy, the operator
is not conscious of the 200-millisecond in-
lerval during which the actuating signal
is transmitted,

In the multiple-service system just
described, it is only necessary for the
operator to push the group-selectior but-
ton once. It is not touched again until
he is ready to give a message to a dif-
ferent group of cars.

Relay System Operation:

Quite a different way of using the same
control units is shown in Fig. 2. This
is a relay system for operation with ve-
hicles traveling on a highway, or service
cars patrolling an oil or gas pipe line. It
is designed to receive messages from any
car, pass them along the microwave relay
in both directions, and to transmit them
to all other cars in the system, no matter
how far away.

Tnstallations of this sorl are now in use,
but their operation is seriously impaired
because the relay links can be turned on
as readily by noise, random impulses and
skip-distance reception as by the associa-
ted mobile units. Thus, any interference
picked up at any point is repeated
throughout the system. Ixperience has
shown his to be a serious disadvantage,
for the whole installation may be tied up
for long periods. Volume conirols are
turned down, and calls may be missed.

The method of operation with the
FTC-1 transmitler conirol and FRC-1
receiver controls is as follows:

Eacli mobile unit operating, for ex-
ample, on 158.16-mc. has a transniitter
conlrol unit sel at 3,000 cycles. There
is a 158.46-mec. recciver, wilh a control
unit adjusted to 8,000 cycles, at each
relay point. Also, cach relay has a VHF
link to a 158.05-me. transmilter so loca-
ted as to cover one scction of the area
traveled by the cars.

When any mobile transmitter goes on
the air, the initial 3.000-cycle pulse is

pealer transmillers, so that the message
from the initiating car is heard at every
other car. As soon as the message is coni-
pleted, and the carrier of the car trans-
mitter goes off the air, the entire system
is released.

Noise or transwmissions from any other
system have no effect, however. for the
relays can be put in operation only by
the initial 3,000-cycle tone.

Modifications of the three basic plans
described can be worked out to meet any
number of special operational require-
ments.

| ]
TRANS. A TRANS. B
153.05 MC. 153.05 MC.
b4

oy FTC-1
3000

Fig. 2. Relay system is actuated only by 3,000-cycle pulse [rom car transmitter

picked up by the receiver at the nearest
relay. This switches on the relay traus-
mitters m both directions, and they, in
turn, switch on the succeeding relays over
the length of the system.

The link transmitters turn on lhe re-

Editor's Note: Concluding Part 2, to
be published in a forthcoming issue, will
describe the iransinitter and receiver con-
trol wnits in detail, and explain the
method of connecting them to any trans-
mitter and receiver now in use.

BUREAU OF STANDARDS’
NEW PROPAGATION LAB

PPROVAL has been given for the

devclopment of a site at Boulder,
Colorado, for additional Bureau of Stand-
ards laboratory facilities. The sile, to be
used by the Bureau’s Cenlral Radio Pro-
pagation Laboratory, consists of about
210 acres, directly south of the city and
close to the campus of the University of
Colorado.

The National Bureau of Standards ex-
pects to erect laboratory facilities at
Boulder for research in radio propagation,
at a cost of about $4,500,000. It is ex-
pected that actual construction work on
the radio laboratory will begin at Boulder
during the summer of 1951. A research
staft of aboul 300 will be employed.
Most will be transferred from the stafl in
Washington.

In addition to its normal research
duties. the laboratory renders many ad-
visory and consulting services to other
agencies of the Government.

The Bureau’s radio work is carried on
in three distinct categories: The iono-
spheric research laboratory, the systems

Marel, 1950—formerly FM. and FM Ravio-Evrcrroxics

research laboratory, and the
ment standards laboratory.

The iouospheric research laboratory
performs basic research on the nature of
the upper atmosphere and its ability lo
reflect radio waves. It maintains a net-
work of 14 field stalions extending over
the American continents and throughout
the Pacific area.

The systems research laboratory ap-
plies radio propagation information to
the practical problems of communication,
and publishes a series of monthly charts
predicting the best frequencies for long-
distance radio communication throughout
the world. It also conducts research on
propagation in the VHF and UHF bands,
to help determine the most efficient allo-
cation of frequencies to FM, television,
and other services.

The measurement standards laboratory
is largely concerned with improving the
methods and standards of measurement
at radio frequencies. Advances in recent
vears have carried this work lo higher
and higher frequencies. and have opened
up whole new fields of study. The new
laboratory will permit even more com-
prehensive studies,

nmeasure-
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Fig. 3. Complete schematic of the A-710 FM-AM tuner,

Featured are genuine 12-microvolt sensitivity. low cost.

and insignificant

THE AEI FM-AM TUNER

DESIGN DATA ON A NEW TUNER USING THE LIMITER-DISCRIMINATOR CIRCUIT
FOR FM, AND A SIMPLE METHOD OF FM-AM SWITCHING—‘By FRED E. BEHRLEY*

OST comments on ¥M broadcast
reception which appear in the press
reflect local conditions rather than
national trend and, as is always the case
with any controversial subjeets, the
critics make the loudest noise. In a few
areas, 1t 1s cerlainly true that FM sta-
lions are providing very poor service, in-
deed, but in others the service i1s so out-
standingly good that listener preference
has turned sharply toward TM, and there
12 ((mlnu‘x\ng shortage of sets.
Among the radio manufactuvers, enthu-
siasm {or FM is almost divectly propor-
tional to the performance of their re-
ceivers. If they use sensitive cirenits and
full noise-limiting. their sales are climb-
ing sharply and they believe that, be-
cause FM overcomes the deficiencies of
AM so successfully. it is on its way to
replace AM broadcasting. But the manu-
facturer of sels capable of only indif-
ferent FM  veception, and  from only
nearby stations, is certain thal FM i a
failure. and he is sure of it beeanse his
sets don’t sell!

