CONSOLE

The hnest Stadio-ly pe tape recordes

I'\PE RECORDER sSR-950
1y “]ll’i
contiol,

Operation by pash button

Ihree motors, three heads
Other features: S0:15.0680 eps friq
respes Signal to noise ratio mor
than 52 db at 1'2%¢ disortion: Ca
pavcity 1 hour at 157 /<ec 2 hours
710" sl Cabinet designed fon
quick mamtenance

you name it...PH Sm

The variety of PRESTO ¢quipment is one
reason engineers all over the nation look
to PrEsTO for the solution to eeery record-
ing problem. Pioneer in sound recording.
rresto excels in the production of preei-
sion tape recorders. power. peak limiting
and recording amplifiers and flawless
recording dises. For the greatest selection
of the greatest cquipment. . PRESTO is a

name to remember.

POWER AMPLIFIER 89-A
Iigh fidelitv, 25-wait power unit {or
vecording  or monitorme. Al stages
pushepull, BPesigned for vertical rack
mounting, ciccnit= completels
ible, Meter and selector switeh indicate
autput level at 1000 ¢p= and tube cor-
rent readings,

OO~
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PORTABLE DIisCC RECORDER
6-N

Equipped with Presto 1D cutting

hiead, Heavy tnrmable base for 1

duced vibration — Locking  <pecd
<hift lever for 78330 rpm. rim
drive, 174" capacits. ldeal for

ceonomical hroad

151 station u=e,

PORTABLE

RECORDING AMPLIFIER
90-8

Performance equal to best stindio
cquipment, though portahle, Fla e
ponse 30-15.000 cp< modified In
variable equalizers<): three pre
unplifiers. master gain and record
ma amplifier

PRESTO
PORTABLE 'TAPE RECORDER
1"F-900
Engineers everywhere are excited
O ' about Presto’s new portable tape
has It recorder. PPacks casily into two
L]

portable eases, but sets np into a
complete broadeastquality machine.
Three heads. .. erase, record and
reproduce. Separate recording and
monitoring amplifices. Speeds: 157
see and 7157 /see. Hluminated V.U,
meter. Three mike inpat. These
iuportant features plus Presto pre-
cision workmanship make rhis the
best bay anywhere in portable tape
cquipment.

5570

RECORCING CORPORATION

Paramus. New Jersey

Mailing Address: Box 300, Hackensack. N. J.
In Canada: Overseas:
Walter P Dawns, fod, AL Simaa- Cowpany, Tne,
Dominiun Seprare Bldy, 25 Warren Street
Mantival, Qe New York, V. Y.

TRANSCRIPTION
TURNTABLE o1-A
Operates fur bong periods of time
with no maintenanes or adjustments,
Direct gear drive at 76 & 331 < rpm.
dual motors. Full speed  reached
within '§ revolution. Low mechan-
ical disturhance, maximum <peed

Jecuraey,

PEAK LIMITING AMPLIFIER 11.\

Lliminates overcutting and dictortion
due to over-modulation. Also acts as
hine amplifier. 60 db gain compensates
for line losse<. Allows inerease of 3 dbh
program level, Chassis designed {or
vertical mounting, Meter and selector
~witch ndicate amount of limiting
amd tube currents.




For Vital Control Circuits
in Curtiss Electric Propellers

s BENDIX-SCINTILLA

ELECTRICAL CONNECTORS

Unfailing dependability is the standard set by
Curtiss propellers and American Air Lines in their
selection of equipment.

Bendix-Scintilla is therefore the logical choice
for the electrical connectors in the Curtiss Electric
propellers on American Flagships.

CHECK THESE ADVANTAGES

In fact, wherever circuits must be arranged to con-
nect and disconnect with ease and certainty
Bendix-Scintilla is the choice.

® Moisture-proof
® Radio Quiet

® Single-piece Inserts

Remember whenever there is no compromise with
quality —it pays to specify Bendix-Scintilla electri-
® Lightweight cal connectors—the fizest money can buy.

® Vibration-proof

® High Insulation Resistance

® Easy Assembly and Write our Sales Department for detailed information.
Disassembly

® Fewer Parts than any other BENDIX
Connector ( SCINTILLA

® No additional solder required

2 FM-TV, the Jour~narL of Rapio Coaarexicarions
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HAMMARLUND - HAMMARTUND HAMMARTUND HAMMARLUND

N

SELECTIVE GROUP CALLING

Private channel group calling
can be added to your system,
giving the advantages of selee-
tive calling privacy on a group
basis at very low cost. Only
Hammariund Selective Group
Calling provides all these ad-
vantages:

G
MAR

FONN TS VIWWVH GNT

MMARIUND-HAMMARTUNG. HAMY

1. Makes a shared channel a
private channel.

2. Instantancons, automatie
in operation.

3. Speaker is silent nntil
your group is called.

4. Not subject to false calls

due to voice, noise or
skip.

3. Low first cost, low up-
keep.

6. Rednees battery drain.
7. Easily installed by any
8

servi¢ee man.

. Requires no modification
of your present equip-
ment.

9. Can be used (0o mute dis-
patcher’'s receiver until
he is called by one of his
cars.

INO TS VWY H- ONN T EVWWYH ONN TEVIWWYH ONNTEVWIWVH GNN I8V WW Y
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IMARLUND - HAMMARLUND-HAMMARLUND-HAMMARLUND

Rugged and dependable, the
Hammarlund Selective Calling
System solves your shared-
channel problems, climinates
annoying and distracting loud-
speaker chatter and noise. Skip
interference bhecomes a thing
of the past.

AMMARLUND.-H

A
INM TSV WWYH NI

3
D-H,

N TEYWWYH

AMMARLUND.}

Write for deseriptive literature
and queotation. Describe your
system. and outline your prohb-
lems. Address inquiries to:

ND-HZ

HAMMARLUI
NV YR

< -]

HAMMARLU!

HAMMARLUND

THE HAMMARLUND MFG. CO. INC.

ND-HAMMARLUND HAMMARTUND HAMMARLUND HAMMARLUND

460 WEST 34TH STREET, NEW YORK 1, N. Y.
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Question:

what is the

extra value of the Zenith Franchise to

a progressive merchant?

Answer:

offer the great features and the great

it enables you to

values first in your community!

Yes, this extra value makes the Zenith fran-
chise one of THE BIGGEST STORE TRAFFIC
BUILDERS IN THE BUSINESS . . . the most tm-
portant single asset a progressive merchant
can have!

Because—no matter what the size of the
store—the more people who can be attracted
to see the GREAT NEW DEVELOPMENTS FIRST,
the more business the store will do. Notonly
in radio and television sales, but in erery
type of merchandise handled.

LOOK AT THE RECORD OF ZENITH
“FOREMOST FIRSTS"!

Add to this the other time-tested advantages
of the Zenith franchise: TOP QUALITY OF
PRODUCT; TOP CUSTOMER ACCEPTANCE AND
SATISFACTION: CONSISTENT NATIONAL AD-
VERTISING SUPPORT; DEPENDABLE PROFITS,
YEAR IN AND YEAR OUT. No wonder that so
many of America’s leading retail merchants
regard Zenith as their most valuable fran-
chise in television and radio!

ook AT THE recorp:! ' Zenith Foremost Firsts”

in Radio

First All-Metal Chassis  Zenith was first with a genu-
ine all-metal chassis and today still leads the indus-
try in this important engineering feature.

First Single Knob Tuning ¢ It took a lot of fussing with
a lot of knobs to tune a radio until Zenith gave
America single knob tuning.

First Super-Efficient Built-ln AM ond FM Amtennas e
Zenith antenna developments include the tamous
Wavemagnet* . . . the detachable Wavemagnet . ..
and the built-in Light-Line FM antenna.

First and Only Record Reproduction with Cobro* Tone
Arm o No other tone arm reproduces tones as the
Cobra does! It plays records of all speeds, all types
of grooves, with a single long-life stylus.

First Super-Sensitive FM o Zenith is first with this
revolutionary FM reception, actually 10 times more
sensitive than the average of 16 other FM makes.
Provides reception where many others fail.

Because of these ""Foremost First” Features, and
the Quality Built Into Every Zenith, the Profits
You Make on Zenith Sales are PROFITS YOU
CAN KEEP. They Aren’'t Dissipated in Excessive
Service, Pacifying Dissatisfied Customers, etc.

in Television

First with the Giant Circle Screen o Zenith was firsf to
offer the Jargest possible picture in relation to tube
size. Now with Picture Control for a choice of cir-
cular or rectangular type picture!

First in Tuning Eose o Zenith's famous Turret Tuner
with one knob automatic tuning has been a feature
of every Zenith Television receiver. No more
fiddling with many knobs!

First with Built-In Provisions for Receiving Ultro-High
Frequencies » The Zenith lurret Tuner was first
with built-in provision for receiving the proposed
ultra-high frequencies on present standards with-
out a converter.

First with the ‘"Block Magic” Bloxide Picture Tube o
Zenith was first to give you startling new life-like
picture quality without annoying glare or blur,
even in normally lighted rooms! Medicai authori-
ties recommend this way to view television!

*Reg, U.S. Pat, OfF,

o osucs RADIO
and TELEVISION

FM-TTV, the Jour~ar of Ranio CommuNicarions




HIS month, we start to show AM,

TV, and FM set production for 1950
against the background of the three pre-
ceding years, Supplementing the monthly
blocks are dotted lines which show the
monthly averages for each year.  The
latter deserve careful study for, ohserved
against the month-to-month record, they
indicate the future trends.

In all three categories, January produe
tion exceeded December.  This might
have been expected of FM and TV, but
AM volume, surprisingly, exceeded Jan-
uary ‘19, llowever, the RM.A data on
sets produced last year indicates that the
bottom has pretty well dropped out of
the AM market.

This is indicated by the fact that
1025488 AM table models. or 39 ¢ of
the AM table models produced, were
billed at less than $12.50. Even more
striking are the figures on AM and M-
AM consoles and phono combinations:

AM O FM-AM
CONSOLES oo, 4286 13,271
COMBINATION CONSOLES 84,722 869,270

TOTAL s 89,008 382,541

Adding up all home-type AM sets, in-
cluding 55,003 battery models, the total
is the astonishingly low figure of 2,924 .-

t31.  This did not equal the 3,466,910
portable and auto sets, which amounted
to 1,175,056 and 2.291 884, respectively.
In other words, only 46 per cent of all
AM sets were for home use!

I, ax the National Television Dealers
Association claims, manufacturers have
been foreing AM sets by tie-in sales, it is
probably in anticipation of reduced pro-
duction this year,

TV models followed a familiar pattern:

TABLE MODELS ..o, 1,442,494

CONSOLES ...oovvivnnriinrnreenianans 795.982

PHONO MODFLS o, 175,421

TOTAL i 2,413,897

In other words, TV sets nearly equalled
the number of home-type AM receivers.
About 500,000 TV sets were equipped for
I'M tuning.

Picture-tube shipments to set manufac-
turers in January totaled 436,252, valued
al $11,454,186, up slightly over Decem-
ber. It is most significant to observe
that more tban 90 per cent of these tubes
were of sizes 12 ins. and larger, and 39
per cent were 14 ins. and larger.

Receiver tubes were slightly below De-
cember, with 17649387 for new sets,
$.897.903 replacements. 628,726 exported,
and 96,008 for Government agencies.

q MONTHLY AVLRAGES 8
- AM Fi FM-TV <
1947: 1,361,900 14890 98,000 3
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Are you

&~ planning to
establish your
remote pick-up

in the NEW
F.C.C. approved

450-460 mc. band?
.L)Mé has now designed and put

into production, in this new band, a
mobile remote broadcast transmitter
and a sensitive and selective receiver.

[M U.H.F. Mobile Transmitter

Type 25 MRB. Power output 25 Watts
F.M. crystal controlled with =+ 45 kc.
modulation swing with broadcast
fidelity. For operation from either 12
V. D.C. or 110 V. A.C. power supply.

[M U.H.F. Fixed station Receiver
Type 2340. F.M. crystal controlled
single frequency superheterodyne.
For operation from 110 V. A.C. power
supply. This unit has been designed
for mounting in standard 19" racks.

.ﬂmé is famous for easy to install,
dependable equipment. These units
are no exception and merit careful
consideration when purchasing a
remote pick-up system.

Design Leader
in F.M. Communications
Since "{332

Link Radio Corporatio

125 W, 17th St., New York 11, N. Y,

Write for details!
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AMAZING NEW

[/
NOW-ONE FULL WATT
ANTENNA POWER
25-50 mc and 152-162 mc

°
THE PORTABLE FM

RADIOTELEPHONE

Compact, crystal-controlled 8-tube
FM transmitter and 1 l-lul‘e ultra-sen-
sitive receiver. Gives 8 hgurs contin-
uous service between charges which
can be made from car battery or 110
v.a.c. The “littlefone’’ is ¢gomplete in
one 8" x 8" x 313" case. Weighs only 9
Ibs. Ready for immediate 2-way opera-
tion on emergency ban IGives 2to
5 mile coverage betweenugitsormuch
greater coverage when ysed with a
fixed station or mobile lequipment.
Variety of accessories avaflable.

WRITE FOR FULL I)I?'I’Arl_s TopAay

’
-

RADIO, INC.

Builders of Precision
Radio Communication Equipment

7421 S. LOOMIS BLVYD., CHICAGO 36, ILL.

THIS MONTH’S COVER

This is probably the first published
picture of RUAS experimental T\
receivers now being used in conjune-
tion with the UNIF transmitter at
Bridgeport. Conn.

Detail views are shown of  the
tuning unit, which is mounted on its
sidde at the right of the picture tube.

Conflicting reports are heard about
UHIE performanee in the Bridgeport
area, but it is much too soon to draw
any conclusions.  Three papers will
be given at the NAB convention by
NBC and RCA engineers, reporting
results already obtained.

0 e

RADIOf 2

DEVELOPMENTAL
UHF TV RECEIVER

10th Year of Service fo Management and Engineering

SPOT NEWS NO

TES

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

FCC Rcorganization:

Effective April 3, the following new of-
fices have been ereated: Office of General
Counsel. with Benediet P, Cottone in
charge: Office of  Chief  Accountant,
William J. Norfleat in charge; Office of
Chief Engineer, Curtis B, Plummer in
charge. with John A, Willoughby as As-
sistant Chief  Engineer; and  Common
Carrier Bureau. with IHarold J. Cohen in
charge. It is expeeted that three addi-
tional Bureaus will be established later
for broadeasting, safety and special serv-
tces, and field engineering and monitor-
g, FCC anmouncement explained that
these new Bureaus will be “responsible to
and subject only to the Commissioners.”

Condenser Paper:

Major vealignment of their paper produe-
tion s indicated in the purchase of the
smith Paper Company. Lee. Mass., by
Peter J. Schweitzer, Ine. at a price of
$10.000,000,  Research facilities will be
pooled in a new department under di-
rection  of Peter
Schweitzer. George Mintz, formerly in

seeretary-treasurer

charge of the Schweitzer plant at Eliza-
heth, N. 0 has been named  general
manager of the Smith Division,

No More Worn Transcriptions:

Here's am important extra use for tape
recorders. At an inereasing number of
stations. new transeriptions are recorded
immediately on tape, This not only elim-
inates wear and seratehes on the dises,
but enables producers to tape and edit
complete shows in advanee.

CBS Color Set Problem:
Testifving at the FCC color hearing. Dr.,
Peter Goldmark said that CBS is not
afraid to compete in a double standard
sttuation if the RMA would promise to
make CBS sets. e was probably think-
img of the narrow escape of FM at the
hands of indifferent manufacturers and
broadeasters,

Curtis B. Plummer:

Appointed Chief Engineer of the FCC.

He was born at Boston in 1912,

graduated with a BN, degree from the
(Continued on page 7)

was

*° Following the Quality Curve Since 1923
AMPLIFIERS « TRANSFORMERS

for
BROADCAST ¢« RECORDING = SOUND SYSTEMS

Langevin Manufacturing Corporation
37 West 65th St., New York 23, N. Y.

FM-TV, the JourxaL of Rapnio CoyMuNICATIONS



SPOT NEWS NOTES

(Continued from page 6) Professmnal Dlrecfory

Professional Directory

University of Maine in 1935, joined the

/ /-? ./ Conmunission in 1940 as radl.o msp«:ctor n McNARY & WRATHALL
ans ey al ey Boston, and was advanced in 1916 to the
position  of Chief of the Television CONSULTING RADIO ENGINEERS
Consulting Radio Engineers . Lo
Broadcasting Section, v A 4 A 4
EXECUTIVE OFFICES:
e R e New UHF Tetrode: | | 906 Notionol Press Bidg,  DI. 1205
. D. C. . ‘ ‘ ington, D. C.
OFFICES AND .lABORATOVI‘!IIES: Litel-McCullough has announced a new | Washington
]33\2,;21:?:3?2,',"7&5: ST e EX150G tetrode for use as an oscillator ' 1407 Pacific Ave. Phone 5040
Member AFCCE or amplifier up to 1,000 me. Output is Santo Cruz, California

20 watts at 1,000 me., up to 104 watts

al 750 me.

| |
New Campus FM Station:
GARO W. RAY | e KEAR & KENNEDY
O [ Northwestern University, Fvanston, 111,
1= installing the first 10-watt FM broad- Consulting Radio Engineers
CONSULTING RADIO ENGINEERS | cast station in the Chicago arca. Already, ‘
Standard, FM and Television Services [ 121 students have applied for staff posi- | 1703 K St. N.W. STerling 7932
tions.  Wilhham  Butler, instructor in ’
HILLTOP DRIVE radio announcing, will be station man- Washington, D. C.

SILESSIREIRL (IO Tel. 7-2468 | | qger.  Speech School faculty members

will serve as a board of directors.  Call
letters are WNUR.

