B 7:((1TH ANNOUNCES
@ Super-Sensitive FM-AM Radios

with Performance Superiority that makes Sales!

Again Zenith lengthens its lead over the
FM-AM field-—with new and better ver-

sions of the Zeniths that were already
the industry’s two best sellers. With
Zenith’s unrivaled Super-Sensitive FM,

they bring in a wealth of entertainment,

New Super-Medallion

Genuine Super-Sensitive Zenith-Armstrong
FM plus Zenith Long Distance AM —auto-
matic volume control —built-in Wavemag-
net* and Light-Line Antenna—cabinet of
beautiful maroon plastic with Roman Gold
mesh grille and tuning indicator.

Zenith 15

s/
No.l for 5

ZENITH RADIO CORPORATION, CHICAGO 39, ILLINOIS

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

Distance AM, big Zenith-built Alnico

speakers and other Zenith advantages.

New Super=-Triumph

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

Spraguc-Herlcc Cera-mite Capacitors are a “must” for modern
television circuits.

Now available in NPO and N750 temperature-compensating
bodics and in two different high-K bodies, Cera-mites mect
most application necds in the 10 mmf to 15,000 mmf capaci-
tance range.

These miniature capacitors offer set designers maximum space
cconomy, cas¢ of mounting, and improved very-high-frequency
performance.

The flat disc with uni-directional lead construction has min-
imum sclf-inductance and a higher sclf-resonant frequency than
a tubular design; hence improved v-f bypass efficiency.

Spraguc-Herlec Engincering Bulletin 6O1B gives the complete
list of standard ratings as well as performance specifications.
Write for your copy today!

* Trademark

s P n n G U E SPRAGUE ELECTRIC COMPANY
|N ® orth Adams, Massachusetts

PIONEERS

ELECTRIC AND ELECTRONIC DEVELOPMENT
THE HERLEC CORPORATION ¢ Milwavkee 3, Wisconsin

{Whally owned Sprague Subsidiary)

w

FM-TV, the JournaL of Rapio CoMMUNICATION




8

OCTOBER, 1950

NO. 10

COPYRIGHT 1950, by Milton B. Sleeper

CONTENTS

INDUSTRY NEWS
TV-FM-AM Set Production
Compiled from figures released by RTMA
Spot News Notes
Items and comments about people and companies . . . 6
What's New This Month

FCC decisions need not be technically right if they are
not legally wrong — Ad Hoc gobbledegook — Import-

ance of sound engineering . .. ... .. ... ... .. . .. .. 11
TELEVISION

Frequency Interlace Color TV

R.B.Dome .............. ... .. ... ... .. 12
Color TV As the FCC Sees It

From an address by Chairman Wayne Coy ......... 18

COMMUNICATIONS

Mobile Radio News & Forecasts

Jeremiah Courtney .. ....... ... .. . .. . . . 16
Fax & Telemetering

Claude A. Kettering & S. Franklin Montgomery . ... .. 17
High-Speed FM Facsimile

John V. L. Hogan & Carl V. Olson ... .. .... ... .. . 18

AUDIO SECTION

The FAS Audio System, Part 1

Milton B. Sleeper ... ... . .. .. . . . e . 22
Designs for Individualists

Philip C. Kelsey ........... ... .. ... . . . . . . 26
New Tuner Designs

F. A. Spindell . ... .. ... .. .. . .. . .. .. ... 30
Design Data for AF Amplifiers, No. 5

Roy F. Allison .. .. ..... ... . . . . . e 34

SPECIAL DEPARTMENT

Professional Directory 8
Special Services Directory 9
News Pictures 21
Advertisers Index 47

THE COVER DESIGN AND CONTENTS OF FM AND TELEVISION MAGAZINE ARE
FULLY PROTECTED BY U. S. COPYRIGHTS, AND MUST NOT BE REPRODVUCED
IN ANY MANNER OR IN ANY FORM WITHOUT WRITTEN PERMISSION