the

FM Is VHF. Too:

It doesn’t seemt as if it should be
essary to remind members of the radio
industry that FM is just as much a VHF
as television, and that its chav-

nec-

service

*Chief Engincer, Approved lilectronics Instrunment
Corporation, 142 Liberty Street, New VYork
N. Y
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acteristic requirements for antenna pick-
up are identical. Of course, built-in or
in-door antennas are adequale to operale
TV receivers 1t they arve in the immediate
vieinity of transmitters. Such antennas
give local receplion from KM stations,
too. At our laboralory, located in the
heart New York City, can get
beautiful reception of nearby FM sta-
tions on the model A-710 tuner, described
in this paper, aching a verlical
copper rod about 28 ins. long to one an-
tenna terminal. Qur section of the City
1s noted for heavy man-made slalic on
AN but nearby FAM stations come in on
that miniature antenna without a trace
ol background noise.

True, a well-designed 1PN set will give
noise-free reception with much weaker
signals than are necessary to eliminate
snow from television nnages. Thus, per-
fect TM reception can be oblained with
a simple outdoor antenna over a much
distance than perfect TV recep-
an elahorate expensive

of we

by att

greater
with and

array.

tion

Receiver Performance:

There has been a tendeney to over-state

the sensitivity of the good receiver de-
signs. There is a practical limit to which

Loleranee can be maintained in the pro-
duction of moderately-priced tuning cir-
cuits. Cost goes up very rapidly as sen-
sitivity is maintained beyvond a figure in

FM-TV,

the

the neighborhood of 10 microvolts. Even
then, slatements relabive to sensitivity
must simultaneously carry figures on sig-
nal-to-noise ratio. full quieting, and audio
outpul across a given load. It is even
possible that measurements made below
5 microvolts will vary appreciably ac
cording to the make of signal generator
used. Thus, it may be said that the final
test of FM reccivers is a direct compari-
son of performance on the same antenna.

The AET model \-710 receiver, shown
in the accompanying illustration. is held
in production to the following specifica-
tions: sensitivily, 15 microvolls at 106
me., and 12 microvolts at 90 me.; signal
to noise ralio 12 to 1; oulput, 1 voll
across 100,000 ohms; with full quieting
sensitivity of 20 to 30 microvolts across
the FM band. These are realistic ratings.
offered for the information of those who
are interesled in such figures.  They
apply not merely to final factory tests.
but to actual performance in day-to-day
operation, without the necessity of using
selected tubes. Details of the A-710 cir-
cnit design. and the method of switeching
from FM to AM receplion are as follows:

FM Front End:

Figs. 1 and 2 show the top and botlom
arrangement of the chassis, with the com-
plete cireuit in Fig. 3. Tuning is accom-
plished by a G-seelion capacitor, thus pro-

viding FM and AM control in a single

Jorrxar of Rapio CoMmu~icaTIONS
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drift.

Same audio stuge is used for FM & AM

unit. However, coinpletely separate RF,
oscillator, and IT circuits are employed.

The front-end FM tubes and coils arve
located at the left of the tuning capacitor.
A GAG5 is used as an RF amplifier.
capacitively coupled to a 6BE6 mixer.
with a scparate 6J6 oscillator.

All three FM scclions of the tuning
capacitor are shunted with temperature-
compensaled trimmers 10 mninimize nitial
drift. It has been the writer’s experience
that no I°M broadeast receiver meels the
claim of “absolute freedom from drift.”
With all the compensating devices. there
1> still enough nitial drift to invalidate
such claims. The important point about
drift is that 1t must cease after a short

warm-up period. That has been aceom-
phished in the A-7T10 to the extent that
it the set is used in the evening and is
turned off, it will be exactly at resonance
with the same station next morning, after
it has been turned on for five minutes,
assuming that the ambient temperature
15 approximately the same.  However,
after the set has warmed up, a center-
zero DC vacuum-tube voltmeter across
the diseriminator shows complete  fre-
quency stability. That is what counts.

FM IF Amplifier:

Two 6AUG tubes are used as IF ampli-
fiers. The double-tuned. low drift minia-
ture transformers are of the K type,
operating at 10.7 me., with a bandwidth
of 200 ke, Silver ccramic condensers
and Allen-Bradley resistors are employed
in these cireuits.

A limiter-discrimmator
chosen in preference to a ratio detector
for betier all-round performanee. Type
6AUG tubes are used for the cascade
limiter. feeding a GALS5 discriminator.
No AVC is required.

FM-AM Switching:

circuit  was

The simplest method possible 1s used to
switch from FM to AM. No signal cir-
cuils arve switched. Instead. a two-posi-
tion. Iwo-pole switelr conneels the B
supply to the M or AM section of the
timer.  So Dittle curvent is drawn by the
filaments that they are left on all the
time the set is in use. This has the ad-
vanlage ol keeping the FA tubes warm
and ready during AN receplion.

The AM Section:

AN AN components are located at the
right of the luning ecapacitor,

The cir-

cuil is conventional, using a high-gain
61BA6 RF stage with a 6BE6 mixer-oscil-
lator followed by a 6BA6 IF amp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>