Dr. Antonio R. Rodriguez:

|

ANDREW ALFORD

Consulting Engineers

: . : || GEORGE P. ADAIR
Now head of the ceramies laboratory at
rlectrical Reactanee Corporation, Frank- Consulting Engineers

ANTENNAS & RF CIRCUITS “ll\'i“c, N. \.. l’l'('\’i()ll.\'l_\', he was in
charge of ceramies rescarveh for Zenith,

Radio. Communications, Electronics

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

FM Signal Generator: | | 1833 M St., N.W., Washington 6, D.C.
EXecutive 1230

Boonton Radio’s new model 202-1) s
designed  for use with telemetering re-

ceivers  and  assoclated  applications, | ——————

DALE P AC Range is 175 to 250 me., with contin-

OLL K uously adjustable deviation ranges of S ¢cINTOSH
FREQUENCY MODULATION 0-24, 0-80, and 0-240 ke, Internal audio » ‘
° oscillator has 8 fixed frequencies between AV & 'NG L1S

development and research 30 eyeles and 15 ke
transmitters, receivers
communications systems Rectangular Tubes: Consulting Radio Engineers
352 Pequot Avenue New London, Conn. | | There scems to he a definite shift to the 710 14th St. N.W., Wash. 5, D. C.
New London, 2-4824 use ot rectangular picture tubes for new MEtropolitan 4477

| TV receiver models bronght out since the |

first of February. Basis of this observa-

tion is the literature we have received
GEORGE C. DAVIS [ from manufacturers, | RATES FOR
Aunti-Transitcast Battle: | PROFESSIONAL CARDS
Consulting Radio Engi . st |
onsulfing Radio Engineers Suspicion grows that the financial sup- IN THIS DIRECTORY
501-514 Munsey Bldg.—Sterling 0111 | Port of the legal battle against transil- || 15 per Month for This Standard

casting in the Distriet of Columbia is nol

. " . L . Space. Orders Are Accepted
Washington 4, D. C. coming from private citizens, but from

. 121 ti Only.
the Washington Post, for nsertions Bnly

Capacitor Plant:

I« being set up at Denville, N, J. by
AMYl ACEVES & K'NG,'“C. Centralab for added production of ce- l Y N N E c . S M E B Y

_Specialists in the ramic capacitors.  About 300 people will !
Design and Installation of be employed. with llenry lHorn, from C /h
HIGH-GAIN Milwaukee headquarters, in charge. onsutting
AM, FM, and TELEVISION et G Radio  Engineers
ANTENNA SYSTEMS . o '
LOngacre 5-6622 l-,.lvcte‘(l viee p‘rcsulvnl in ch:‘lrg’v of en- 820 13th St., N.W. EX 8073
gineering at Freed Radio Corporation. WASHINGTON 5, C.

11 West 42nd St., New York 18, N. Y.

(Continued on page 8)
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Professional Directory

RAYMOND M. WILMOTTE Inc.

Conduﬁl’ng é)ngineerd
/Qatl:'o & 6/eclronicd

1469 Church St. N. W.  Decatur 1232
Woshington 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

ol

CORPORATION
363 EAST 7Sth STREET - CHICAGO 19

RATES FOR
PROFESSIONAL CARDS
IN THIS DIRECTORY

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

for 12 Insertions Only

Poul W. Klipsch

Professional Engineer
Acoustic development
and consulting

Klipsch ond Associotes

building the authentic

KLIPSCHORN
world's finest sound reproducer

Hope, Arkansas Tel. Hope 995

SPOT NEWS NOTES

(Continued from page 7)

He joined Freed as director of research |

and development in 1948, soon after
coming to this country from England.

RF Waveform Monitor:

Rack-mounted unit announced by Du
Mont Laboratories monitors unrectified
signal at  the RI transmission line.
Cathode-ray tube displays RI carrier
voltage on a linear time base at field or
line trequency. The relative amplitude of
various portions of the RE envelope can
be measured to accuracy prescribed by
FCC. Also, any modulation level can
be read as percentage of peak signal,

National FM Week:

NAB Convention will consider a plan to
bring together all manufacturers and
broadeasters interested in I°M, to stage
an intensive promotion this summer.

Harry Seelen:

Appointed chief engineer of RCA's tube

plant at Lancaster, I’a. He succeeds Dr. |

Dayton Ulrey who retired recently, but
continues as a consultant.

One-Year Tube Guarantee:

Sylvama has announced that it will re-
place its picture tubes without charge in
case of failure due to defective work-
manship within a year from the date
stamped on each tube at the time of sale,
This applies to tubes sold to set manu-
facturers, or through dealers. To obtain
reptacement, the defective tube must be
returned to the factory.

Memo to Movie Producers:

From Zenith  president  McDonald:
“Television receivers are today selling at

the fabulous rate of over 100,000 per
week, which means that in each week
over 400,000 more people are going to

the movies less and less.  Some are
stopping  altogether.  IPhonevision  will

change television from a menacing com-
petitor to a profitable partner.”

Miniature Plug-in Relays:

New hermetically-sealed SM series plugs
into mimature 7-pin socket. Retaining
spring permits mounting in any position,
SPDT springs pull in at 3 milliamperes,
75 milhwatts. DC windings available
from .155 to 8,000 ohms, with power rat-
ings up to 1.75 watts, Also furmshed
without cover, for single screw mount-
ing.  Deseribed in bulletin 102, Potter
& Brumfield, Princeton, Ind.

More FM for N. Y. City:

Over $330,000 will be spent for new sta-
tions just authorized by the FCC. These
(Concluded on page 33)

Special Services Directory

METHODS ENGINEERS

Materisls & 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 WORKSHHOP
ASSOCIATES

INCORPORATED

Specialists in
High-Frequency

Antennas

4&3

e

66 Needham St., Newton Highlands, Mass.
Blgelow 4-3330

MEASUREMENTS

CORPORATION

~ /QedearcA 8"

/T\ Manafacturing

é)ngineerd

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 Bivd.
Ook Park, lllinois

Chicago phone
Estebrook 8-7047

1Cver
Wil

16-MM Professional Motion Picture
Praduction Equipment

J. A. MAURER, Inc.

3707 31st Street, Long lsland City 1, N. Y,
Tel. STillwell 4-4601
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Electrolytics in
TV Receivers Today -

« + » « Television set makers are turning to Sprague
as their major source for electrolytic capacitors.

« « « . Stability under maximum operating condi-
tions plus outstandingly l-o-n-g service life are
‘the reasons for this preference.

-+ .. And expanded facilities, now being com-
pleted, permit Sprague to accept a larger portion
of your requirements.

sp n n G U E SPRAGUE ELECTRIC COMPANY

North Adams, Massachusetts
PIONEERS IN

- ELECTRIC AND ELECTRONIC DEVELOPMENT

April 1950-—formerly FM. and FM Ravio-ELEcTRONICS
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PORTABLE

NEW POSITIVE
DRIVE

Two-speed
hysteresis synchronous motor pre-
vents timing errors, lost program
time.

NAB i0'2" REELS

Now get long
playing time even on portatle
equipment. No overlop on rack
mount.

CONSOLE

PT7’s Greater Flexibility Means Greater Value

The PT7 Recorder Mechanism and Ampli-
fiers incorporate Magnecord’s exclusive
Unit Construction. The same equipment
can be used in console cabinet, rack
mount, or for portable operation. New
PT7-P amplifier features high-level mixing
for 3 high impedance microphones.

Write For Detailed Information

Revolutionary new PT7 specifications have just
been released. Write for your copy today.

IN aguecosd,. .

360 N. MICHIGAN AVENUE ¢ CHICAGO 1, ILLINOIS

RACK MOUNT

3 HEADS

Separate heads
for Erase, Record, and Playback
now allow monitoring off the tape.

PUSHBUTTON
CONTROLS

Separate buttons
for “Forward,” “Rewind,” and
"Stop” can be operated by re-
mote control.

World's Largest and Oldest Manufacturers of Professional Magnetic Recorders

10
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REPORT ON COLOR TELEVISION

WHAT HAPPENED AT THE FINAL FCC TESTS— PRESENT STATUS OF COLOR TV—
PROBABLE COURSE OF ACTION BY THE COMMISSION—"By MILTON B. SLEEPER

HE final comparative tests of color

television. held for the FCC on Feb-
ruary 28 in their laboratory at Laurel,
Md.. was probably the most dvamatic
show staged by radio engineers sinee
Marconi’s reception of transatlantic sig-
nals in 1901, That is not intended to
imply that the color tests were the most
important event during that period of
radio history. It remains to be proved
that color can become important public
serviee.  But in the extravagant expendi-
ture of engineering blood, sweat, and
tears, poured out under the pressure of
keen competition, this oceasion unques-
tionably deserves top billing.

We left Washington in time to drive
the twenty miles and arrived at the
Laurel Laboratory nearly an hour before
nine o'clock when the tests were sched-
uled to start. The brick building eon-
tained a single, high-ccilinged room., with
a small mezzanine floor. Although admis-
sion was limited strietly to ticket-holders,
and the number of tickets was limited to
about one hundred, we were early enough
to walk in unchallenged.

Early as we were, twenty-odd engineers
were making last-minute checks on as
many television receivers. On the ground
floor, there were two rows of sets, hack
to back, and another row on the haleony.
installed by Columbia Broadeasting Sys-
tem, RCA, and Color Television. Ine.
The big room was quict,  Groups of two
or three men talked in whispers as they
moved from set to set. looking at the
images and touching up the controls. The
sound channels were cut off.  An eeric
tounch was given to the proceedings by
the continuons movement of the test-
pattern tmages.  This was to prevent
burning the camera tubes, CT@ used
projection models. RCA had 10-in. and
16-in. direct-view types, and projeetion
models, also.  CBS had direet-view sets,
some with plain 10-in. tubes, others with
magnifiers to give a 12-in. effeet. and one
with a 12-in. tube and magnifier giving a

16-in. picture.  Black-and-white sets were
added for purposes of comparison.

Shortly hefore nine o'clock. the room
filled rapidly, and soon it was so erowded
that it was difficult to move around.
There was just space for two rows of
folding ehairs between the sets and the
walls.  Late-comers filled the corners and
every vantage point. At the last minute,
Harry  Plotkin, the FCC’s  Assistant
General Counsel, began to count out
seats in our row, right up to us, and
asked the occupants to let the Commis-
sioners have those chairs.

Commissioner Robert Jones took the
place next to us, and we had the pleasure
of meeting him for the first time,  Axel
Jensen, of Bell Laboratories, sat on our
right.  Chairman Wayne Coy appeared,
nervously alert, seeing everything with-
out sceming to move his eves; Miss
Frieda ITennock, ahout whose charming
manner  and  appearance  there
nothing to suggest her legal background
or her newly-acquired experiences with
the radio industry: Paul Walker, the
Commission’s expert on common-earrier
matters: George Sterling, FCC  career
man and former Chief Engineer: and Ed-
ward Webster, Coast Guard Commodore
and  communications specialist.  Rosel
Hyde was absent, since he was in Cuba
at the NARBA Conference.

Also in onr part of the room were Allen
Du Mont and Tom Goldsmith, David
Sarneff and C. B. Jolliffe. Frank Stanton
and Peter Goldmark. Don Lippincott and
George Sleeper. Senator Edwin Johnson.
George Beers, William Lodge. and Elmer
Engstrom. George Gillingham. FCC Di-
rector of Information. told us that no list
was made of those present. but the at-
tendance certainly represented the upper
hracket of industry management and
engineering.

Just hefore the demonstration started.
cach one was given a timetable of the
tests, and a brief deseription of the
methods and purposes. FCC engineers

was

made the official observations. to be read
later into the record of the television
hearing. With the tests under way. the
atmosphere of tension relaxed gradually.
The engineers saw that their charges were
performing creditably, and their attitude
of apprehension gave way to confidence
that their work had heen well done. So it
proved to be.  However, as if to make
the oceasion authentie, a transformer in
one of the CTI sets went wrong, filling
the air with the acrid smell of burning in-
sulation.

The aceuracy of color values on the
RCA and CBS images, and the amount
of detail was far heyond anything we had
expeeted to see. Tn fact, we liked the
color in the television images more than
color in motion pictures.

Partieularly noticeable was the absence
of flicker, as well as the untrue colors so
often seen in colored motion pictures.
CBS and RCA images were not only ex-
cellent in color value, detail. and agree-
able viewing quality, but they left little
to require improvement.  As for black-
and-white, it seemed dull indeed by com-
parison!  As CTI had announced. they
were not prepared to give a finished
demonstration,

With barely enough room to move be-
tween the front row of seats and the
lineup of receivers, the FCC engineers
and others who were comparing the
images on the competing models had to
squat down on their heels and shuffle
back and forth. As the tests proceeded.
they were heard to complain that their
knees were acquiring a permanent set.
and that they mightn’t be able to stand
erect when the hearing is resumed! Dur-
ing one of the brief intermissions, Miss
Hennock graciously caused containers of
coffee to appear from whenee we do not
know.

The foregoing is offered to sketeh in
the scene and the setup of the final com-
parative tests which will be deseribed
here in detail.

1: TEST METHODS HOW THE 11 COLOR TESTS WERE MADE

The final comparative color tests were
set up on a timetable basis.  During
tests No. 1 through 6. WOIC transmitted
signals for CBS on channel 9. WNBW for
RCA on channel +, and WMAL-TV for
CTI on channel 7. Although the pro-
grams originated at separate studios, the
stations transmitted similar material dur-

April 1950

ing cach test.  Monochrome receivers
were set up for cheeking black-and-white
reception. The signal strength at each re-
ceiver input was 1 millivolt, All the sets
were operated simultancously.

Test No. 1: A wedge test-pattern. with
one-half the wedges in color, was trans-
mitted for five minutes, and the pattern

formerly FM, and FM Ravio-FErLecrroNics

wax moved slowly from side to side, to
proteet the camera tubes: then for five
minutes the pattern was moved horizon-
tally and vertically somewhat faster, to
simulate usual camera movements.

Test No. 2: A double paddle was ro-
tated at V5. 1%, 5, and 15 RPM for five
minutes: then a single paddle at the same
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speeds for five minutes. The purpose was
to bring out any tendency for the colors
to break up during rapid motion.

Test No. 3: A keyboard test-pattern
was shown for five minutes, first in the
normal position, and then rotated slowly
until the maximum width of the keys
was vertical.

Test No. t: A special test pattern of
fairly fine lines was shown for five
minutes.

Trst No. 5: Staple products including
hoxes of soap, packages of cigarettes,
anned goods, and toweling, all in multi-
color designs, were shown for five
minutes.

Test No. 6: Conventional live-talent
programs were transmitted for fifteen
minutes. The time was divided between
singers, daneers. and models, with full-
length and medium shots, and eloseups.
All colors were represented in the cos-
tumes and backgrounds.

Test No. 7: Five minutes of program
material was transmitted at present
standards to show standard monochrome
on the eolor receivers. All sets during this

lest were operated from ehannel 1 sig-
nals supplied by the Laboratory, but
originating from WNBW.

Test No. 8: During test No. 8 through
11, the sets were operated sequentially on
channel 4. Interfering signals were sup-
plied by the Laboratory. The program
material was similar to that used in test
No. 5. Over a period of fifteen minutes,
co-channel interferenee, offset by 10.5 ke.,
was transmitted at -23 db, and then in-
terference from a normal-tolerance co-
channel signal at -34 db. The interfer-
ence was from a standard monochrome
signal.

Test No. 9: Procceding slowly from
the low-frequeney end of the channel, up
through the audio earrier, and back again,
interference was transmitted from other
in-channel signals at —20 db. the ratio of
the peak of the sine wave interfering
signal to the peak of the TV signal. This
test oecupied fifteen minutes.

Test No. 10: This was a test of
fringe-area reception. The signal to each
distribution amplifier was reduced to 100
mierovolts across 50 ohms,

Test No. 11: The final test was to
check the effeet of ghosts. A ghost sig-
nal of varying phase, at
plied to eaeh reeciver.

Oflicial observations made by the FCC
engineers are available in the testimony
of the television hearing. No specific
comment, therefore, will be made here.
Generally, the RCA and CBBS sets seemed
closely comparable in performance. No
serious defects were disclosed, as far as
we conld see, in either system. Unfortu-
nately, we sat direetly in front of an RCA
projection set. Its performanee was not
equal to that of RCA’s direct-view
models as to color values. They were
dim, lacking the brilliance and clarity of
the direct-view images. Therefore, to
make a proper eomparison with CBS re-
ception, we had to move down the line
of sets to take a brief look at onc of the
direet-view RCA models. Only when the
tests were ecompleted, and regular studio
program material was being transmitted,
were we able to stand where we could see
direct images of hoth types simulta-
neously.

12 db, was ap-

2: CBS COLOR PERFORMANCE AND LIMITATIONS OF THE SYSTEM

If movies are to be used as a basis for
rating the performanee of eolor television
systems, it seemns to this observer that the
quality of color reeeption demonstrated
by CBS on February 23 might be consid-
ered by the general public as certainly
equal, if not superior, to the best color
movies.

The color values of flowers, familiar
trademarks, packages. and closeups of
performers’ fcatures were truly excellent.
And they were definitely easier to watch
than motion pictures. This was due to
the agrecable quality of the colors, and
to the absence of flicker. While time
might not confirm this first impression, it
seemed that it would be more entertain-
ing to wateh a poor TV show in color
than a good show in black-and-white.

Reception at the FCC trials was so
perfect, and so lacking in the various im-
perfections that characterize home-set
performance as to create the feeling that
the image quality was due to the estah-
lishment of ideal econditions. Perhaps
the same results eould he obtained in the
average home, but it is only reasonable
to expect that color would suffer the
same deterioration as we have observed

at many black-and-white installations.
We would expeet viewers to prefer aver-
age black-and-white reception to color
that is anything less than perfect.

There is no doubt but what the CBS
color-wheel system offers important ad-
vantages, at least at this time, in the
matter of cost to both broadeasters and
viewers. Present camera equipment ean
be adapted to the CBS color system at
reasonable expense. And no basic changes
are required in receiver designs, execept
to permit operation on 405 lines instead
of 525. In that connection, it should he
pointed out that loss of resolution due to
the reduced number of lines was evident
during transmission of the test patterns,
but it is doubtful that viewers could
recognize the difference during regular
program transmission.

It is not true, however, that color per-
formance as demonstrated by CBS can
be duplicated by putting a ecolor wheel
in front of a standard black-and-white
receiver operated with a 405-line adapter!
The reason is that the color wheel causes
up to 90% loss of light. To make up
for this loss. the voltage on the picture
tube must be increased greatly. and this

calls for substantial revisions in the
receiver.
The much-publicized  story of the

amatenr who made a dise of cellophane
and was thereby able to get CBS color
transmission may be true enough. but
any resemblance between the images he
was able to sce and those produced by
CBS at the FCC tests would be purely
coincidental. Tt is a bright idea, but an
over-simplificalion.

One important improvement incorpor-
ated in the CBS recciver was the use
of aulomatic synchronization of the
color wheel.

With this addition, the system has
heen brought to its ultimate peak of per-
formance. Unfortunately. despite the ad-
vantages of immediacy that it offers, the
impresston prevails that it is as unsuited
to establishment as a permanent stand-
ard as the whirling dise first used for
television scanning. As in the case of
direct-current power transmission, it has
proved that a useful service can he per-
formed, but it must give way eventually
{o a more versatile means, comparable
to alternating current in the field of
power distribution.