MILTON B. SLEEPER. Editor and Publisher

Rov F. Avuison, Associate Editor
CuarrLes FowLEr, Business Manager
LitLiaN Benbpross, Civenlation Manager
SopuI1E Forty, Production Manager
Published by: FM COMPANY

Publication Ofice: 264 Maiu St., Gt, Barrington, Mass, Tel. Gt, Barrington 500
Chicage Office: Louis Reinig, 176 W. Adams St.  Tel. Andover 3-3585
FM-TV Magazine is issued on the 10th of each nmionth,
Subscriptions: Should be addressed to 264 Main St,, Great Barrington, Mass.
Single copies 25c—Subscription rate: $6.00 for three years, $3.00 for one
year in the U. S. A.—Caunada, add 50¢ per year postage—foreign, add $1.00
per year postage.

Contributions will he neither acknow]cdfz_ed nor returned unless accompanied
hy adequate postage, packing. and directions, nor will FM-T1 Magazine he
responsthle for their safe handling in its office or in transit.

Entered as second-class mattey August 22, 1946. at the
of March 3, 1879. Additional centry at the Post O flice,

AUDIT

gl

Established
in 1910

The Sign of |
Quality (! '
%

D-HAMMARLUND

MULTI-GATE* Remote
Supervisory Controls
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Hammarlund Multi - Gate*
systems save 309% in leased-
line rental charges.

HAMMARLUND-HAMMARLUNI
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Hammarlund Multi - Gate
systems provide all-elee-
troni¢ remote controls over
either wire or radio circuits.
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ARLUND-HAMMARIUND
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Hammarlund Multi - Gate
systems perform any desired
number of separate fune-
tiomns, including manually-or
automaticallyv-controlled re-
mote transmitter switching,
monitor receiver seleection,
or any other remote fune-
tions.

UND.-HAMM

Hammarlund controls are
the only available equipment
featuring absolute immunity
to accidental operation by ex-
traneous sources. Optimum
operating efficieney is main-
tained through wide varia-
tions of line level, input bhal-
ance, impedance, noise and
line reflections.

Hammarlund Multi - Gate
systems provide for a mini-
mum of 2 “en’ and 1 ‘“off”’
functions, to a maximum of
420 separate and distinet
funections.
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Write for literature on
Hammarlund Seleetive Call-
ing, and Multi-Gate Remote
Supervisory Controls.
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ULY set production by RTMA mem- There’s no telling now how TV will be
bers showed a radical shift in trend, as  affected, but the 7-month average so far

indicated by the Barometer chart below.  gives a figure of £.5 million for the year.
The AM figure, after a steady rise to a A comparison of July production with
2-yvear high in June, dropped to the low-  the same month of 19149 shows:

est point recorded since the beginning of
19+7.  AM home and portable maodels
amounted to only 230,711, In addition,
there were 90,255 anto sets.

ADM 320,966 sets, up 9%
TV 253457 scts, up 219%
M 102,037 scts, up  3289%

' TV receivers were down to 253,857, 1t looks as if people are bheginning to

which is less than one-half the peak  appreciate the statie-free performance of

‘ figure for last March. I'M receivers during the summer months,

HOME OF HI-FI FM sets. however, rose to a new high  1f that is so. the baseball broadeasts,

- ) - for the vear with a total of 102,037 for  many of which are carried only on FM.
Featuring the famous Garrard watch-like