3: RCA COLOR PERFORMANCE AND LIMITATIONS OF THE SYSTEM

Whatever the failings of RCA eolor
television at previous demonstrations,
the performance was little short of per-
fect on February 23. Looking at one
receiver that must have had 16-in. tubes.
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we were amazed to sce that the eolor
dots showed up as distinetly as an en-
largement of half-tone eolor printing.
Comparing a CBS reeeiver with an RCA
model right beside it, there was no per-

ceptible difference in the color values of
similar program material. The three
tubes of the RCA set registered per-
feetly, and we marveled that sueh preei-
sion was physically possible. Also, we
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noticed that. once the demonstration
started, no further adjustinents of the
controls were made, and we thought that
the achievement of such precision con-
trol of three cathode-ray tubes should be
added to Dr. Jolliftfe’s list of the marvels
of the radio art,

Then, in a more practical vein, we
wondered by what factor such receivers
would multiply the problems of mainten-
ance if they were offered to the public.
Iiven before that would come the job of
matching both camera tubes and pic-
ture tubes. They can’t be taken off the
shelt and inserted in television cameras
and receivers. Tube manufacture has not
reached that state of precision.

Iven in the sets demonstrated there

was one serious mechanical fault. Be-
cause the faces of the tubes are arranged
on three sides of a square, the tube fac-
ing the viewer is set far back in the cab-
inet.  Therefore, it is necessary to
stand directly in front of the opening in
order to see the entire image. At a dis-
tance of 6 ft., the complete screen can
only be seen by two people. This fault
will be overcome, presumably, by the
single color tube that RCA now has
under development.

The cost of studio equipment and of
the receivers is certainly much greater
than the CBS units. If every set in use
today were equipped for color, it is
doubtful if many broadeast stations
could afford the investment in RCA

color equipnient. And there is the cost
of producing any amount of program
material in color for either system. It
could be done with live shows, but what
about the very large number that are
transmitted  from  film? How many
sponsors would be willing and able to
stand the increased cost? Also, RCA eolor
can’t be networked on coaxial cable.

On the other hand, there is the
matter of public preference. If viewers
could have the quality of color recep-
tion demonstrated at the FCC tests,
would they be willing to look at any
black-and-white reception? The intro-
duction of the former might kill all in-
terest in the latter, and thereby show
a net loss to the broadcasters.

42 F CC TIMETABLE SCHEDULE FOR ENDING THE TV FREEZE

Now all the color demonstrations have
been eoncluded, but the Commission is
still far from answering the two ques-
tions of prime importance to the radio
industry: When will the freeze be lifted?
Will commercial color television broad-
casting be authorized?

At this moment. it is only certain that
the Commission will not acceed to de-
mands that the VHIE freeze be removed
in the immediate future.

As to the other points at issue, no one
can  prediet with assurance what the
FCC will decide. or when, but the facts
involved furnish a fairly definite picture
of the probabilities.  The following pre-
sents  the cousensus of  well-informed
opinion:

I. Both the CBS and RCA color tele-
vision syvstems will be given the green
light for commercial operation.

2. The engineering standards for color
will be flexible enough to permit the use
of any other G-me. system on demonstra-
tion that it is ready for the publie. This
will permit CT1, the third of the present
color proponents, to qualify when it has
proved onut its equipment.

3. The FCC will not lift the freeze, in
whole or in part until the issues of color,
and standards and allocations for both
VUHIE and UIIEF have been decided.

The FCC devoted  too many
months of the industry’s time and too
much of the taxpayers’ money to color
hearings to decide against color now,

And the Commission must realize that
a deeision against eolor would kill that
serviee for five or ten years. CBS and
RCA would accept an adverse decision
by the FCC as a stop signal.  As they
did after the 1947 denial of color, they

has

'The proposed VIIF and UHF allocaticns table.
showing the frequencies assigned to each city as
well as the cities assigned to each frequency. was
published in FAM-TI”, August. 1949. Copics are
still available,

would shut up their color television lab-
oratories, take their tax losses, and de-
vote their resources to building their
positions in monochrome television. The
FCC can hardly afford to face the charge
that it killed color.

On the other hand, an FCC decision
to recognize color could hurt the indus-
try. No one can be sure that the com-
mercialization of color will not burden
the industry with a multi-colored baby
clephant.  The cost of raising it from
infancy may be more than the industry
can afford.  But no one will be able to
prove the FCC in error, even if that
should prove to be the case.

Some 200 parties are waiting to be
heard on requests for changes in the pro-
posed  VHF-UHF allocation table.!
Meanwhile, the FCC is convineed that it
cannot afford to rush into the alloea-
tions phase of the hearing without know-
ing more about possible color television
interference. 1t is not going to he
goaded into an error by aeting on in-
complete information.

There is considerable lack of under-
standing as to the steps involved in the
television hearing which must be com-
pleted before the freeze can be lifted.
The considerations with which the Com.
mission must deal are not merely tech-
nical, but are concerned with national
policy, not untinged by political pres-
sure.  And it must be remembered that
the FCC must prepare to make its deci-
sions stick in any subsequent legal ac-
tions which may be brought by dissatis-
fied mdividuals or organizations.

Assuming that the hearing proceeds
without serious delays that cannot be an-
ticipated now, an approximate timetable
can be made up in this way:

APRH. 15: Evidence completed on color.
Hearing started on the Bell
Telephone petition for allo-
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cating the band from 470 to
300 me. to multi-channel
common carrier communica-
tions.2
MAY 1: Hearing started on  thirty
general comments concerning
engineering matters and al-
locations principles.
JUNE 1: Hearing started on proposal
to rescrve channels for non-
commercial, educational tele-
vision stations.
Hearing started on two hun-
dred comments concerning
proposed allocations to spe-
cifie communities,
Tentative deeisions an-
nounced on all issues, inelud-

JUNE 10:

SEPT. 1:

ing color and new rules,
standards,  and  allocations
for VIF and UHEF televi-
sion,

OCT. 1: Oral argument hefore the

Commission en bane,

Final decision issued on all
issues, and an announcement
of the lifting of the freeze.
Processing of applications for
new television stations start-
ed, and first hearings sched-
uled on conflicting applica-
tions.

The foregoing is a realistic appraisal of
the time required for the steps which
must be completed before television is
freed from the restrictions that have
been in effect since September 1918,
This timetable can be met if no unfor-
seen delays arise, but there is no likeli-
hood that the lifting of the freeze will
be announced before November 15.

NOV, 13:

JAN. I:

ZIn the allocations table effective July 1, 1949, the
band from 470 to 475 mec. was labeled “facsimile
broadcasting,” and 475 to 500 mec., mercly "*broad-
casting.”” The complete table for 25 to 30,000 me.
was published in FM-TV for June. 1949. Copies
are still available,
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BETTER QUALITY FROM REMOTES

THE MANY USES FOR A MOBILE PICKUP TRANSMITTER MAKE IT A HIGHLY
PROFITABLE INVESTMENT FOR BROADCAST STATIONS — ‘ByFRANK A.GUNTHER*

HE use of wire lines to carey pro-
grams originating outside the broad-
cast studio always involves extra work,
and

if a series of events Is to take place at
a public auditorium or sports center, an

antenna  can be installed and left in

worry, expense. I no lines ave  place. Then the truck can be driven to
available, as is frequently the case at a convenient spot, and the transmitter
SERRASOIO MODULATOR 277TKC,
—_— —— sl vwen i avwsn
6Aus 6AUG
12417 jaany 1220 TRIPLER ™ TRIPLER L
L | "
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Fig. 1. Block diagrane of the REL 695 pickup transmitter for 15287 to 170.15 me.

outdoor events, there can be no pickup
— undess a mobile FM pickup  trans-
mitter is avatlable.  In that case, the
remote offers no problem, for the trans-
mitter can be driven to the scene, along
with the microphones and amplifiers,
and a high-quality link established with
the studio or the station in short order.

Many Different Uses:

As an investment, a mobile pickup trans-
mitter pays ofl through substantial sav-
ings i man-hours and line charges, extra
income, and unusual special-events serv-
ice to hsteners, Added to this is the su-
perior program quality  afforded by an
M pickup transmitter, as compared to
most of the lines that must be used for
remotes,

Experience with sueh a mobile unit
that it Is a very
equipment. all year round.

item of
)
IFor example,

<hows busy

Laboratories,
Long Island

Radio Engineering
Thirty-Seventh Street,

Ve President,
Inc., 30-40
City 1, N. Y

Fig. 2
14

minutes. The work
and expense imvolved s muoch less than
when wire lines are used.

The mobile transmitter can be used as
feeding programs that
bevond pickup range at the station, pro-

conneeted i oa few

a relay for are

vided the truck can be sent to high
ground at  an intermediate  location,
Again, a permanent antenna for such

relay use may be warranted.

If the studio-transmitter hine or radio
link fails, the transmitter is a
most valuable picee of emergeney cquip-

mobile

ment.  Such use is authorized by the
FCC, in cases of “damage or nmpairment

of the regular cireuits.”

In Alaska, Hawaii, and Puerto Rico,
1°CC Rules allow the use of pickup trans-
mitters “for any auxiliary purposc in-
cluding inter-city relay cireuits.”

Broadcasters who own mobile pickup
transmitters find that their use is only
limited by the mgenuity of their
gram directors and engineers, for there is
a wide scope of applications.

pro-

FCC Requirements:
FCC Rules governing experimental and
auxiliary broadcast services, Amendment
No. 897, effective September 10, 1916,
provided 11 channels between 152.87 and
170.15 for mobile pickup transmitters
These were continued in the allocations
cffective July 1, 19190 The first nine
frequencies listed below are subject to
the restriction that they must not cause
harmful  interference  with  industrial
radio services, while the last two are sub-
Jeet to special restrictions in northeast
U'SA:
152.87 me.

153.11 me. 153.35 me.
152.93 158.17 166.25
152.99 153.23 170.15
153.05 153.29

An FM transnitter operating on one
of these channels with a deviation at 100
per cent modulation of plus and minus
225 ke is well within the limits of the

60-ke. channel width.  Allowable fre-
quency tolerance is 005 per eent.
Nineteen  20-ke. channels  between

26.10 and 26.18 me! are available for
use as cueing cireuits in conjunetion with
mobile pickup operation.

Finally, a mobile pickup transmitter,
if its design conforms with FCC regula-
tions, may be operated by anyone “hold-
ing any class of radio operator license
or permit.”

Data on Equipment:

The REL 695 pickup
cquipment illustrated here was designed

model mobile

I'The complete allocation table amd footnote refer.
ences  were  published  in June, 1949,

This table covers all channels from 25 me. to
30,000 nc.

Copies of this issue are still available,

. Bottom and rear views of the AC power supply. Filter section is also used with 12-volt dynamotor, drawing 35 amperes
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Fig. 3. Rear and bottom views of transmitter section. Output is 50 watts. Note cooling fan at right of chassis

throughout for the requirements of
broadeast operation, rather than as a
modification of mobile communications
gear.  As a result, it is suited to con-
tinuous operation required, for example,
when it is employed as an emergeney
studio-transmitter link,  Also, it should
be noted that no modification is required
for use at high altitudes. This is im-
portant in many areas, because a trans-
mitter may operate for long periods at
sea level, but break down at a high level
as a result of overheating.

Iig. 1 shows the block diagram of the
transmitter.  including  the
modulator.  There are detailed views of
the power supply in Fig. 2. and ol the
transmitter in Fig. 3.
cases permit the units to be carried and

Serrasoid

Separate metal

st up as in Fig. & or mounted on a
standard  rack.
secured in the cover which snaps on the
front of the power supply.

An imteresting and mmportant feature
of the power supply is that it is designed

Connecting cables are

for operation on 115 volts, 50 to 60
cveles, drawing 830 watts, or with a
dynamotor on 12 volts DC at 35 am-

peres,  The shift frorn AC o a dyna-
motor unit requives only a quick change
in the power-cable connection. Thus, a
part of the power supply filter circuit is
used for DC. Even the motor for the
cooling fan operates interchangeably.

On the transmitter, the only adjust-
ments on the front panel are for the grid,
plate. and output coupling of the final
amplifiecr.  This meets the requirements
for a transmitter operated by a thid
class radiophone operator.

Characteristies of overall performance
show why the program quality is so
much better than that of wire lines.
Signal-to-noise ratio of the transmitter
at 1009 modulation i1~ down 60 db. and
the audio response is fHat within 1 db
from 30 to 15.000 eveles,  Distortion
measured from the transmitter input to
the receiver output s less than 1%¢,
RMS at 1007 modulation from 50 to
15.000 cycles.

Of course. the equipment can be car-
ried in any type of car to the location
where it i1s to be used. Some broad-
casters use a conventional station wagon,
Others have more claborate installations,

such ax that in the panel truck. g 5.
This belongs to WWHG-FM, Hornell.
N. Y. To meet some of their speeial re-
quircments, an engine-driven  generator
is provided for use at outdoor evenls
where no AC connection i available,
The truck GL6-B 1°M
broadeast receiver for relay service, and
o low-frequeney transmitter-receiver to
furnish a cucing circuit.

also carries a

Antenna Designs:

Ordinarily, 3-clement antennas are used
for eelay receplion.
The driven celement is a folded dipole,
with a director and reflector. A bazooka
ix furnished to mateh a 51-ohm. solid
diclectrie cable. This antenna has a gain
of at least 3 db over a single dipole.
Gain of 10 to 12 db over a single di
pole can be obtained from a corner re-
flector antenna, designed

transmission  and

for covering
arealer distances.

Both types are horizontally polarized.
This has the particular advantage of less
mterference with and from comnumica-
tions systems on the same channels, since

(Concluded on page 35)

Fig. b Front of transmitter and power supply. Corver holds cables. Fig. 5. Rear view of installation in WIWIG panel truck
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WHAT’S NEW THIS MONTH

THE IRE CONVENTION —SIR WATSON-WATT’S IRRESPONSIBLE PHYSICISTS —
COMMISSIONER STERLING COMMENTS ON FM — QUOTES FROM CHAIRMAN COY

HE IRE Convention in New York
was tremendously  successful, not

only as to the quality and scope of the
papers, but in the skillful management
of the affair, and its enthusiastic sup-
port by the membership. A record numn-
ber of exhibitors at the Grand Central
Palace drew attendance which topped
last year's figure by a substantial
amount.

Some of the members expressed the
feeling that the expansion of the Insti-
tute of Radio Engineers into non-radio
industrial  electronies  has been
carried to the point where there is need
of a society devoted specifically to the
interests of those concerned with radio
connnunication.

Al any rate, there was ample evidence
that the affairs of the Institute have
prospered under the administration of
Stuart  Bailey, the outgoing president,
and every reason to expecet that in-com-
ing president Raymond Guy will main-
tain the present rate of progress.

now

T a time when the affairs of the

radio industry are so entangled in
the political-social-economic-scientific as-
pects of government regulation. it was
particularly interesting to hear the ob-
servations made by IRE vice president
Sir Watson-Watt  at  the  President’s
luncheon, during the Convention,

He proved to be a very engaging
speaker, and the fact that he called forth
frequent laughter did not detract from
the effectiveness with which he discussed
the serious subject of the relations be-
tween physicists and politicians.

Deseribing the genesis of English radar
developments in 1935, he referred to his
“group of irresponsible physicists who
made their own toys to play with propa-
gation.”  Then he qualified this by re-
ferring to the “reasoned irresponsibility”
which impelled their work, by way of
cmphasizing the need of intellectural
freedom in the exploration of new fields.
His reference to the mistake of making
“physicists subjeet to stultification, frus-
tration, and perversion by politicians”
reminded us of the FCC's impatience to
sot rules and standards, fencing in the
growlh of television, to the end that sets
bought for use in one part of the USA
must be operable in any other area, and
that the public be protected from obso-
lescencee.

Suppose, for example, our Government
had ruled against AC current in order to
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NAB ENGINEERING CONFERENCE
Hotel Stevens, Chicago, April 12 to 15

WEDNESDAY, APRIL 12: Registration and Ex-
hibits open, informal reception 6:00 to
8:00 p.m.

THURSDAY, APRIL 13: 9:00 a.m., North Ball-
room. Presiding: Jack R. Poppele, WOR

Television interference tests: J. W, wright, CBS

NBC Bridgport UHF installation: R. F. Guy, NBC

1. One-kw. UHF TV transmitter: T. M. Gluyas,
RCA

2. High-gain UHF TV antenna: O. O, Feit, RCA

Five-kw. TV transmitter: John Ruston, DuMont

Synchronizing generator: C. L. Ellis, G.E.

Selecting 1V transmitter site: L. E. Rawls, WSM

UHF propagation tests: R, Harmon, KDKA

Luncheon Session: 12:45 p.m., Boulevard Room,
Presiding: Neal McNaughton, NAB

Address of welcome: Judge Miller, NAB
president

History of Broadcasting: R. F. Guy; IRE presi-
dent.

Afternoon Session: 2:30 p.m., North Ballroom.
Presiding: Oscar C. Hirsch, KFVS

Optical requirements for TV: F. G. Back, Zoomar

Studio lighting: Richard Biount, G.E.

Theatre 1V facilities: R. F. Bigwood, DuMont

Movies: Construction of 1,05/-ft. tower, 1.D.E.

Moderate-size TV installation: E. L. Adams, WHIO

Grid-modulated amplifiers: J. lorber, Raytheon

FRIDAY, APRIL 14: 9:00 a.m., North Ballroom.
Presiding: John H. Dewitt, Jr.,, WSM
Five-kw. TV ftransmitters: E. Bradburd, Federal
Supergain TV antenna for VHF: L. J. Wolf, RCA
16-mm. projectors: B, Foulds, F. Gillette, GPL
Bell System TV networks: C. E. Schooley, AT & T
Sound diplexing: Staschover & Miller, Federal
Television economics: Robin D. Compton, WOIC
10-w. FM for education: T. McConnell, Collins

Luncheon Session: 12:30 p.m., Boulevard Room.
Presiding: A. James Ebel, WMBD
Television possibilities: G. E. Markham, NAB

Afternoon Session: 2:30 p.m., North Ballroom.
Presiding: K. W. Pyle, KFBI
Transit radio: Charles Sheridan, TR Inc.
Miniature condenser mike: J. K. Hilliard, A-L
Facsimile: John V. L. Hogan, Hogan labs.
One-kw. AM transmitter: L, K. Findley, Collins
Disc cutting technique: W. S. Bachman, Columbia
Five-kw. AM transmitter: F. Grimwood, Gates
SATURDAY, APRIL 15: 9:00 a.m., North Balil.
room. Presiding: Neal McNaughton, NAB
Magr;\fkic recording advances: W. E. Stewart,
B

FCC audio tests: George Adair, Consultant

Engineers & management, R. P, Doherty, NAB

FCC-Industry roundtable: Stuart Bailey, presiding

FCC INDUSTRY

Curtis Plummer Raymond Guy, NBC
John Willoughby E. K. Jett, WMAR
James Barr E. M. Johnson, MBS
Cyril Braum William lodge, CBS
Edward Allen Frank Marx, ABC
Edward Chapin

proteet the public against the obsoles-
cence of DC equipment.

Think what would have happened to
the industry if the carly Federal Radio
Commission had ruled against CW trans-
mission on the grounds that it could not
be heard on erystal-detector receivers!
s anyone prepared to say that television
will not make comparable progress in
the next ten years?

LETTER received from FCC Com-
missioner George Sterling covered
several points concerning M receivers,
interference, and audience growth. The
full text is quoted below:
With regard to the article concerning

FM receivers in your January issue, you
asked the question Do communication
receivers have something that home sets
lack?”  Then you proceed to say it is
not audio quality, for they are designed
to attenuate sharply above speech fre-
(uencies; you state that the difference
fies in three other factors, namely high
sensitivity, effective limiting, and the use
of an adequate antenna.

I think a factor that you have not
mentioned s very important,
namely, excessive M tuning drift re-
sulting from receiver oscillator insta-
bility. As you are aware, neither the
housewife nor the layman can generally
tune in I'M stations as casily as they are
accustomed to tune in AM stations, and
this is aggravated by the drift problem.
That this problem can be solved even in
low cost FM receivers seems apparent
from the performance of one manufac-
turer’s table model sets. Other leading
manufacturers have licked the problem
of drift in their combination sets. DPer-
haps these companies have i table
model FM sets, but 1 am unaware of it.

As you probably have observed, the
Commissiou has proposed changes in fre-
quency assignments for FM stations in
some areas to improve reception and
facilitate M tuning by lsteners, The
Commission’s Bureau of Lngineering is
continuously reviewing the situation and
recommends  frequeney when
they are desirable.  For example, the
withdrawal of some licensees from M
broadeasting often permits improved as-
signments  in their
licensees.

The development of the gated beam
tube and its probable use in many M
receivers should be an important factor
i the growth of M listening. As |
understand it. the characteristies of this
tube will not only simplify and reduce
the cost of I'M receivers, but will also
make tuning casier.

I would also like to comment on the
problem of AM interference which is
referred to by Mr. GG, \. Browning in
his statement associated with his adver
lisement of the Browning tuners in your
February issue. 1 fully agree with his
statement that “we might as well face
the fact that natural and man-made
static, and co-channel interference on
AM are like death and taxes. They will
always be with us.” | think it is amply
clear at this time that. regardless of

(Continued on page 33)

also

changes

area  for  other
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NEWS PICTURES

Tor: RCA’s 41-1b. transmitter-receiver
for 152 to 174 mec., intended for main
station use or temporary field installa-
tion. Circuits are designed to meet re-
quirements of adjacent-channel opera-
tion. Output is 15 watts, operating on
115 volts, 60 cycles.

reading impedance bridge. Primary range
is 50 to 500 mec., but 1t is useful down to
3 me. and up to 1,000 me. Center, VHF
detector, model $17-A is a super-regen-
erative receiver covering 10 to 500 me.

Borroat:  Light-weight field camera
chain, model CV-2, has been announced
by Polarad Electronics Corporation.

- ——
o

Setup at Ft. Belvoir, Va., with which
Burezu of Standards maintains 24-hour
recordings of field inzensities of four
transmitters at Beltsville, Md. Purpose
is a continuing study of variations in the
absorption of skywave transmission by
the ionosphere.

This 8-watt Goodell amplifier has an
input switch to provide equalization for

Brooklyn 11. Camera tube is low-in-
tensity type 5820. Plug-in electronic
view-finder clamps on the camera case.

Brains behind rectangular picture-tube
bulbs produced by American Structural
Products, Toiedo, are Dr. Howard D.
Vincent, director of product develop-
ment. and Kenneth M. Henry, vice presi-

audio and video reception, and 78-RPM
and LP records. Five-position output
switch for 4 to 500 ohms also controls
feedback.

Center: Right, Hewlett-I’ackard 608-A
signal generator covering 10 to 500 me.
in five ranges. Master oscillator power
amplifier delivers output of .1 microvolt
to 1 volt. Left, Model 803-A direct-

dent and chief engineer of this company,
Development of the Videcon, a camera
tube 1 in. in diameter and 6 ins. long,
has made possible this miniature TV
camera for closed-circuit, industral use.
Monitor unit contains the operating cir-
cuits, Can be operated up to 500 ft.,
producing excellent 525-line images.




MULTIPLE PROGRAM TRANSMISSION

SUCCESS OF FACSIMILE DUPLEX OPERATION ON FM BROADCAST STATIONS
MAY OPEN UP MUTIPLE-SERVICE TRANSMISSION — ‘By WILLIAM S. HALSTEAD*

OTI broadeast and communications
executives and engineers have shown
greal interest in the successful, non-inter-
fering operation of facsimile equipment
over the FM stations comprising the
Rural Radio Network.r  That is not
merely because facsimile may become a
profitable adjunet to broadeasting, but
heeause 1t indicates that an M broad-
cast station can add a second program
service, or handle communications serviee
to mobile units.  And this can be done
withont causing any degradation to their
basic 15.000-cyele program  quality. or
causing interference with other stations.
as demonstrated by the equipment devel-
oped by Communieations Research Cor-
poration.
The method is not new.? although its
successful use in conjunction with M

broadeasting is recent enough that its

_1"

[ il PRE-
| PrROGRAM|__|Low-Pass| |\ BEEC FM
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T T |
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FAX | | sTaTion
scanner T CARRIER 1 soNiTor

Fig. 2 Duplex aural and facsimile setup

Thus, the 10-ke. subcarrier, amplitude-
modulated by the faesimile scanner. pro-
duces a new subearrier of constant am-
plitude, in the inaudible range between
20 and 30 ke,

In practice. the limits of the
quenev-modulated subearrier are set at
about 28 ke, for the white facsimile sig-
nal. and at 28 ke, for the black signal,
The frequency-shift subcarrier is applied
to a cathode-follower and a bandpass
filter which permits only frequencies of

fre-

B m
{‘P T ,
1 f BANDPASS

AMP  ——RECTIFIER — LN FASS VAo T —— AMR  — FILTER
20-30KC. |
1OKE, v os 23-28 KC. |
CONSTANT  FREQUENCY - ‘ VARIABLE ~_FREQUENCY |
VARIABLE AMPLITUOE }l CONSTANT AMPLITUOE {

{ {
I J |
LFROM FAX SCANNER TO FM MODULATOR o—|

possibilities are not yet generally real-
ized.  Accordingly. this paper will pre-
sent the details of the equipment and
circuits nsed by RRN, and operating in-
formation on the frequeney-shift method
of duplexing.

FS Duplexing:

In the facsimile duplex system developed
for the Rural Radio Network., 10-ke.
amplitnde-modilated  subearrier  signals
from a standard Finch or General Elec-
tric (Hogan) scanner are applied to an
awdio amplifier, and then reetified, as in-
dicated in Fig. 1. The rectified signal is
filtered to remove any trace of the origi-
nal 10-ke. subcarrier frequency, This is
done by a low-pass filter with a cutoff at
about 6 ke, The rectified and filtered
signal, comprised of DC pulses of vary-
ing amplitude, is used to vary the fre-
quency of a multi-vibrator cirenit within
a range of 20 to 30 ke.

*President, Communications Research Corp., 250
Park Avenue. New York 17, N. Y

A very complete study of the Rural Radio Net-
work was presented in "Pattern for FM Profits.”

FV oaxvp TeLevisiox, Sept. 1948,

See Armstrong U, S, Patent No.o 2,104,012,
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Fig. 1. Basic circuit employed for FS facsimile transmission on an FM network

20 to 30 ke, to reach the FM modulator
of the transmitter.  This eliminates any
undesired  modulation
harmonies that may he present in the
frequency-shift subcarrier.

The FS subcarrier and modulator are
connected to the broadeast transmitter
between the pre-emphasis net work and
the FM modulator. as shown in Fig. 2.

components  or

HIGH-PAS CATH,
FILTER 1

FoLL
| r S \ —
suB-
| CATH. ! ! FAX
FoLL, [~ CARRIER — AMP  —igecoroen

| | FM
TRANS,

)

Fig. 3. Facsimile monitor and repeater

Aural program signals are brought to the
transmitter in the conventional manner.
No cireuit changes in existing equipment
are necessary, exeept for the insertion of
A low-pass filter at the output of the
program amplifier. This is done to elimi-
nate any harmonies above the 15,000-
evele program limit, which might inter-
fere with facsimile information.

FM-TTV, the

Gain controls of the frequeney-shift
modulator are usually adjusted to pro-
duce about 10 per cent modulation of the
M carrier.  In order that the total
modulation will not execed 100 per cent,
a slight decrease in program  gain is
necessary.  However, a 10 per cent re-
duction in dynamie range is negligible,
since it cannot be detected by the ear.

At the receiving end. the combined
audio and facsimile signals are deteeted
and separated by filters, as shown in Fig.
8. Then the facsimile frequency-shift
subearrier must be rcconverted to its
original AM form. Fig. 8 is a diagram of
equipment used in conjunction with a
standard monitor receiver for RRN re-
lay opcration, Tt provides for monitor-
ing the facsimile information at cach
station and. at the same time. retrans-
mitting it to the next station of the net-
work.

As Fig. 3 shows, signals from the dis-
criminator of a conventional FM broad-
ast monitor receiver are brought, with-
out de-emphasis, to the cathode follower
input stage of the facsimile recorder sec-
tion, A high-pass filter then rejeets all
audio components, and passes only the
frequency-shift subecarrier which occupies
a band from 23 to 28 ke, The signal is
then split into two channels. One is fed
to the transmitter for rebroadeasting the
TS subearrier.  The othier channel is for
facsimile monitoring.

That is. the high-pass filter output
goes to two cathode-followers. One is
conneeted to the modulator of the trans-
mitter. beyond the  pre-emphasis net-
work. The output of the second eathode-
follower is applied to a subearrier dis-
criminator.  This ix simply a band-pass
filter which as a linear pass-slope be-
tween 23-28 ke.  The resultant signal,
containing amplitude  variations corre-
sponding to the original output of the
faesimile scanner. is amplified and fed to
to the facsimile recorder. The frequency
variations are still present. hut have no
cffect on the recorded picture as long as
the recorder has a frequeney response
substantially flat from 23 to 28 ke.

For office or home reception. a simple
faesimile adaptor has been developed. A
single two-stage amplifier, with a com-
bined high-pass and diseriminator filter.
provide satisfaetory service at a very
reasonable cost.

FS Facsimile Equipment:

Fig. 4 shows complete frequeney-shift
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duplex transmitting equipment. The top
panel contains the FS subearrier con-
verter.  In the center is an oscilloscope
for use as a waveform monitor, and at
the bottom is a direet-reading frequency-
meter,

The FS converter panel is shown in
detail in Fig. 5. Here can be seen a volt-
meter and VU meter, and the operating
controls  to provide proper  frequeney
swing and subcarrier level. Controls not
frequently adjusted are behind a hinged
nameplate panel.

Fig. 6 illustrates the waveform moni-
tor.  Switches are provided so that prac-
tically any waveform in the facsimile
cquipment or the associated  broadeast
program amplifier can be observed. As
in the moduolator panel, little-used con-
trols are behind an access door.

A faesimile monitor chassis is shown
in Fig. 7. This ix used to provide an out-
put for operating a monitor recorder and
another output, not demodulated. to the
transmitter for rebroadeasting,

Multiplexing Circuits:

A schematie diagram of the frequeney-
shift
Fig. 8. Amplitude-modulated 10 ke, sig-
nals from a conventional facsimile sean-

subearrier converter is shown in

S duplex transmitter equipment

monic distortion less than 025 at a
normal operating level of 0 db on a 600-

supply, which provides regulated plate
voltage for the multivibrator.

As Figs. T and 8 show, a built-in VU
be switched to show either
input or output levels.  Provideld also is
a DC voltmeter connected at the ont-
put of the Jow-pass filter to show contin-

meter can

wously  the multivibrator grid  voltage.
made at a terminal

monitor and a

Conneetions are
board for a waveform
frequeney meter.

Iig. 10 shows the ¢ireuit for the face
simile monitor unit used in FM relay
stations. The dizeriminator output of the
I°'M
both audio and facsimile information, is
hrought to the eathode follower input
stage. A high-pass filter, which cuts off
sharply at 20 ke, removes all audio com-
ponents of the signal. The
cuwrve of this filter is given in Fig, 11

The output of the high-pass filter ix
divided, through  separale  gain
controls to amplifiers. cach feeding a
eathode-follower, The lower chaunel, Fig,
10, feeds the faesimile signal through
a transformer and a simple matehing
network to a terminal board where it i<
taken to the FAM modulator for rebroad-
casting,

The signal in the upper. facsimile mon-

monitor receiver, which  contains

response

going

Fig. 5. Control panel for frequency shift operation. Fig. 6. FS

ner applied. through an attenuator
unit, to a push-pull amplifier. A erystal
bridge-reetifier and a low-pass filter con-
vert the signal to a varying DC poten-
tial, changing in accordance with the
facsimile information. This varying DC
potential is applied to the grid of a nor-
mally  free-running maulti-vibrator.  Tts
frequency is shifted from 28 to 28 ke,
according to the changing white and
black information levels, The  ampli-
tude ix constant, .\ twin triode operated
in parallel is used as a cathode-follower
buffer stage. feeding a bandpass filter.
Only frequenecies from 20 to 30 ke, are

are

passeil, as Fig. 9 shows, and useless
harmonies are blocked.  The signals at
the output terminals of the filter are of
sinusoidal waveform, with measured har-

April 1950

ohm line within the range of 20 to 30

ke, An attenuator unit is provided at
the output.
The equipment has its own  power

Fig. 7. Chassis of the facsimie monitor

formerly FM, and FM Ranto-ErLicrroNies

wareform monitor for

cheeliing both andio and faesimile signals

itor chamnel, however, is applied from
the second cathode-follower to a diserim-

inator network, shown at the upper
right v Fig. 10, The response char-

acteristic of this filter. Fig. 12, is such
that a reasonably linear slope is encoun-
tered between 20 and 30 ke, Thus the
frequeney variations from 238 to 28 ke
are reconverted to amplitude variations
as in the original faesimile seanner out-
put. The signal ix amplified. fed through
a final cathode-follower output
and s drive a
recorder,

If it were not for the desirability of

stage.

used  to convenlional

feeding the signal to the 1M broadeast
transmitter without diserimination, the
high-pass and diseriminator filters could
be combined. For use at the ultimate re-
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Fig. 8. The schematic

ceiving point — in the oftice or home —
the relay channel is not needed, and a
simple adaptor has been  designed for
this application. Fig. 13 shows a tenta-
tive ecircuit.  Only one tube, a twin
triode, is used, providing two stages of
amplification.  The high-pass and fre-
queney-shift discriminator filters are com-
bined in the plate circuit of the first am-
plifier.

It is assumed that I'M reccivers used
in conjunction with the adaptor will
have power supplies adequate for one
more tube,  Therefore, filament and B
voltages required for the adaptor are
taken from the receiver, eliminating the
need for an adaptor power supply, This
results in ceven greater simplieity and
In lots of 10.000, it is esti-
mated that the factory cost of the adap-
tor would he less than 4.

lowered cost.

Tests of FS Operation:

During the tests on Rural Radio Net-
work eircuits, the inaudible facsimile
sub-carrier signals were superimposed on
many of the network’s regular aural pro-
gram transmissions with no difliculty of
any nature, and with no deterioration of
high-fidelity program signals up to 15.-

000 exeles. Tu test transmissions, no re-

wiring diagram of the frequency-shift subearrier converter

port of any audible interference with
aural programs was received and. so far
as is known, no listener was able to de-
tect the slightest trace of the facsimile
subcarrier.

In some tests, the percentage of modu-
lation of the FM transmitter by the fac-
simile subecarricr was inereased as high as
60% without evidence of the subearrier

-3 -0

DECIBELS
-50

~70

50 60 70 80

3

20 30 40
FREQUENCY IN KC.

Fig. 9. Characteristic of the filter
at receivers when they were tuned to
resonance.  Because the faesimile signal
may become aundible as the modulation
level is increased if the receiver is far off
resonance, and because of the reduetion
of the program modulation index by the
addition of the facsimile subearrier, 1045
FM carrier modulation by the facsimile

subcarrier has been adopted tentatively
as an optimum value.

As long as the FS modulation percent-
age is kept at a relatively low level. the
total transmilter and receiver bandwidth
requirements are not inereased, provid-
ing that the
exceed 100€¢7

total modulation does not

Extensive tests of signal-to-noise ratios
have A General Eleetrie
YDA-1 distortion and noise analyzer was
used for these tests, together with other
standard measurement equipment.

1. Signal-to-noise ratio of a General
Electrie FM broadeast transmitter, type
4BTIBI: approxinately 65 db below
1007 modulation.

2. Signal-to-noise ratio of
G16-3 FM broadeast receiver:
low T milliwatt reference level
olm line.

3. Signal-to-noise ratio of a GLI FM
broadeast receiver: approximately 0 db
below maximum audio output of 2 watts,

4 In order to determine the extent to
which noise might be produced in a re-
ceiver within the range of 50 to 15,000
exeles during facsimile duplex transmis-
sion, a 15.000-cxcle low-pass filter was
conneeted  between  the output of an
REL FM broadecast reeciver and the
YDA-T distortion and noise analyzer.
This blocked the facsimile
signal energy from the noise-measuring
circuit.  The TN transmitter was mod-
ulated by the sub-carrier signals at 109,
as indicated by the station monitor, with
no audio signal applicd to the transmit-
ter. With the receiver tuned
nance for normal broadeast reception, no
measurable whatsoever could be
detected in the radio range above the
normal backgroupnd noise. It was esti-
mated that if the background noise could
have been reduced substantially more
than 60 db below the I-milliwatt refer-
ence level the facsimile noise level would
have been about 80 db below 1 milliwatt
on a 600-ohm line,

(Continued on page 30)
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HE FCC continues to turn out prod-

ucts that demonstrate they were
frightened by a taxi when giving birth
to the Land Mobile Radio Service Rules.

The evidence presented in the mobile
allocation  proceeding with respect to
frequency nse by the taxis has apparently
left the Commission with the impression
that every frequeney is as supersatu-
rated as the single taxi channel was at
the time of the hearing.