constructibn, this mew G A RR AR D the month. At the present average for  may be partly responsible for the fact
i[;lll{gulc'(‘}l]\?,lllllli}f t’r:)errf?or:'llgmxsi:ur:ft i:ti;l;ll\'-lsrc;:| 1950, this indicates that well over 1 mil-  that FM sales are continuing to climb at
types of records now in use, all specds. | | lion FM sets will be produced by the a faster rate than AM or TV,
A1 diameters, all sizes of spindle holes. | .. s ..
Once setting is made—action 1s completely vear-end.  In addition, there were 5284 Receiving-type tubes totalled 21.128.-
i‘l‘]‘é"’l‘;‘:‘icreg‘:ﬁg’ switch-off at the cnd of TV sets with FM tuning. 017. of which 14600533 went into new
RC-80, less cartridge .. ... .. $36.80 [ July production does not reflect any  sets, 6,015511 for replacements. 417.586
gﬁ ES'EI'F(I:LOEWPELI?JJ %:EG'((:I&GNECE $8.20 appreciable effeet of the military procure-  for export, and 9387 for Government
PRE-AMPLIFIER ..$9.38 ment program. [lowever, we can :llrcu(l_\' agencies.
RC-80C—same os RC-80 but with I recognize two sharp trends.  Set prices The trend to rectangular picture tubes
triple play crystal cartridge. . . $41.90 are beginning to climb and will be re-  and larger tubes continues. In July, +7%
' vised upward substantially by the year-  of those sold to set manufacturers were
. - . | end.  Also, despite RTMA assurances to reetangular types, and 8% were 16 ins,

the contrary. components are in short  or larger in xize. while 11% were 19 ins,

FR .,,’
| supply to the point where set production  orlarger. Salestomanufacturers amounted

— B | schedules may fall below projected levels. to 3EL9H0 units,

HIGH-FIDELITY ‘ g
~da
I o MONTHLY AVERAGES '<>“’.“-‘.§3'§N.'Q "
MUSIC GUIDE = o iiho sitee T g 3haada
1947: 1,361,900 14890 U SRO%8R
I 1948: 972980 72240 132500 < s @
by (= 1949: 532614 20158 72959 40543 3 39
1950 TO DATE: 715,612 380943 91,698 38758 S é
DAVID RANDOLPH | gt !
- FM 8 FM-AM 38855
| MONTHLY 8333 '“g <§
a ) AVERAGE ERE L] g
' . 3 -
A treasure book of ideas on how to build - N g
the perf.cct customn radio and phonograph ‘ 3 N
combination exactly as you desire it. No 2 ' EF
music Jover should be without this hook ' I‘ﬂj}ﬂ -
M APV ¥
. HI-FL AT ITS BEST | ! o Uit W hfll L L
§ 7 it i ‘ = IJMMJ SN JMM JSK JMM JSK
fc]cl' how casy it is to assemblc a high = AVERAGE MM SN MM S MM 00 FMAMY JAS OND
idelity  music  system  for as little as < 1947 w4 1948 >+ 1949+ 1950 FM & FM-AM -+
125.08. IL.carn the bhest way to  select o
components.  Note the many clever money I 4
saving installations  that can he made
with your existing furniture.  You can’t o ’
afford to be without this valuable David 2

Randolph Book. AND IT'S YOURS FREE! | ® f 7
Send for your copy today, |

Hadio Wire Television Inc. BB

6

100 Sixth Avenue, N. Y. C,, N. Y. o ng
110 Federal Street, Boston, Mass. S TV & FM-TV - 8
24 Central Avenue, Newark, N. J. AOERACE | <
" " m
GENTLEMEN ~ 2882628 Tl ger ekl b
Mease ~emd me a  free copy of Davul 2 e 7’-‘§')‘«§3§‘§
Randolph's  “Hi Fidehity Music  Guude" - L8888 H LI EER RIS -
NAME . I I
ADDRESS MM S R MM T N MM T S, JFMAM I JASOND MM ISR SN SN P A yF MAM S Ja sOND
s RESS < 1947 < 1948w« 1949 < 1950 AM s 4 1947  »< 1948 >4 1949 »< 1950 TVEFM=TV--»
CITY STATE

TV, FM, and AM Set Production Barometer, prepared from RTM A figures
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now [€ellelf tv for industry!