Inter-City Truck Operations:

this  psyvchosis
Commisston denial of

Latest  testimonial  to
was the en bane
the petition of the American Trucking
Associations  to modify  the highway
truck radio service rules to permit a
modicum  of metropolitian area use of
the 7 frequencies assigned to truck op-
erators,

At present, if you put the handful
of truck operators using radio all on
the same frequency in a single city, the
total message traffic in a month prob-
ably wouldn't cqual the daily total
one taxi company operating a modest
fleet of 50 cabs,

Truek radio trafhic
less than that of the taxis but. as the
ATAN petition explained, the eligibility
restrictions thrown around truck radio
use by the Commission’s Rules are such
“that extremely little use will he made
of the frequencies  assigned  to  this
serviee,”

The ATA petition accordingly asked
that the Rule limiting truck radio use
to inter-city operators be modified to
permit truck operators in metropolitan
areas  serving inter-city truck lines,
railroads, shipping, and air freight ter-
minals to radio. Tt was estimated
that this would favorably affect not
more than 2 to 15% of all the metropoli-
tan truck operators, although only a
fraction of that percent would go to
the expense of construeting their own
radio systems,

Gist of ATA petition appears in
lowing excerpt:

“The equally with all
truek operators. is interested in seeing
the frequencies assigned to the trucking
industry used by that industry. On the

is not only much

use

fol-
Commission,
H Street N. W,

*1707 Washington, D. C.

other hand, all truck operators, equally
with the Commission, realize that there
1s probably an insufficient supply of
frequeneies available to permit all eity
trucks to operate their own private radio
systems, It is submitted that the proper
course to be followed lies between these
two extremes: 1) of permitting radio
only to inter-city operators who, as
shown above, cannot afford the exten-
sive equipment investment involved for
the limited communications required in
inter-city operations; and 2) of permit-
ting radio use to all truck operators
without any restrictions, whieh is not
practicable in view of the very small
number of frequencies assigned for the
use of the trucking industry.

“The intermediate and recommended
course to assure trucking industry radio
use in proportion to the number of fre-
quencies assigned to its purposes would
be to permit those persons engaged in
transporting freight to and from truecks
engaged in inter-city operations on 2
route basis outside of metropolitan areas,
railroads, ships and airports to be eli-
gible (as well as inter-city truck opera-
tors, operating on a route basis, outsido
metropolitan areas) for authorizations
in the Highway Truck Radio Serviee.”

The compromise course of action was

recomnended on six different detailed
counts. No less surprising than the
substantive result, however, was the

utter lack of consideration afforded the
industry position in the Commission’s

opinion.  The curt 22-line  opinion,
awaited for six months, did not even
deign to recite, let alone discuss, the

detailed reasons advanced by the truek-
ing industry in support of the mild
relaxation recommended. The commis-
sion instead simply reaffirmed its faith in
its previous judgment, summarily dis-
posing of the ATA petition in the fol-
lowing language: “The Rules in ques-
tion became effective July 1919, fol-
lowing extensive hearing on the subject
of mobile communieations. As a result
of these proceedings, final rules were
adopted for a number of new services,
including the highway truck radio serv-
ice, whieh refleeted the coneclusion of
the Commission that it was impractiecal
to provide private radio systems for

dprd 1950—formerly FM, and FM Rapio-ELecTrRONICS

the general dispateh of vehieles in urban
arcas. The petitioners were afforded an
opportunity to be heard on this subject.
They have not by thelr petitions pre-
sented any important situations or cir-

cumstances that could not have heen
foreseen at the time of the hearings.

The proposal. in any event, does not
present a matter of concern  to
the public warrant, in
the opinion of the Commission, a change
in the Rules or further proceedings at
this time.”

This attitude is only warranted, of
course, if present frequency usage, plhis
reasonable expansion projected on basis
of present frequency utilization demon-
strates frequeney saturation in prospect.
But, so far as is known, Commission has
vet to make first frequeney utilization
study for any mobile service. FFurther-
more, frequency saturation is the very
factor that moves manufacturers to im-
prove equipment so as to use less fre-
quency space. Present attitude therefore
not only bloeks maximum frequency
utilization but removes incentive for
equipment improvements as well,

such
interest as to

Common Carrier Decisions:

carrier
hand s

Commission’s
radio staff, on
ently making effort to insure
maximum frequeney utilization,  Two
examples demonstrate attitude prevail-
ing in that sector: Robert C. Crabb,
Los Angeles limited common carrier, has
been permitted dual-frequency use in
two company-operated cars in order to
extend range of mobile units in emer-
For example. when fires oceur
in valleys where direct communication
is impossible, eompany ecars. equipped
to operate on both the base and mobile
frequencies. can be set up as relays at
an intermediate location, thus extending
the range of operation. Oddly enough.
the Society for Prevention of Cruelty to
Animals and an LCC subseriber, in-
spired this particular application.
Handy-talkic use has been similarly
authorized so that LCC subseribers ean
get closer to seene of emergency opera-
tions than possible with radio-cquiped
vehicles. A Red Cross subscriber pio-
neered this application. In case of fire or
flood, the Red Cross in Portland can
now use portable equipment, in con-
junction with mobile units, to send in-
structions  regarding the care of the
injured or homeless to the base station.
There is some indication that the
highly commendable solicitude of the
common carrier staff for maximum fre-
quency utilization might be earried to
the extreme of recommending the au-
thorization of four limited common car-
riers in the same city. This would avoid
(Concluded on page 38)

common
other
every

mobile
appar-

gencies,
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LOW-COST MOBILE FLEET CONTROL

HOW POSITIVE CONTROL IS ATTAINED, AND FALSE OPERATION PREVENTED IN
MOBILE FLEET SYSTEMS AND RADIO RELAY CHAINS. PART 2—‘By JACK KULANSKY*

Fleet Control Units:

HE basic ideas incorporated in the

FTC-1 transmitter unit and  the
FRC-1 receiver nnit are so obvious as to
give the impression that the cireuits pre-
sent no particular design problem. It
would appear, that the de-
velopment of these units should have

therefore,

been a reasonably straightforward proj-
ect, Actually, many methods were found
by which a high degree of dependability
could be achieved. but each had one or
more clements of uncertainty not amen-
able to elimination.  Since these units
have many applications in which they
must operate with the certainty of com-
mon-carrier telephone equipment. their
final design represents the outcome of a
major development projeet.

Specifically, we started with the phil-
osophy that the purpose of fleet control
is to improve and facilitate the operation
of a communications svstem.  Therefore.
the equipment must not introduce new
uncertainties of performance. but must
merease the overall dependability of the
radio installation to which fleet control 1s
added.  That result
achieved in the units to be deseribed.

end has  been

*Mohile Systems  Engineer. Hammarlund Manu-
facturing Company, lne,, 460 West 34th Street,
New York City.

Figs. 5 and + show the transmitter and
receiver controls. while Fig, 5 presents
the cirenits in the form of block dia-

arams,
The Transmitter Unit:
The purpose of the transmilter unit

'IC-1, Fig. 3. 1s to generate an andio-
frequency tone, generally of 3.000 exeles,
to modulate the transmitter for a period
of 200 milliseconds each time the press-
to-talk  button of the microphone is
actuated.

When the control is installed, a con-
neetion s from the ecarrier-lock
mitiator relay K. Fig. 3. to the trans-
mitter-control relay  operated by the
press-to-talk switeh.  When the contacts
of K, are closed. a transient impulse is
passed to the grid of the 12AT7 dash
generator tube I . This has an “on”
time interval of 200 milliseconds.

Simultancously. relay K kevs the
$.000-cvele tone generator V. The tone
impulse is applied to the input of the
transmitter via the buffer amplifier V.
A bridging transformer is used to mateh
the impedanee of the input connections
for a carbon microphone, a high-imped-
ance speech amplitier, or a 600-ohm line.
When the push-to-talk switeh s closed,
and the transmitter is turned on, only
one 3.000-cvele pulse is emitted.

made

Fig. 3. left: The
transmittercontrol
unit - delivers an
audio impulse  of
200
duration whenever
the push-to-talk
button of the
microphone s

milliseconds

pressed.

Fig. |, opposite:
When  an audio
impulse of the op-
erating  frequeney
is applied to the
receiver control,
the muting is re-
morved and held
open as long as the
transmitter is on

the air.

Under standby conditions, the control
unit does not draw high-voltage current.
since that is apphed to the plates only
upon closure of the K| relay contaets,
The standby current is only the .9 am-
pere AC or DC filament drain at the
nominal value of 6 The actnal
voltage may vary between 3 and 8 volts
While
the transmitter is turned on. the unit
draws plate current of .01 ampere at 180
volts,  This ean be obtained from the
high-voltage supply used for the exeiter
stages of the transmitter.

The 8.000-cyele tone generalor is im-
mune to plate voltage changes between
20 and 300 volts, The effeet of such a
change is to shift the audio frequency
by only .25 eyele.

Up to 1 volt RM3 is supplied to a 50-
ohin eircuit by the output of the buffer
amplifier V. This is more than ade-
quate. for most transmitters require not
more than .2 volt RMS for full modula-
tion. A gain control for the buffer am-
plifier. adjustable with a serewdriver, is
provided on the top of the chassis, as
<hown in Fig. 3. Onee set. it requirex
no further adjustment. It should be set
just under —not  over — full modula-
tion. as determined by a modulation
monitor.  Over-modulation is not desir-
able, as it will eause the andio tone to
be manifested outside the established
limits of transmission.

The FTC-T unit is furnished with a
separable connector and a +-ft. cable of
6 wires for making connections to the
control relay,

volts,

without affecting the operation.

transmitter, and

supply.

power

The Receiver Unit:

The FRC-1 unit, Fig. . maintains the
associated reeciver in a muted condition
until an impulse of correct audio fre-
queney is reecived. It then removes the
muting connection and holds it open ax
Jong as the carrier is on the air. When
used for controlling a receiver associated
with a repeater transmitter, it switches
the transmitter on and off,  The unigue
feature of the control is its ability to re-
jeet stray impulses of noise or voice
modulation  which. otherwise.  would
caise false operation.

Conneetion for the input to the eon-
trol is taken off at the output of the re-
ceiver diseriminato=. prior to the de-
emphasiz network.  The level should be
at least .5 volt at the 3.000-cyele tone.

Reetified DC noise voltage is fed to

FM-TV, the JourNaL of Rapio CoMMUNICATIONS



the input of the threshold earrier-lock-in
bias generator, Fig. 5. This is normally
obtained from the output of the voltage
doubler in the noise voltage c¢ircuit used
to  operate  the audio
squeleh. In ses, this voltage
assumes a nominal positive valie of ap-
proximalely 8 volts in the absence of a
carrter signal. It is reduced, sometimes
approaching zero, when the carrier comes
on.  Reduction of the voltage is deter-
mined by the cavrier signal strength.
An adjustable control is provided on
the chassis, Fig. 1 for setting the lowest
signal level at which the control unit

conventional
some ¢

Fig. 5. and on to the limiter amplifier.
V.. The output of ¥V, is applied to the
multiple 8.000-cycle bandpass filter 7.
This operates the pulse detector and
relay tnbe Vil the signal voltage over-
comes the static guard-voltage main-
ained on Vo Also, it must have a mini-
mum  duration of approximately 150
milliseconds to operate the delay timer.
The latter has a lincar voltage charace-
teristic with time. and a rapid hangover
decay. Thus, a suceession of stray noise
impulses cannot develop suflicient aver-
age voltage to cause a momentary, false
operation of the control contacts of the

vi Ip vz IP va |e
a) | _
[Tizavr 12AU7 | 12407
| DAsH 3KC. TONE BUFFER-
GEN. ™ cen. AMR
R J
F Tw
(Y] 1
. KEYING
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CARRIER-LOCK %2
= INITIATOR |,
14 RELAY
- +180V. i

S - = S
22[ aee. | oAKs | akc, |2
-+ }—.—Iemomxss’—a LIMITER= BANOPASS|—
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DISC. L L ]
INPU~ v3
TIME-OELAY
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Al
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Fig. 5. Bloek diagram of the control wunits added to the transmitter and receivers

will operate. A marginal change of reetic
field noise input to the control produces
a 30-db change in the bias voltage de-
veloped by the threshold carrier-lock-in
bias generator,

Under some circumstances, the reeti-
ficd noise-voltage input assumes a nega-
tive value in the condition.
This allows a higher level of marginal
hias amplification, in exeess of that gen-
erated if the reetified noise input does
not go bhelow zero volts with the carrier
on.  Thix is due to the greater voltage

carrier-on

swing applied to the grid of the thresh-
old carrier-lock-in generator V|
Otherwise. the operation of the control

biax

ix independent of etther condition,

Again, we have encountered receiver

cirenits in which the reetified noise out-
put has a negative voltage in the carvier-
oll condition, inereasing in value wpon
Also,
we have found other circuits where the
rectified noise may have a high negative

application of the carrier stgnal.,

‘alue in the absence of a carrier. dimin-
For
these cases. oo, proper operation of the
unit can be obtained by adjusting the
control on the chassis,

ishing when a signal is rececived,

The method of operation is as follows:
When the press-to-talk switeh on the
transmitter microphone ix pressed, the
FTC-1 unit instantly  modulates  the
Uransmitter with a 3.000-cyele tone for
a pertod of 200 milliseconds. This action
ix =0 fast that the tone signal ends hefore
the operator ean start to speak,

At the receiver, the signal is fed from
the diseriminator  to the  8.000-evele
bandpass filter 7, in the FRC-1 control,

April 1950

time-delay relay K.

Crossover attenuation 50 eveles re-
moved from the tone frequency used is
of the order of 20 db.  This provides
more than adequate distinetion from ex-
trancous signal voltages, as in a syvstem
where two or more tone frequencies arve
receivers,
intended

used  for different groups of
transmission
for one group of reccivers cannot operate
the control units in the other group or

The characteristies

Morcover, voice

groups of receivers,
of the fillers and
limiter amplifier are
such that sub-mul-
tiple tones of strong
signals cannot cause
false operation.
When relay K is
energized by the
of Vl.
result: 1)
closure  of

output two
actions
one  set
of contacts applies a
positive controlling
voltage from the
threshold
lock-in bias genera-
tor V.
winding, in order to
hold the contacts.
2) Closure of the
other relay contacts

Larrier-

to the relay

opens or closes the
andio-mute  cireuit
of the reeciver, ace-
cording to the con-
nections required,
These contacts can
be used also to in-

formerly FM, and FM Rapto-Eiecrrovics

itiate the operation of a relay transmit-
ter. or a chain of repeater transmitters.

At the end of the message transmis-
ston, the carrier goes off and the bias-
controlling voltage used to keep relay
K, in an energized condition drops as
much as 30 db, depending upon the
setting of the threshold control,  Thix
releases relay Ko and mutes the receiver
again, or culx off the relay transmitter
or repealer chain, as the case may be.

A busy-signal lamp can be added to
receivers which are operated in two or
Then a relay is added to
control the lamp,  The relay coil is con-
nected in the plate of V| since this tube
operated from the change in the level of
reclified noise voltage when a earrier is
received.  Since the operator at any re-
ceiver hears only calls intended for his
group. he might otherwise break in on a
message heing  transmitted to another
aronp.

The plate supply for the receiver con-
sadue of 180
volls at 006 ampere. with a minimum of
130 volts and a maximum of 2530 volts.
The filaments require 6 volts at .75 am-
pere. Variations between 5 and 8 volts
will not affeet the performance of the
control.

It should be noted that when the
FRC-T unit is used in a mobile installa-
tion, there ix a net reduetion in current
drain from the 6-volt battery of more
than .25 ampere. This results from andio
muting in the cathode of the receiver
output amplifier,

Thus it is the addition of the fleet con-
trol system, inlike other auxiliary equip-
ment, does not inerease the battery load.

more groups,

trol should have a nominal
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FM FOR FIRE DEPARTMENTS

HOW FM COMMUNICATIONS EQUIPMENT HAS BEEN INSTALLED ON VARIOUS
MAKES OF PUMPERS AND LADDERS USED AT ERIE, PA.—By LIEUT. LOUIS RAUB*

LOWLY, but very certainly, fire de-

partments are coming to recognize
the valuable service that radio communi-
cations can perform not only while ap-
paratus is rolling and at the scene of a
fire, but as a means of tying together the
activities of the whole organization. [f
fire chiefs have seemed unresponsive to
the idea of using radio, there is a reason
for that attitude. The basic philosophy on
which all their signalling equipment has
been developed over many years calls for
safe-failure operation. That is, their ex-
perience has taught them to reject any
deviee which, if it fails, does not signal
its defeetive condition in one way or an-
other.

Since radio is not a closed-eircuit ar-
rangement, like the fire alarm boxes, the
cquipment does not light a light or ring
a bell when a tube burns out or a con-
denser opens up.  However, the perfec-
tion of two-way radio has largely over-
come that objection since, if a call is not
answered, it can be presumed that there
is an “open arcuit” somewhere in the
line.

The City of Erie, Pa., now has one of
the most completely equipped fire de-
partments in this country, giving Chief
Lawrence Scully direct communication
from his own car to almost every picce
of fire-fighting equipment, and a tie-in
with the poliee department as well. This
mstallation has proved highly successful,
and very valuable.

The problems of putting radio on fire
apparatus are quite different from those

* Police Department., Erie, Pa.
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encountered in police patrol cars. Some
radio men are inclined to avoid jobs of
this sort, merely from lack of experience.
Accordingly. the accompanying photos
were taken to show typical examples of
Mo-orola installations on various types
of ladders and pumpers.

In each case, an auxiliary Motorola
speech amplifier and an adjustable loud-
speaker are provided so that the micro-
phone for the radio transmitter can be
switched over for public address use.
Normally, however, the speaker is di-
rccted toward the front seat. This
arrangement assures that incoming calls
can be heard while the apparatus is in
motion.

Fig. 1 shows a Buffalo 750-gallon
pumper with the radio equipment carried
in a water-tight case directly behind the
driver’s seat. On this pumper, and on
all the other installations, the antenna
is at the top corner of the windshield.

Fig. 2 illustrates the installation on a
Seagrave 65 ft. ladder, and indicates the
manner of using the microphone and
speaker for calling up to a man in a
building. The universal joint of the
speaker mounting has a positive-action
lock that is not affected by vibration.
The case on the running board holds the
radio equipnient and amplifier.

In Fig. 3. the cover has been removed
from the cquipment case to show the
amplifier and the radio transmitter and
receiver. This installation is on a La-
France 65-ft. ladder, one of the first to
be equipped.

A similar arrangement is employed for

the Peter Pirsch 1,000-gallon pumper in
Fig. 4.

The American LaFrance 1,000-gallon
pumper, Fig. 5, does not have a running
hoard, but there was ample space for the
radio case behind the seat.

Fig. 6 shows the dashboard of an 853-
ft. Seagrave ladder. If you look closely,
you can see the two control boxes below
and to the right of the handset hanger.
One is the regular radio control, while
the other is for switching the microphone
to the power amplifier. It also has a
volume control. The lead to the antenna
is secured to the frame of the windshield,
running down under the floor and back
to the equipment case in the lower left
hand corer of the photograph. The
lead to the speaker can be seen also.
Great care was taken in these installa-
tions to fasten the cables securely, at
short intervals, particularly as a protee-
tion against vibration.

Conditions were somewhat different on
the 750-gallon Mack pumper, Fig. 7.
There was neither a running board nor a
space below the back of the seat. How-
ever, there was ample flat space on the
body just above the seat, and this served
the purpose admirably.

A better view of the dashboard ar-
rangement is presented in Fig. 8. This
is on an Anerican LaFrance 63-ft. ladder.
The controls for the radio and amplifier
are within easy reach, yvet they are out
of the way and well protected from any
damage in service. It is hoped that
these examples will be helpful to others
who make similar installations.
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AUDIO RESPONSE AND DISTORTION

EXPLAINING THE FACTORS OF RESPONSE AND DISTORTION

IN RELATION TO

THE PERFORMANCE OF AMPLIFIERS AND LOUDSPEAKERS— ‘By PAUL W. KLIPSCH*

T ecan be demonstrated that phase re-
sponse, transient response, and fre-
quencey response are aspeets of the same
phenomenon. Determination of any one
such forin of response predetermines the
others,  Equalization to achieve a given
frequency response curve will render a
correspotuding  transient and  phase  re-
sponse.  Some other means of achieving
the same frequencey response will produce
the same corresponding transient and
phase response.

Distortion, also, is exhibited in dif-
ferent forms, all interrelated. XA given
complete determination of harmonic dis-
tortion would uniguely deterniine  the
transient and intermodulation distortion.
In fact, a complete determination of any
form of distortion would determine each
of the other forms.  Means for minhniz-
ing any one form of distortion would re-
duce other forms of distortion.

The same principles which apply to
distortion in circuits and amplifiers apply
also to electro-mechanical transducers
such as speakers, microphones, and pick-
ups. Phase, transient, and frequeney re-
spouse arc mutually dependent ina
speaker, just as they are in a circuit.

The above generalizations must not be
applied oo literally as one considers field
problens as contrasted with circuit prob-
tems.  Where space, delay (as by delay
line or transit time), and lattice networks
are involved, phase can be inereased inde-
pendent of other responses. But recog-
nition of other than minimum phase-shift
systems ix casy. and the special delay or
phase effects can be evaluated separately.
Generalization for minimum phase-shift
networks and systems is valid.

The purpose of this article is to review
the theory, and to indicate the applica
hility of the principles by which phase.
transient, and frequeney response are as-
peets of what might be termed “general-

- Klipsch and Associates, Hope, Arkansas.

26

ized response’: while harmonic. modula-
tion, and transient distortion are different
aspeets of what might be termed “gen-
Specifically, for ex-
ample, it is hoped to show that one form
of equalization has not the slightest ad-
vantage over another means for equaliza-
tion in reducing phase-distortion as long
as the two forms of equalization produce
the same frequeney response.

eralized distortion,”

Phase & Frequency Response:

There persists a belief that phase shift s
of distortion which can be
altered at will, independently  of fre-
quency response. Actually, however, any
frequency response has its associated and
There is always
a certain minimum phase shift associated
with a given response, Phase shift can
be increased by means of delay lines,
lattices, lattice-devived nets (all-pass cir-
cuits). and spacings relative to wave
travel. but there is an irreducible mini-
mum phase shift obtained as a result of
any frequeney  discrimination. equaliza-
tion, or filtering. In the absence of phase
shifting devices. a eircuit will exhibit
minimum phase shift, and is referred to
as a minimwn phase-shift network.
Phase shift in such networks has been
shown by Bode! to be uniquely depend-
ent upon the shape of the attemmation
curve, referred to here as a frequency re-
sponse curve.  This is summarized, and a
correction made, by Terman.? Although

some  sort

unigue phase response.

appearing mathematically formidible, the
interpretation is actually simple:

d. 1
Be = = L
12 ll# ¢ G
4
dA d.1 |
og
l//.t llu - =
P
coth 5 du

where:
B, is the phase shift in radians at the
frequencey fo.
d. A /du is the slope of the altenuation
curve in db per octave
w = log. (f/f.) where [ s lrequeney
and [, is the frequeney at which B,

is desired.

log coth the real part of log

I
colh =,
L’

Expressed in words, this equation shows
that the minimum phase shift is the sum
of two components, the first of which is
proportional to the slope of the attenna-
tion curve when plotted with decibels as
ordinates and the logarithm of frequency
as abscissa, and amounts to 180° when
the slope of the attenuation curve ix 12 db
per octave, The sccond term s de-
termined by an integral of the produet of
a hyperbolie function of frequeney with
the difference between the attenuation
slope function and  the slope at fre-
queney fe.

FFor computation purposes the integra-
tion would have to be carried out for the
value of phase shift at each frequeney to
be determined. For the purpose of the
present discussion, the expression serves
to show that the numimum phase shift is
a function of the slope of the attenuation
curve, and that any specified attenuation
curve st with it a
unique minimum phase shift curve,

Evidently, then, there can be no rela-
tive merit of one scheme of equalization

have assoctated

over another as long as cach performs a
stated Putting it another way,
there is no more or less phase shift pro-

result.

duced by accomplishing a given equal-
ization by means of diserimination in a

(Continued on page 25)

H. W, Bode, U0 S Patent N, 201

. E. Terman, “Radio Fagineers's  Thandhook
McGraw Hill, 1943, See pages eq, and
articularly cquation (123) on page 219
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Throughout history, scouting par-
ties have gone out ahead of man,
ahead of settlements, ahead of civi-
lization itself. Today, Bell System
scouts are engaged in a new kind of
exploration — charting a path for
microwaves — using equipment spe-
cially designed by Bell Telephone
Laboratories.

The portable tower shown is con-
structed of light sections of alumi-
num and in a few hours may be
built up to 200 feet. Gliding on roll-

ers, the “dish,” with its microwave
transmitter or receiver, is quickly
positioned for line-of-sight trans-
miss’on. then oriented through
electric motors controlled from the
ground.

Test signals show how terrain
and local elimate can interfere with
microewave transmission. Step by
step, Bell’'s explorers avoid the ob-
stacles and find the best course
for radio relay systems which will
carry television pictures or hun-

dreds of simultaneous telephone
conversations,

A radio relay link similar to the
one between New York and Boston
will be opened this year between
New York and Chicago. Later it
will be extended. perhaps into a
nation-wide network — another ex-
ample of the way Bell Telephone
Laboratories scientists help make
the world’s best telephone system
still better each year, and at lowest
cost.

BELL TELEPHONE LABORATORIES

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED
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feed back loop than there would be by
means for obtaining the same equaliza-
tion in the forward transmission.

The phase shift within a pass band is a
function of the attenuation slope both
within and outside the pass band. In the
cise of equalizers in which a given trans-
mission characteristic is specified, say, for
the 80- (o 1,000-cycle range, the attenua-
tion characteristic below 30 cycles may
be of no interest whatever, from the
standpoint of equalization, but the phase
shift above 80 cycles will depend upon
the loss slope below 80 cycles. One group
of experimenters observed that a loss be-
low 80 cycles exceeding 6 db per octave
produced undesirable listening quality in
the audible range. The cause of this
cffeet is not known, but the experi-
menters attributed at least part of the
cause to phase shift.  From consideration
of transient effeets, it appears that tran-
sient phenomena may account for part of
the effect.  The writer is indebted to
Messrs. G. W. Ashworth, R. W. Bricken-
kamp and E, P, Jastram, Jr., who pointed
out and demonstrated this effect.

Frequency & Transient Response:

The same dependence exists in the re-
lation between frequency response and
transient response as exists between fre-
quencey response and phase shift. That
is Lo say, with a given frequency response
there is one and only one transient re-
sponse.

The indicial response is related to the
frequency response, according to Bush?
(equation 389):

)%

[f(w)exp (o) ol dw

EEE ]

A) = (1/2m))

where:

() = the indicial respouse (transient
response to a square wave of long
period, or more exactly to a square
pulse of infinite duration).

w = 2xf, f being frequency, and

f(w) = the frequency response fune-
lion.

The product under the integral sign is
that of the frequency response function,
an exponential function of the angular
veloeity and the reciprocal of the angular
veloeity.,

Interpretation of the transient equa-
tion above is that the transient behavior
of a network is determined as soon as its
AC steady-state performance is defined.
While computation and evaluation of the
transient behavior might be difficull even
with machine integration, the fact re-
mains that there ix one unigue transient

response associated with any given fre-

queney  response.  Thus a given fre-

Vannevar Bush, “Operational Circuit Analysis,”
John Wiley and Sons, Inc., 1929, See equation

389, page 177, and other relations in this section,
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quency response fixes the transient re-
sponse. Whatever nieans is employed to
achieve the given frequency response is
immaterial; when the frequency response
is specified the transient response is also
fixed.

This relation is not dependent upon
the use of a minimum phase-shift net-
work, as the transient performance de-
seribed by the equation is a function of
the complex frequeney response function
whieh includes the phase funetion of fre-
quency. Then, the phase function would
in turn be fixed by the attenuation func-
tion in a minimum phase-shift network.

Distortion:

The only limiting assumption from whieh
the above conclusions are reached is that
the circuits or transducers involved are
linear. that is, free of distortion.
Distortion may be defined as the gen-

eration of frequencics not originally
present. Distortion will oceur whenever

effect is not proportional to cause, that
is, whenever the output-to-input ratio is
not a preeise straight line.

In dealing with low-level circuits where
equalization is normally applied. distor-
tion can be reduced to extremely low
levels.  Working tube circuits well below
their load limits results in operating over
the straight line portion of their ranges.
Negative feedback further reduces dis-
tortion. Under such conditions, distor-
tion effects may be negleeted and the
analyses relating response. phase, and
transient  effeets s practically  valid.
Negligible distortion should not. how-
ever. be assumed. but must be carefully
checked and then, if necessary, correc-
tions of bias, loading, and other factors
applied.

An audio amplifier usually consists of
two distinet sections, a preamplifier where
frequency discerimination, tone controls,
phono-equalization, and  the like
applied. and a main amplifier for deliver-
ing large power to a load, Distortion
can be kept low in the low-level pre-
amplifier stages, but minimum distortion
i the power amplifier imposes severe
problems.

From the definition that distortion is
the production of frequencies not origi-
nally present, harmonic distortion is
readily recognized as one form. The same
non-linearity that can produce harmonics
of a single input wave can also produce
modulation products from a plurality of
input frequencies.  Whenever harmonic
distortion exists, modulation or inter
modulation distortion can  exist  also,
AM detection is a case in point, where a
highly non-linear transducer (rectifier) is
used to generate sum-and-difference fre-
quencics in the audio range from the
carrier and side-band components of the
signal.

are

Much has been writlen in recent years
on methods of distortion measurement,
and there is a growing attitude that in-
termodulation testing gives a better over
all measure than does harmonic distor-
tion testing. Iowever, like the phase-
transient-response concept, harmonic and
intermodulation distortion are merely dif
ferent aspects of the same phenomenon.
A complete knowledge of one necessarily
predetermines the other, though mathe-
matical evaluation of one from a meas-
ured known distortion of the other type
might be difficult. As to rapidity, or sen-
sitivity, or eflicacy. the choice of one
method over the other is predicated on
the equipment at hand, and how com-
pletely the determination is to be made.
But a complete knowledge of the distor-
tion characteristics by either method is
necessary and suflicient to determine the
performance in terms of the other form
of measurement.

Note, however. that a complete knowl-
cdge of one type of distortion is needed
to predict the magnitude of the other.
This means, for example, that harmonic
distortion at one frequency is not sufli-
cient, any more than the intermodula-
tion distortion at two stated frequencies
would be.  An amplifier which exhibits

% distortion (harmonic) at 1,000 cy-
cles might produce 207 distortion at 50
cycles.  Intermodulation might amount
to 2% using 100 and 5.000 cycles, where-
as 207 intermodulation might  occur
using 40 cyveles and 3,000 eycles.  Negli-
gible intermodulation might be indicated
{from harmonic distortion measurements
with intermodulation frequencies of 1,050
and 1,100 eyeles due to absence of har-
monic distortion in the 1.000-cycle region,
Lut the difference frequency of 50 cycles
might fall in a frequency range where
high harmonie distortion occurs.

Generally speaking, the eritical ranges
are at the extreme low- and high-fre-
quency ends of the spectrum.  Iigh har-
monic distortion is apt to oceur at low
frequencies beeause of the high exciting
currents in the output transformer. Iligh
distortion at high frequencies may exist
hecause of 1) high leakage inductance in
the output transformer the
push-pull tubes are not closely coupled
and/or 2)  where primary-to-sccondary
phase shift enters the feedback loop to
produce distortion outside the pass-band,
with ultrasonic distortion  components
intermodulating with other audible or
ultrasonic compounents to produce modu-
lution products within the audible range,

whereby

Consider a numerical example. Assume

a pair of triodes with a plate-to-plate im-

pedance of 2,000 ohms and a load re-

flected at the output transformer primary

of 5,000 ohms. Assume a primary in-

ductance of 20 henries effective at the par-
(Continued on page 35)
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These Stackpole Specialties
SIMPLIFY DESIGN axd CONSTRUCTION

- /
o = 7
\" o // 4 /

e B / "/ /

TINY “GA” CAPACITORS

... that cost no more than "gimmicks"

7/ 7 T
These sturdy little capacitors cost no more than s s %/

flimsy, twisted wire “gimmicks,” are non-induc ,, - ' )

tive and assure greater stability, higher Q, ‘ . : ==
better insulation resistance and higher break- — L
downvoltage. Standard capacifies include .5—

68—1.0--1.5—2.2—3.3 and 4.7mmfd. types.
INEXPENSIVE SUPPORTS o CAIA’LOFG :‘cz
o, Stackpole fixed an
B ‘ FOR WIND|NGS Iron cores for prac-
— tically any need —In-
take less space and require one-third fewer il i,
soldered connections. Standard forms are

WRITE FOR
varioble resistors-
Handly Stackpole molded Bakelite coil forms expensive line and
available for universal, solencid, tapped

universal and multiple windings. Molded iron
center sections can also be provided.

DEPENDABLE, LOW COST
SLIDE SWITCHES

for 3 ampere, 125V. A. C. use

The new Stackpole Type S$S5-26 Switch is just the thing

for electrical appliances and equipment of all sorts!

Construction is exceptionally durable and the

switches are readily adaptable to various mount-

ing arrangements. Underwriters approved and

conservatively rated for 3 amperes at 125

volts A.C. (or 1 ampere at 125 volts D.C.).

The Stackpole Min- Single-pole single-throw and single-pole

wte Man—your os-

surance of prompt, double-throw types available.

dependoble service

e

Electronic Components Division

STACKPOLE CARBON COMPANY + ST. MARYS, PENNA.
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the
CRAFTSMEN RC-10

HIGH FIDELITY
EM-AM TUNER
This new tuner was your idea.
It is the precisely enginee‘red
answer to hundreds of questions
. the solution to scores of
;)r;)blems .« . the outgrowth of
countless suggestions we've re-
ceived from you. Developed
from your ideas—and o few of
ours—the RC-10 retains every
feature of the famous RC-8. .And
it offers a host of innovations.
e Built-in pre-umplifier compen-
sated for reluctance pickups.
e Automatic Frequency Contro\
entirely eliminates drift, sim-
plifies tuning.
o 5 microvolt sensitivity on both
FM and AM.
» 10 ke filter on AM eliminates
inter-station squeals. ol
] and treble tone controls
fB:rseboost, cut, or 20—20,000
cycle flat response.
... the RC-100A ultra-sen-
see sitive, custom TV with
built-in booster.
HEAR . . . the RC-2 high fidel‘itv
omplifier. All units fin-
ished in chrome.

i i i d 50¢
te for information—or senc
wfr:)r instructions and schematics.

THE RADIO

c[ﬂ t§conourto

Dept G, 1617 S. Michigan Ave., Chicago 16, 1.

MULTIPLE TRANSMISSION
(Continued fram page 20)

When sinusoidal AF signals were used
to modulate the transmitter. no observ-
able effeet such as intermodulation was
produced by the subearrier signal when
measured by the distortion meter and
an oscilloseape.

5. At the output terminals of the
frequency-shift monitor unit, Fig. 10,
with 10097 total modulation of FM car-
rier, and 109 modulation by the I8
subearrier swinging from 23-28 ke.. the
ratio of black signal to anral program

~tant-amplitude characteristic of the FS
subearrier as contrasted with the con-
tinuously-variable amplitude of the sub-
carrier in AM svstems. Ro AL Hilferty,
chief engineer of Press Wireless, Inc..
Basx this to say about the two systems:
“Perhaps the quickest way to come to
the point would be for me to tell you
that we abandoned amplitude modula
tion of the subcarrier some ten years ago
because of the practical difficulty  of
maintaining acewrate level adjustments,
I believe that was the experience of all
international  earriers engaged in this
type of work: and I believe the military

23
OECIBELS
-70 -50 =30 =10

-3

50 60 70 8O 100

20 30 40
FREQUENCY IN KC.

~10

-30

OECIBELS

-50

50 60 70 80 100

20 30 40
FREQUENCY IN KC

—

Fig. (1. Filter removes AF conponents

signal in the subearrier channel  was
abont #0 db. and the ratio of white sig-
nal to program signal was to 10 to 20 db.

6. Measured under the same condi-
tions as above, the black-to-white signal
ratio obtainable was 30 to t0 db. No
difficulty was experienced in obtaining
dynamic ranges equal to that provided
by the facsimile seanning equipment,
but  satisfactory  recordings  could  he
made with the normal operating range

Fig. 12. Slape is Unear frome 23 to 28 ke.

also came to the same conelusion.  So
that today there probably is no remain.
ing AM subcarrier work being done any
where.”

It is evident that the constant-ampli-
tude  characteristie of  the  frequeney
shift suhearrier system will simplify the
problems of level control and monitoring
at broadeasting stations.  Further, it is
anticipated thal when fnll use is made
of facsimile broadeasting, the majority of

FROM DISCRIMINATOR 3
OF FM RECEIVER

IJT :

B+

COMBINED HIGH-PASS & FS OISCRIMINATOR FLTR.