CLOSED CIRCUIT ' s
a
COLOR TV SYSTEM 1% a.A " o

llllt

ALLEN B. DU MONT LABORATORIES, INC.
7;47%»775 /% %7‘6;& ; m Television Transmitter Division, Clifton, N.J.
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NOW-TWO™ FULL WATTS |
ANTENNA POWER

Portable FM Radiotelephone

*PIZ-4 2-WATT 25-50 Mc
PJZ-14 1-WATT 150-175 Mc
PJZ-2 3,-WATT 25-50 Mc
PJZ-12 '5-WATT 150-175 Mc

The latest littlefone now gives
greater power output for maxi-
mum performance at increased
range, under FCC regulations.

Complete in one lightweight
unit, the littlefone includes a |
powerful 10-tube FM transmit-
ter, ultra-sensitive 12-tube re-
ceiver, self-contained recharge-
able storage batteries and
power supply . ready for
immediate 2-way communica-
Available in hand-carry
and back-pack models. i

tion,

““SQUELCH* Available
Dry Battery Operation Optional

/

RADIO, INC.

Builders of Precision
Radio Communication Equipment
7421 S. LOOMIS BLVD., CHICAGO 36, ILL.

THIS MONTH’S COVER

One thing is certain about the
FAS audio system: its performance
will stir up wide controversy among
the experts. Whether majority opin-
ion will be fuvorable or not, only
time will tell. llowever, enthusi-
astic agreement Is expected on one
poinl, This system opens up a wide
range of new ideas for the arrange-
ment of speaker installations in
custom  radio-phonograph  installa-
tions. Credit for this goes to Edmund
Flewelling, whose picture appears on
this month's cover.

SPOT NEWS NOTES

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

TV Color at FCC Deadline:

Reaction to FCC undertaking to foree
immediate inclusion of bracket-standard
circuits in TV sets had met with opposi-
tion ranging from passive resistance to
vigorous protest. Plan has the odor of
government planners’ do-good ideology.
Undercurrent of think-
ing: You can throw blue-books at the
broadeasters, but radio research, devel-
opment, and production are still run by
private industry. Unless FCC  backs
down, it may find itself high and dry on
both practical and legal difficulties, be-
cause the bracket-standards-or-clse edict
would foree the public to spend $40 to
$50 extra for receivers that would not
give any improved performance, but only
add  degraded black-and-white  recep-
tion of color programs they might not
want if they were on the air, only they
aren’t, and there’s no teiling if or when
they will be!

manufacturers’

1951 NAB Conference:

Will open April 16, with engineering and
management sessions to be held simul-
taneously.
expense and time.

Plan will save considerable

Height of Understatement:

)

Amphenol Engineering News, listing
some of the things the public does not
know, and is not being told: “That the
advertisements for indoor antennas may
not mean what they say.”

Communication for Civil Defense:

Plans to coordinate broadeast and radio
communication facilities are set forth in
a 162-page book entitled United States
Civil Defense.  Copies ean be obtained
from the Government Printing Ollice.
Washington. D. C., at 25¢ each. Release
of this report has created a tremendous

demand for our Registries of Common
Carrier and Industrial, Public Safety.
and Transportation Serviees, sinee these
are the only complete listings of those
systems.

Phonevision Tests:

Zenith has asked permission of FCC to
delay  start of phonevision tests until
November I, in order to obtain suflicient
number of good films for the full 90-day
period.  Opposition by theatre operators
has led to refusal by most producers to
rent films for phonevision
favorable developments have led to re-
newed negotiations for suitable films.

However.

John J. Miller, Jr.:

Appointed chief engineer of television
and radio rescarch and engineering of
Bendix television and broadeast receiver
division at Towson, Md. lle joined
Bendix in 1947,

UHF Technical Session:

Kansas City section of the IRE will hold
a two-day session on U applications
and techniques at the President Hotel,
Kansas City, November 8 and 4. Papers
will cover transmitlers, receivers, an-
tennas, television, and test equipiment.
Conference chairman is J. 1. Van Hern,
Box 5837, Kansas City, Mo.

Management Changes:

W. D. Loughlin elected chairman of the
hoard of Boonton Radio Corporation.
with Dr. G. A, Downsbrough as presi-
dent and Dr. D. M. Hill vice president
in charge of research and development.

Chicago Parts Show:
The 1951 Show will be held at Hotel
Stevens on May 21 to 23, During the
three days, the exhibition hall and dis-

(Continued on page §8)
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* BENDIX-SCINTILLA

ELECTRICAL CONNECTORS

SHELL CONTACTS SCINFLEX % ONE-

High strength alumi- High current capacity PIECE INSERT

num alloy . . . High .+« .Llow voitage drop Highdielectricstrength
resistance to corrosion f . . . No additional . « . High insulation
... with surface finish. solder required. resistance.

e V... PRESSURE TIGHT SOCKET
PLUS ALL THESE OTHER FEATURES CONTACT ARRANGEMENTS!

Moisture-proof

Radio Quiet

Single-piece Inserts
Vibration-proof

Light Weight

High Insulation Resistance

Outstanding design and fine workmanship,
combined with materials that meet the re-
quirements, assure the splendid performance
of Bendix-Scintilla “‘pressurized’ electrical
connectors. These units include both pin and

socket arrangements for «// sizes of contacts.
Easy Assembly and Disassembly
Fewer Parts than any other Connector * SCINFLEX diclectric material is a
new development that assures unequalled
insert performance. It is available only in
Bandix-Scintilla Electrical Connectors.

No additional solder required

Write our Sales Department for detailed information.

" BENDIX
SCINTILLA)

A
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. . SPOT NEWS NOTES . .
Professional Directory T e— Professional Directory

play rooms will be open from 10:30 A M.

}améy &[?a,-/éy, | to G:00 AL | McNARY & WRATHALL

TV Receiver Plant: | | o gL TING RADIO ENGINEERS
\.\'t-stinghousc has p’ur(-lmsc(l a 50-acre v v v
site at Metuchen, N. J., 27 miles from |

Consulting Radio Engineers

EXECUTIVE OFFICES:
970 National Press Bldg.,

906 National Press Bldg. DI. 1205

Washington 4, D. C. ME 5411 New York City, for the construction of | Woshi c
OFFICES AND LABORATORIES: a television receiver plant of 400,000 ashington, D. C.
Iaamﬂsl;.s;cnogr;i': }évg" CNW AD 2414 square feet. The factory is scheduled for 1407 Pacific Ave. Phone 5040

oceupancy by April 1, 1951. About 3,000 Santa Cruz, California
workers will be employed. of whom 60¢¢

Member AFCCE

will be women. Present receiver produe-
tion at Sunbury, Pa.. will be eontinued.

GARO W. RAY Editor’s Face Was Red: KEAR & KENNEDY

Imagine our dismay when we read on

CONSULTING RADIO ENGINEERS l the cover of the September issue that an Consulting Radio Engineers
- g artiele on microwave facsimile was fea-
Standard, FM and Television Services s I A . - ——
tured within! What happened was that 1703 K St.. N.W, STerling 7932
HILITOP DRIVE the FCC announcement on color TV I

came when the September eover and all | Washington, D. C.

but one inside form were off the press.

STRATFORD, CONN. Tel. 7-2465

In order to get in that very timely re-
port, we held up the two facsimile articles

ANDREW ALFORD which appear in this issue!  We are sorry

that our front cover misled you, but we

GEORGE P. ADAIR

Consulting Engineers

Consulting Engineers were glad that we could give you the full
ANTENNAS & RF CIRCUITS text of t.ho FCC’s announ(:('mcnt so long Radio, Communications, Electronies
before it could appear in any other
ELERGHED CRC LG monthly publication. 1833 M St., N.W., Washington 6, D. C.
299 Atlantic Ave., Boston 10, Mass, e ? ? ’
Phone: HAncock 6-2339 Facilities Moved East: EXecutive 1230
Link-Vetric motorcyele eommunication
- equipment is now being manufactured in -
New York City. The plant at Alhambra,
D A I- E P 0 I- I. A C K Calif., will be operated as a serviee eenter RUSSELL P. MAY

for the west coast area, under the direc- CONSULTING RADIO ENGINEERS
tion of Johnny Rothrock.