LTI
L L

N

-

TO FAX RECOROER

i £

of 20 db. Comparisons have shown that
there is no significant change in quality
ax a result of duplex radio relay opera
tion:

AM vs. FS Multiplexing:

AM modulation of facsimile subcarriers
was in quite wide use some yvears ago.
But in reeent years. the FS method hax
come into general use.  An important
factor in the adoption of the FS method
for commereial operation was the im
proved degree of subearrier level control
and maintenance of optimum level ad

justments, made possible by the con-

Fig. 13. This adapter for FS facsimile reception v home or office has one tube

the recorders will he automatie in opera-
tion, with no manual control during re-
ception.  To facilitate  this unattended
recorder operation, antomatie level eon-
trol or limiting of the subearrier may be
desirable.  An FS limiter to accomplish
this control is simple. non-eritical. inex-
pensive, and reliable.  With AM svs
tems, antomatie level control circuits
present a difficult problem, since they
have the inherent disadvantage that lim-
iting action temls to compress the dy
namic range between white and  black
signals.
(Concluded on page 32)
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Facts about the Klipschorn:

2. WHAT price Bass Response? If a speaker is effective to 80 cycles,
doubling dimensions (including those relating to cone compliance, gap-
energy-cubed, etc.) should produce performance to 40 cycles. Bulk and
cost would be increased by a factor of 8. Bass range so obtained is
expensive and still exhibits distortion which becomes more noticeable as
the range is increased.

But the Klipschorn achieves full efficiency down to 36 cycles in a small
structure. And horn-loading enables high efficiency with consequent low

distortion. Good remaining efficiency below 36 cycles permits distortionless
REproduction of 32-foot bourdon stops of the pipe organ.

The trick was to keep the size down. each wall

at a room corner produces a mirror image to provide adequate mouth size.

“Doing it with mirrors,’
The result is a cabinet structure only a trifle over four feet high.

The authentic KLIPSCHORN offers constructional quality commensurate
with the superlative technical design. We invite broadcasters, audio
engineers, custom set builders, and discriminating listeners to drop us a
line for data.

KLIPSCH and ASSOCIATES

LABORATORY & PLANT AT HOPE, ARKANSAS

TELEPHONE: HOPE 99S

WORKING DATA

for
Communications Engineers

Complete data on the following subjects is available
in back issues of FM-TV.

FCC Rules and Allocations for

Public Service Systems ... . .. .. . . June, ‘49
Public Safety Services . . . .. ... ... July, ‘49
fndustrial Services ... . ... . ... .. Sept., ‘49
Transportation Services .. ..... .. Oct., ‘49
Registry of Radio Systems
Taxicabs .. ....... .. ... ... .... Jan., ‘49
Police, Fire, Forestry, Railroads . . . . July, ‘49
Manufacturers’ Specifications for
Fixed and Mobile Equipment
Part 1 .. .. .. ... ... ... Oct.,, ‘49
Part 2 ... .. . ... . .. . ... .. Nov., ‘49
Adjacent-Channel Operation
Part 1 .. ... . ... ... Nov., ‘49
Part 2 .. ... Dec., ‘49

PRICE OF THESE ISSUES:
25¢ EACH, POSTPAID

FM-TV MAGAZINE

SAVINGS BANK BUILDING
GREAT BARRINGTON, MASS.

April 1950

T asuring
New Transm/ssmn Me urt
\/

Daven Type 11A Transmission Meas-
uring Set is fast proving itself a “‘must”’
for FM and AM station engineers. This
instrument offers an ideal solution for
making measurements required by
FCC "'proof of performance” regula-
tions.

For an accurate ver-
satile gain set, ot a
moderate price
specify The Daven
Type 11-A.

vey CENTRAL

wewaRx 4

~ DAVEN =

aviwnut
wiw 2ERstY

\m—

Write today for additional information. Dept. FM-10.

formerly FM. and FM Ravo-EFrecrroxics
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MWL,
ALTEC presents the A-332A Amplifier, the first
amplifier designed specifically for use with the
famous ALTEC 21B Miniature Microphone! Internal
power supplies eliminate the need for additional
associated equipment, making it one of the finest
compact, flexible public address amplifiers ever
produced. It will accommodate any of the basic
21B Microphone types (stand, lapel or chest plate).
Two mike channels ... plus one for variable reluc-
tance pickup...are provided with individual gain
and bass controls. Overall high-frequency droop
control is also provided. Inputs may be mixed in
any ratio.

The A-332A is truly the answer to high quality
public address or sound reinforcement systems
that will meet the most stringent requirements of / 4
schools, churches, clubs, places of entertainment.

Amplifier is housed in grey metal cabinet. Front x
panel is lighted and slanted for easy manipulation
of contrals.

Ask for ALTEC brochures showing the best com-
ponents to complete your high quality system.

DEALERS EVERYWHERE

1161 N. VINE ST, HOLLYWOOD 38, CALIF.
161 SIXTH AVE., NEW YORK 13, NEW YORK

" MEASUREMENTS CORPORATION wooer 80

STANDARD SIGNAL GENERATOR

2 to 400 MEGACYCLES

MODULATION: Amplitude modulation is contin-
vously variable from O to 30%, indicated by a
meter on the panel. An internal 400 or 1000
cycle audio oscillator is provided. Modulation
may also be applied from an external source.

MANUFACTURERS 13
dard Signal Generators
pulse Generators

FM Signal Generators
Square Wave Generators

FREQUENCY

Stan ACCURACY = .5%

OUTPUT VOLTAGE
0.1 to 100,000

itmeters N . microvolts

Vacuum Ituh:‘::e 4 Field Pulse modulation may be applied to the oscillator

uqul:::"‘:m Moters from on external source through a special con- MC:'E’;P'«:‘TCE
Capacity Bridges necior, Pulses of | microsecond can be obtained ! 50 o:ms

Megohm Meters

phase Sequence lnd\calolrs

jon and FM Tes
mms!qulnmnl

at higler carrier frequencies.

MEASUREMENTS CORPORATION

BOONTON

NEW JERSEY
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MULTIPLE TRANSMISSION
(Continued from page 30)

A factor of eonsiderable practical im-
portance is the relative case with which
the dynamic range of the FS subcarrier
system can be inereased, if necessary. In
the case of an AM subearrier operation.
the dynamic range bhetween white and
black signals is imited by the noise level
of the overall FM transmitting and re-
ceiving system, and by the maximum
permissible modulation of the FM car-
rier.

Armstrong and others working with
M multiplexing  have demonstrated
that  with a constant-amplitude sub-
carrier rather than a variable-amplitude
sub-carrier the tendency toward cross-
modulation between the audio and mul-
tiplex channels of an FM transmitter is
reduced. This effeet is particularly no-
ticeable when multiple subearriers are

employed.  The following statement re-
garding the FS subearrier system  is
found in Major Armstrong’s  patent

2104012

“In effect. it represents a frequency
modulation within a frequeney modula-
tion, and the method has great advan-
tages in freedom from certain forms of
cross modulation between the channels.”

In the laboratory development work
on the Rural Radio Network's facsimile
svstem, it was noted that if the amplh-
tude of the facsimile subearrier was al-
lowed to vary by an appreciable amount,
an audible signal could be heard in the
hackground during silent periods in the
aural program transmission, when the
I'M broadeast receivers were tuned off
resonanee.  When all variations in am-
plitude were removed. no audible trace
of the facsimile subearrier could be heard
at 10% FM carrier modulation.

This ability of the FS subcarrier sys-
tem to minimize difficulties from cross
modulation  between during
multiple subcarrier operation is consid-
ered to be a factor of great significance
with respeet to the future of FM broad-
casting. It ix anticipated that multiple
subcarriers will be used for functions
such as transmission of facsimile syn-
chronizing signals, and teletype or voice
signals for intercommunication between
relay or network stations without re

channels

sorting to separate radiotelephone chan-
nels or wire line telephone eircuits. Also,
Major Armstrong foresaw the use of
multiple subcarriers in transmission of a
variety of different aural programs from
a single FM broadeast station.  That
this is not of purely academic signif-
ieance is evidenced by the fact that three
national organizations are now giving
serious consideration to the future use of
multiple subcarriers on FM  broadcast
transmitters.

FM-TV, the Jorrxan of Ravio CoMMuUNICATIONS



SPOT NEWS NOTES
(Continued from page 8)

are: Crosley Broadeasting Corp., 10.5
kw. on 105.1 me.: Atlantie Broadeasting
Company, 10 kw, on 106.7 me: Debs
Memorial Radio Fund. 12.5 kw. on 107.5
ke.: and Ebbetts-MceKeever Exhibition
Company, 19.5 kw. on 105.9 me.

Donald G. Haines:

Appointed chief electrical engineer for
Sentinel Radio. He was formerly receiver
tube applications engineer with ytron.

Microwave Repeater:

Philco’s Industrial Division is in produe-
tion on a feedback-type repeater operat-
ing on 3925 to 8,000 me. Designed for
common carriers, industrial services, and
government agencies, this unit is capable
of handling up to 82 two-way voice
channels or coded intelligence. Only one
Klystron is required for both receiving
and transmitting functions in a single
direetion.

Polarized Relays:
C. P. Clare & Company, Chicago 30, has
acquired the distribution of the English
Carpenter relays, a polarized type eapa-
ble of repeating fecble impulses of vary-
ing time duration with high accuracy, Of
the three sizes, the smallest is no larger
than a matchbox. Descriptive bulletins
110-1-2 are now available,

KXOK-FM Ups Power:

St. Louis Star-Times has been authorized
to increase power on FM from 11.1 kw.
to 70 kw. effective radiation. A 57 -,
tower has been acquired from KWK.

Studio Cable Reel:

A rubber-tired, 2-wheel handtruck and
cable reel has been brought out by In-
dustrial Eleetrical Works, Omaha, Neb,
Reel has 3 or 4 collector rings connected
to the inside end of the cable, so that
only the length of cable required need
be run out. Capacity is 300 ft, of 34-in.
cable, up to 3,200 ft. of shiclded micro-
phone cord. Bulletin A109 gives com
plete details,

WHAT’S NEW THIS MONTH
(Continued from page 16)

whether we do or do not have a North
American Regional Broadcasting Agree.
ment, there is going to be an invasion of
the service arcas, particularly the
secondary areas, of the United States
AM broadcasting stations by Cuban and
Mexican stations and perhaps from sta-
tions in the West Indies.

Even with moderate power, many FJM
stations serve arcas that are so much

April 1950

HANDIE-TALKIE

PORTABLE COMMUNICATION UNIT

Available in 25-50 mc., 500 MW.;
and 152-174 mc., 250 MW.

PACK SET
Designed for back carrying, the
Pack Set also features Uni-Stage,
and cellular construction, oper-
ates for a week of eight hour
days on one change of dry battery
pack. Provided with a loud
speaker, the entire unit is a dura-
ble, weather proof package.

4545 Augusta Blvd., Chicago, 51, I
In Canoda: Rogers Majestic Ltd., Toronto

TEN-FOUR! We'll go along with you on any
kind of a job where a man can walk—keep
back out of your way—leave your hands free
for other work and give you superior per-
formance and the complete reliability
characteristic of all Motorola mobile and
industrial equipment.

The Handie Talkie 2-way radio unit has
extraordinary receiver sensitivity along with
precision crystal controlled stability. It has a
plug-in “Uni-Stage” and cellular corstruc-
tion, and is available with either dry or re-
chargeable wet batteries. Complete with an-
tenna, handset, and batteries iT WEIGHS LESS
THAN 10 pounds!

Only Motorola Makes the
Handie Talkie Radiophone!

specialists in mohile radio
for over 20 years.

Comrwnications Division

PORTABLE 2-WAY RADIO

Larger than the interference-free night
time serviee arcas of their associated AM
stations that there is scarcely any com-
parison.

Among broadeast licensees for both
AM and FM stations, there are those
who feel that they do a better job by
independently programming the M sta-
tions, whereas others feel that they
should duplicate the service.  In
opinion, it adds up to one thing, namely.
that the only way a broadcaster can
bring his audience to realize the superi-
ority of FM. particularly where he has
high nighttime lmitation, or the service
area is subject to atmospherics, is to

formerly FM, and FM Ravio-ErrcTroNics

duplicate the programs and invite the
AM listeners” attention to the fact that
the service is available without mter
ferenee on his FM chaunel.
ciate the difficulty in
listener within the serviee area of a TV
station, who does not have a I'V re-
ceiver, that he should buy an FM re
ceiver first, 1 also appreciate the facl
that such a licensee has to offer FM as
a bonns,

Despite all the problems in M broad-
casting, it is gratifying ta note the four
inportant conclusions drawn by Edward
.. Sellers of NAB., in his analysis of a

(Continued on page 34)

[ can appre-
convineing  a
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FOR TV STATIONS:

The

TELOP

Television Optical Projector ENABLES || ASY, LOW COST
TV COMMERCIALS

Now used by networks and independent stations

The problem of low budget yet modern and visvally interesting TV
Cemmercials production is solved by the new Gray Research TELOP. Versa-
tile, ‘cinematic’ effects are obtained from inexpensively prepared materials

or small objects.

V. TELOP TELEVISES MANY THINGS
There are four optical openings for
opaque cards, photographs, art
work, glass slides, transparencies,
strip material (on rolls), and small
objects.

2. DUAL PROJECTION

Two slide holders, containing ten
projection items, may be used in
any two optical openings. Any two
items may be televised simultane-
ously with superimposition, through
lap dissolve or fade-out. The bot-
tom station in the TELOP may be
opened for televising small objects.

3. STAGES #2 and #3

These two variable speed units may

be attached to any station, one for
vertical roll strip, the other for
horizontal televising of teletype
news strip. The horizontal unit may
be used anywhere between top
and bottom of the mosaic.

4. NO KEYSTONING

The single projection lens elimi-
nates keystoning of the projected
mosaics.

S. RUGGED EQUIPMENT
The TELOP, weighing 600 Ibs., has
a cast iron base and rigid frame-
work to withstand constant hard
usage.

For full details write
for Bulletin T-101

AVAILABLE AS AN ACCESSORY

FM

SIGNAL
GENERATOR

TYPE 202-B
54-216 Megacycles

Specifications :

RF RANGES: 54-108, 108-216 mec.
+0.5% accuracy, Also covers
0.4 mc.Yo 25 mc. with accessory
203-B Univerter.

VERNIER DIAL: 24:1 gear ratio with
main frequency dial.

FREQUENCY DEVIATION RANGES:
0-24 kc., 0-80 kc., 0-240 ke.

AMPLITUDE MODULATION: Con-
tinvously variable 0-50%, cali-
brated ot 30% and 50% points.

MODULATING OSCILLATOR: Eight
internal modulating frequencies,
from 50 cycles to 15 ke., available
for FM or AM.

is the 203-B Univerter, a unity gain
frequency converter, which in com-
bination with the 202-B instrument
provides additional coverage of
from 0.4 to 25 megacycles.

Write for Catalog G

DESIGNERS AND MANUFACTURERS OF
THE Q METER » QX CHECKER
FREQUENCY MODULATED SIGNAL GENERATOR
BEAT FREQUENCY GENERATOR
AND OTHER DIRECT READING INSTRUMENTS
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RF OUTPUT VOLTAGE: 0.2 volt to 0.1 micro-
volt. Output Impedance 26.5 ohms,

FM DISTORTION: Less than 2% at 75 kec.
deviation.

SPURIOUS RF OUTPUT: All spurious RF voltages
30 db or more below fundamental.

BOONTO ADIO

BOONTON-H-J- U-SA- ,1)”/7(/‘?‘0]4(77(

WHAT’S NEW THIS MONTH
(Continued from page 33)

recent survey which The Pulse, lne.,
conducted in the 10-county New York
City arca:

"M set ownership continues to in-
erease appreciably,

“IPM listeners are loyal listeners; aver-
age hours of radio listening seem o
hold steadier for M than for AM, where
listeners have a choice.

“Distribution of FM about
cqually  divided  between  low  income
groups and high income groups, reaching
all socio-cconomice levels.

“Among numerous reasons given for
buying FM reccivers, 19.3 per cent are
exclusive  FM  characteristies, such  as
frecdom  from  statie, better receplion,
desire for FM programs.”

I recommend the reading of the NAB
reporl on this subject,

sets is

CC Chairman Coy, speaking at the

Annual Radio Conference on Station
Problems,  University  of  Oklahoma,
Mareh 14, made some very frank com-
ments of interest Lo broadeasters, and
to the industry in general.  They are
quoted in the following paragraphs:

The [conxial] cable width used at
present is about 2.7 me. The RCA sys-
tem requires about 4 me. An RCA color
signal passing through the 2.5-me. coaxial
emerges as a black-and-white signal. . . .

You and 1 will agree that color is a
delightful quality in our everyday lhife.
But let me assure you, with deep feeling,
that it is a hydra-headed animal when
it is considered in relation to television
today.

Color television is a matler of wheels
withinwheels, or, as WinstonChurehill said
of Russian forcign policy, “a riddle wrap-
pedin a mystery inside an enigmal™ L.

The country is far richer in technologi-
cal information today as a result of our
present hearings. There is no question
in my mind but what the Conunission’s
wilh color  have
moved forward the development of color
As a
member of the Commission | take pride
in the fact that we have been so dili-
gent in looking after the public interest.
1w sure that the result will be a far
better, far sounder and far more endur-
mg svstem of television than if we re
jected the considerations of color tele-
vision at the present time and left it to
chance 1o be developed at some unknown

actions respect  to

television by months and years

place in the speetrim and at some un
known date i the future. . | .

Last  fall,  the Southern California
\ssociation for Better Radio and TFele-
vision made a survey of television pro-
erams schedoled between 6 v A and

(Concluded on page 35)
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WHAT’S NEW THIS MONTH
(Continued from puge 34)

9 r. a1, on Los Angeles stations for one
week, It found no erime programs on

KEFI-TY, Here is what it found on the
other stations: 91 murders, 7 stage
hold-ups, 3 kiduappings, 10 thefts, +
burglaries, 2 eases of arson, 2 jail-breaks,
I murder by explosion of 15 to 20 people,
2 suicides, 1 case of blackmail. Cases of
assault and battery were too numerous to
tabulate. Also cases of attempted murder.
Much of the action took place in saloons.
Brawls were too numerous to mention,
also drunkenness, crooked judges. crooked
sherifls, crooked juries™

Ls it possible that broadeasters who
make such a fetish of surveys and audi-
enee reaction measurements  are over-
looking the most obvious and most etfec-
tive fact-finding technique of all: that ol
merely sitting down with representative
listeners and discussing matters frankly
and fully? 1 think that that would he
preferable to sitting cloistered in an
vory tower and trying to hunch audi-
enee reaction from charts and graphs. . . .

[ would like to close my discussion of
bad taste and erime programs on the
television and radio by quoting from an
observer and teacher of many years ago.
It is the Apostle Paul speaking to the
Corinthians: "Be not  deceived:  evil
communications corrupl good manners.”

REMOTES
(Continued from page 15)

they use vertical polarization.  Line-ol-
sight operation ix nol necessary in the

band from 150 to 170 me.
UHF Mobile Transmitters:

There 15 also a solid hlock of 20 channels
from £50.05 to £31.95 me. allocated to
mobile pickup transmitters,  The
61 equipment, similar i general ap
pearance to the units shown in Figs. 2,
B, and A0 is designed for that band. Line-
of-sight operation 1 generally required.
The power output of the transmitter is
15 watts, but the effective radiation can
be inereased substantially by the use of

model

a high-gain antenna.

RESPONSE & DISTORTION

(Continued from page 28)
pay

ticular operating conditions. At a fre-
queney of 327 eveles (the low—-Cy of the
organ) the transformer shunt reactance
would be wl = 2nfl. = 27 x 32.7 x 20 =
1,100 ohms.

At 200 volts plate-to-plate. the exeit-
ing current would be 200 £100 or 0,019
ampere which is more than the available

plate eurrent of the 2A8 tube. Distortion

April 1950
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MOBILE
RADIO

Test Equnpment

COMPLETE MATCHED BENCH

5348D 209AD

292XD

NEw FCC DECISION
LAST MAY CAUSED
MOBILE RADIO BOOM
Many additional systems
have been licensed with

hundreds of new units
olready in operation.

bench.

Mobile Radio Service Center, Erie, Pa

Safeguard your reputation and build sound
service profits in this fast-growing mobile field.
Start now, with a completely equipped HICKOK

See the HICKOK **Mobile Matched Set' at your
jobber's today.

With HICKOK equipment you can censistently
do better work in less time. HICKOK instruments
are used by thousands of top-grade servicing

technicians the world over.

/ -

would lhnl cven assuming the
tube could deliver such amount of cur-
rent. the third harmonic of transformer
exeiting current, usually about 178 the
fundamental current, would be of the
order of 0.016 ampere which, flowing in
the 2,000-0hm tube impedance  would
produce a distortion voltage of 32 volts
or 16°+ of the fundamental signal. Thus,
the transformer alone eould produce a
large distortion.  Note that the primary
mductance was chosen at suelt a valoe
that the shunt inductive effeet would
produce less than 8 db attenuation loss
al 82.7 cycles,

Evidently. then, a transformer must
be a ot better than would merely meet
the requirement of flat response down to

oeeur.

formerly FM, and FM Rablo-ErLecTrONICS

ELECTRICAL INSTRUMENT COMPANY
10530 DUPONT AVENUE
Finer Testing Instruments Since 1910

CLEVELAND 8, OHIO

a specified  frequency.  Apparently  at
least 10 times as much effective primary
inductance is necessary to limit distor
Lion to an acceptable value as would be
required merely to give a caleulated level
response curve,

H a speaker to be used in a system is
not responsive to low frequencies in the
neighborhood of 30 one might
think amplifier distortion at 80 cyveles is
relatively unimportant.  What will ac-
tually happen is that the speaker will
fail to reproduce the fundamentals, but
the distortion compenents will be prop-
agated the resultant  distortion
turns out to be not 16« but several hun-
dred or several thousand pereent.  The

(Continned on page 36)

cveles,

and
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RADIO
ENGINEERING
LABS., Inc.

PIONEERS IN THE CORRECT USE OF
ARMSTRONG FREQUENCY MODULATION

o

FanA S

Designed for Continuous Operation

as an emergency studio-to-transmitter link.

for use by a 3rd class radiophone operator.

available for immediate delivery.

50-W. FM TRANSMITTER LINK

REL model 695 mobile FM transmitter link comprises a
50.-watt transmitter incorporating the SERRASOID modu-
lator; power supply to operate from 115 V., 50 60
cycles, or 12 V. DC; a receiver of high sensitivity and
selectivity; and transmitting and receiving antennas.
Designed for continuous operation, even at high altitudes,
this link can be used as a remote pickup for special
events, regular remotes to eliminate wire charges, and

For use on the 11 channels authorized between 152.87
and 170.15 mc. Design complies with FCC requirements

At 100¢ modulation (60-k¢. swing) distortion including
receiver is less than 1'% RMS from 50 to 15,000 cycles,
with —60 db signal-to-noise ratio. Reasonably priced,

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

RADIO ENGINEERING
LABORATORIES, Inc.

TEL.: STILLWELL 6-2101 TELETYPE: N. Y.42816
36-40 37th Street, Long Island City 1, N. Y.

RESPONSE & DISTORTION
(Continued from page 33)

[ resulting  mtermodulation  distortion  is
clharacterized by that buzz-saw oulput so
wvpical of many sound systems.

In the example atove, no feedback
was assumed.  1f negauve feedback s
added, overall distortion is greatly re-
duced as long as the exciting current de-
manded by the transformer does not ex-
ceed the ability of the tube to deliver
such current. Bul when the tube quits

when the plate current bangs up
against a limit axis — there is no output
to feed back, and the resulting distortion
1s i~ great (relatively greater) with feed-
back as without feedback. With or
without feedback, the prime requirement
for quality 1s a good output transformer.
and 1L is noted that the good amplifiers
are all typified by having output trans-
formers which are highly developed and
usually expensive. Two  outstandingly
clean amphifiers, the Brook and Melntosh
designs, owe their extremely low distor-
tion at least in part to the output trans-
formers used. [t might be interpolated
that the experimenter and home con-
structor cannot expect to approach such
quality unless he is able to obtain similar
transformers

Loudspeaker Performance:

H a speaker is only responsive down to,
say, 90 cyeles, it would be well to atten:
uate frequencies below 90 so that the
[final stage, outpul transformer, and
| speaker will receive but little power be-
[low that frequency. Then the output
[ stage and transformer can contribute
only limited distortion, and the speaker
ttself will generate less distortion than
would be the case if it were fed power
[ heiow its operating range

Generally, the same reasoning which
applies to ampliiers is also applicable to
speakers.  The phase-response relation
is directly applicable. as is also the rela
tion between  transient response and
steady-state alternating current response.
In the case of multiple-speaker repro-
ducer systems, the delay difference be-
tween units affects the phase response.
This case i« not the equivalent of a mini
mum phase-shift system.

Low damping of a speaker will perniit
a peak of efficiency to occur at and near
its mechanical resonant frequencey. with
a peak of response and a slow decaving
transient at this narrow frequeney range.

[ Phase shift is very rapid near resonance.
[ Dinping of direet radiators is usually ac-
complished by absorbing the back EMF
of the speaker in the plate impedance of
i low-impedance amplifier.  Again, low
[damping permits large diaphragm excur-
I sion, giving rise 1o distortion caused hoth
(Concluded on page 37)

HlEY

AM « AM-FM

TUNING

MODEL
A-600

. (AC-DC)
ONLY

*512.85

BROADCAST SUPERHET TUNER
Tubes used are as follows:

1 — 12BE6 — Converter; 1 — 12BA6 — High
gain |F stage; 1 — 12AT6 — Diode detector,
and 1st audio; 1 — 35W4 — Rectifier.
Permeability tuned I|F transformers. Ap-
proximately 10 Volts audio output (high
impedance). Maximum output adjustable
in 3 steps or 10 volts, 5 volts, 1 volt.
Self contained 115 Volts AC.DC power
supply. Air tested and aligned. Output
cable 2V2 feet shielded. Attached 5 ft.
antenna. Size 4 x 4 x 5. APPLICATIONS:
Public Address Systems, Record players,
Wire Recorders, etc.

MODEL
A-710

FM-AM
TUNER

$31.30

For the first time in radio history, there
is really available a high quality FM-AM
tuner, designed for drift-free, realistic
high fidelity reception AT A PRICE THAT
PLACES 1T WITHIN EASY REACH OF THE
CUSTOM BUILDER, SERVICEMAN, MANU-
FACTURER, EXPERIMENTER, ETC.
12.TUBE MINIATURE FM-AM TUNER

TUBES USED ON FM: 1 — 6AG5 RF Ampli-
fier; 1 — 6BE6 Mixer-Detector; 1 — 6J6 Os-
cillator; 1 — 6AU6 IF Amplifier; 1 — 6AU6
IF Amplifier; 1 — 6AU6 Limiter; 1 — 6AU6
Limiter; 1 — 6AL5 Discriminator. TUBES
USED ON AM: 1 — 6BA6 RF Amplifier;
1 — 6BES Converter; 1 — 6BA6 IF Ampli-
fier; 1 — 6AT6 Diode (audio amplifier
commor to AM-FM).

Chassis dimensions: 812 x 538’’ high, 8’
deep. Net weight: 5V2 Ibs. Power re-
quirements: 170 V DC 20 MILS and/or
140 V DC. 37 MIL. 6.3 V. 4 AMP.

JOBBERS

Write Dept. F for New 1950 Edition
12-Page Catalogue & Jobber Net Prices

APPROVED ELECTRONIC

INSTRUMENT CORP.

142 Liberty St., Dcpt. P
New York 6, N. Y.
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RESPONSE & DISTORTION |

fContinued from page 36)

by non-linearity of the suspension and
non-lincarity of the field in which the
voice coil moves.

The best form of damping i~ that pro-
vided by acoustie loading. whereby the
cllicieney ix kept at a high level over the
entire operating range. The horn. as an
impedance matelhing device. when prop-
erly designed and nsed. provides damp-
ing in the form of radiation resistanee,
The resulting high eficieney permits the
driving amplitier 1o operate at relatively
jow power levels where distortion s
~mall.

Transient distortion v a speaker or
ciher transducer is difticult to analyze.
A pube excites the system and a deeay
or hangover veeurs at the resotmant fre-
quency or freguencies. But under steady-
state AC excitation. the ontput would
contain only input freguencies (in the
absenee of  harmonie  distortion).  To
inderstand the effeet, one may think of
the pulse as containing the sum of a
large number of Fourier components,
with the speaker or transdneer response
heing greater for some of these compo-
nents than for others. Whichever one
is excited to the greatest amplitude will
he the one which hangs the longest. In
this sense, transient distortion is a re-
sponse phenomenon, rather than being
related to the distortion which gives rise
to frequencies not originally present. As
a step pulse contains all frequencies, a
transient hangover al the speaker reso-
nance can not be said to he the prodne-
tion of a frequency not originally present.
But the transient hangover. due to low
damping. gives rise to large excursions
which carries the diaphragm voice-coil in
to non-linear regions of wmotion which, in
turn, produces amplitude distortion. So
it will be scen that a large hangover will
result in amplitude distortion even at
relatively low levels

Conclusion:

There is no deep mystery surrounding
the relations hetween phase. transient,
and frequeney response. nor between va-
rious types of distortion.  They are in-
terdependent, 1 the frequeney response
ix adequate and the distortion  (total)
within limits, phase and transient effects
are determined.
results, it may be necessary to extend the

For satisfactory overall

range and limit distortion an octave or
more beyond the range used. to eliminate
modulation products within the range
used. and to minimize phase and tran-
sient effeets in that range. 1t should be

noted that the best ampliiers exhibit a |

response range from about 3 to 45.000
eveles or more to keep the range from 30
to 16,000 as clean as possible.

Apri 1950

IMMEDIATE DELIVERY!/

No delays — Same-day shipment from stock on these
essential, precision-type television test instruments

ey

APPROVED ELECTRONICS MODEL A-460
FIELD

STRENGTH METER.
NET PRICE

$79.50

SWEEP SIGNAL GENERATOR

Clever and conservative design has pro-
vided all essential features for precision
TV alignment. Frequenecy range 2 to 60
me.. 20 to 120 me., and 168 to 227 me.
withoul switching. Sweep frequency of
60 cycles, variable in width from 0 to
12 me. Internal marker, 5 to 250 me..
eliminates need of extra generator.
Ample output for stage-by-stage align-
ment. Tubes: 6J6 variable oscillator.
6]J6 fixed oscillator. 6AU6 mixer. 6C4
cathode-follower. 6C4 variable marker
vscillator. 6C4 crystal oscillator. 7Y4
rectifier. Built-in power supply for 115
volts. 60 cycles.

APPROVED ELECTRONICS MODEL A-450
MARKER GENERATOR.

$59.50

NET PRICE

FIELD STRENGTH METER

[se the model A- 160 to measure strength
of TV signals. check efliciency of various
antennas. determine performance of
boosters. and measure receiver radia-
tion or interfering signals. Turret-Type
front end covers 12 channels. Tubes:
6J6 RF. 6]6 oscillator, 6J6 mixer, 6AK5
Ist IF, 6AU6 2nd IF, 1N34 diode de-
tector, 6AU6 amplifier. Built-in power
supply for 115 volts, 60 cycles. Six-in.
meter is calibrated in relative micro-
volts. 30 to 30.000. Guesswork is elim-
inated when you check performance of
a TV installation with the A-460 meter.

APPROVED ELECTRONICS MODEL A-400
SWEEP SIGNAL GENERATOR.
NET PRICE $79.50

MARKER GENERATOR

\ precision oscillator to provide modu-
lated or unmodulated markers. when
used with a sweep generator and scope.
The tunable oscillator, crystal oscillator,
or both spot audio and video pips for
checking bandwidth, and locating sound
or adjacent-channel traps. With a 4.5-
me. crystal, inter-carrier systems can be
aligned. Tubes: 6C4 variable oscillator,
6AU6 mixer, 6C4 cathode follower,
65]7 AL oscillator, 6C4 crystal oscilla-
tor, 6C4 AF bufler amplifier, VR150 reg-
ulator, 7Y4 rectifier. Built-in power
supply for 115 volts, 60 cycles.

You Can Be Certain That Any Of These Instruments W ill

Be Shipped The Day Your Order Is Received

GENERAL APPARATUS CO.

SOUTH EGREMONT, MASSACHUSETTS

World Radio Histol
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MOBILE RADIO NEWS
(Continued from page 21)

some comparative hearings now in the
offing. but would sound the death-
knell of service because it would auto-
matically limit each carrier to a single
channel.

At present, FCC is assigning only two
of the potentially usable four channels
because of inability of present equipment
to work satisfactorily in same area on
60-ke. separation. More intportant than
equipment limitations, however, is the
economies of the situation. All available
evidence now points to the need of two
channels for each carrier. This economic
essential can be  obtained simply by
permitling each of two carriers to ex-
pand on their adjacent channels as and
when equipment performance permits
such operation in same city. Each car-
rier would then work out his own
equipment replacement problems in or-
der to utilize the second channel.

It has also been suggested by the
sales manager of a leading manufacturer
that each of two LCC’s continue to
use his present channel for local service;
that the third channel be assigned to
both carriers for inter-city traftic; and
that the fourth channel be assigned to
first carrier demonstrating the need for
an additional channel for local commu-
nications.

This plan has much to recommend it.
Common inter-city channel use by all
carriers would insure inter-cily truckers’
service in every cily in the Country.

In addition to nation-wide availa-
bility of service, expense of two-channel
equipment would also be eliminated.
At the same time a very definite in-
centive, the second local channel, would
up service in his city.

Miscellaneous Notes:

President  “Truman’s  Communications
Poliey Board, headed by ¢x-FCC Com-
missioner Irvin L. Stewart, now presi-
dent of University of West Virginia.
has begun its overall study of frequency
uses by Government and industry.

Use of 420 to +60 mc. by Aeronauti-
cal Radio-Navigation Service has been
extended to February 15 1953, despite
National Police Radio Committee ob-
jection to further occupation of this
band by air service. It is hoped that
this is final extension.

Andy Ring must go through a hear-
ing before the FCC will decide whether
his company’s use of radio in the ad-
justment of directional antennas for
broadcast stations falls within “produc-
tion and construction” eligibility re-
quirements of Special Tndustrial Radio
Service.
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Here is your opportunity to
complete your files. The fol-
lowing issues are availcble at
25c each, postpaid:

1940: sold out
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1942: qall issues available
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returned.
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AM, FM,

UHF, VHF,
MICROWAVE,
TELEVISION
AND RADAR

Emsco guyed
triangular radio
towers are
enginecred for
high wind load
capacity, low
maintenance costs
and perfect
transmission
pattern . . . for
all types of
communication .
in all industrics.
Standard towers
available with
204", 3,5 or 14’
faces, heights

to 1000 feet and to
withstand 20, 30
or 40 pound wind
loads.

FREE BULLETIN

New Emsca Bulletin
F-173 gives camplete
infarmatian an Emsca
guyed triangular radia
tawers and Emsco
free-standing square
and triangular tawers
Write far yaur free
capy taday!

EMSCO DERRICK
& EQUIPMENT
COMPANY
Hauston, Texas

LOS ANGELES,
CALIFORNIA

Garland, Texas

Shawn here is an Emsca
20Y/2-inch face,
160-faat Type IRT
Emsca radia tawer

with 30-paund wind
laad rating.
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GENERAL CHARACTERISTICS

ELECTRICAL
Cathode: Coated Unipotential

Heater Voltage - - 6.3 volts
Heater Current - I.0amperes
Amplification Factor {Average) - - 100

Direct Interelectrode Capacitances (Average)
Grid-Plate - . a o

1.95 yufd
Grid-Cathode - . - 6.50 wufd
Plate-Cathode - 0.035 wufd

Transconductance
(i,=70 ma., E,=600 v.) (Average) 22,000 umhos

RADIO FREQUENCY POWER AMPLIFIER
Class-C FM Telephony or Telegraphy
(key-down conditions, | tube)
Maximum Ratings

D-C Plate Voltage - 1000 Max. Volts

D.C Cathode Current 125 Max. Ma
D-C Grid Voltage - - - — 150 Max. Volts
Peak Positive R-F Grid Voltage 30 Max. Volts

Peak Negative R-F Grid Voltage — 400 Max. Volts
Plate Dissipation - - - 100 Max. Watts
Grid Dissipation - - - 2 Max. Watts
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Follow the Leaders to
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/rusf The Power for R-F

ANNOUNCING

EIMAC TUBE TYPE

2C39A

PLANAR CONSTRUCTION
- HIGH-MU TRIODE

W

The new Eimac 2C39A triode is the culmination of over
five years of research and application engineering. It is
the outgrowth of earlier types 2C38 and 2C39.

Its high performance standards make it the standout
triode for VHF and UHF CW service, pulse service and
aircraft navigational systems.

As a power amplifier, oscillator, or frequency multiplier,
this small high-mu triode exhibits excellent character-
istics from low frequencies to above 2500 megacycles.

Let us send you complete data and application notes
on the new Eimac 2C39A triode . . . then consider the
advantages it offers in the design of compact, moder-
ate power-output equipment.

*Conforms with newly issued JAN specifications.

EITEL-McCULLOUGH,
San

INC.

Bruno, California
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California
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Another Engineering Achievement by Eimac
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