FREQUENCY MODULATION

development and research .. * k%
. . FCC Commissioner Hennock:
transmitters, receivers 1422 F Street, N\W., Wash. 4, D. C,
communications systems Quoting from Dr. Harry Overstreet’s Kellogg Building Republic 3984
Dayton Road Waterford, Conn book. The Mature Mind: “Radio has
G : i | its f la. Wi | - Member AFCCE
New London 2-0760 ound 1ts tformula. wereas the news-

paper has found its vested interest in

catastrophe, radio has found it in medi-

ocrity.”
) . . RATES FOR
GEORGE C. DAVIS | IO-V\"att Educational Statlm.ls: PROFESSIONAL CARDS
Consulting Radio & Television Will be relieved of the burden of main- IN THIS DIRECTORY

taining a licensed operator at the trans-
mitter when it is remote from the studio,
under an FCC Rule proposed by the
Commission. Comments on this proposal
should be filed before November 13.

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

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

HF Measurements Conference:

Will be held at Washington on Januvary
AMYIACEVES&KINGII"C' 10 to 12. sponsored by TRE, ATEE, and lY N N E c . S M E B Y

Specialists in the

the Bureau of Standards.  Sessions will

Design and Installation of | be held at the Department of the Interior | C /
HIGH-GAIN auditorium. with Hotel Statler as confer- | onsu I‘”?
AM, FM, and TELEVISION i ence headquarters,  Program will inelude | /eazlio é)n ineers
ANTENNA SYSTEMS 25 outstanding papers, a spectacular | 4
demonstration. and inspection of scien- 820 13th St.,, N.W. EX 8073

LOngacre 5-6622

ific institutions. P s will deal wi WASHINGTON 5, D. C.
11 West 42nd St., New York 18, N. Y. tific institutions. Papers will deal with SHIN

(Concluded on page 9)
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Professional Directory

WELDON & CARR

WASHINGTON, D. C.
1605 CONNECTICUT AVE.

DALLAS, TEXAS
1728 WOOD ST.

SEATTLE, WASH.
4742 W. RUFFNER

N/ICINTOSH—

N GLIS

Consulting Radio Engineers

710 14th St. NNW., Wash. 5, D. C.
MEiropolitan 4477

ANTENNA
EQUIPMENT
SPECIALISTS

o

CORPORATION
363 EAST 75th STREET . CHICAGO 19

HAROLD M. HEIMARK

Communication Engineers

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

734 N. Austin Blvd,

Chicago phone
Oak Park, lllinois

Estebrook 8-7047

MEASUREMENTS

CORPORATION

Research &
T

manu/aclum’ng
Specialists in the Design & Development

ngi neers
of Electronic Test Instruments

BOONTON, N. J.

THE WORKSHHOP
ASSOCIATES
INCORPORATED
Specialists in
High-Frequency

Antennas

135 Crescent Rond
Needhnm Heights 94, Mass.

NEedham 3-0005

! tee, Dr. Harold Lyons; Dr. Frank Gafl- |

SPOT NEWS NOTES
(Continued from page 8)

bands from HF through EHF, and will
include video measuring techniques.
Chairman is Prof. Ernst Weber; chair-
man of the loeal arrangements commit-

ney is chairman of the papers committee.

TV Network Expansion:

Added coaxial cable and radio relay facil-
ities which went into operation on Sep-
tember 30 raise the total TV network
mileage to 17,000 miles. Now included
are Greensboro, Charlotte, Jacksonville,
Atlanta, and Birmingham in the south-
cast; Indianapolis and Louisville in the
central area; and Rock Island, Daven-
port, Ames, Omaha, Kansas City, Minne-
apolis, St. Paul in the west central area.

Stable Carbon Resistors:

Bell Laboratories has developed a tech-
nique for producing carbon film resistors
of very high stability and low tempera-
ture coefficient. The element boron is
added to the carbon in the pyrolytic
process of depositing a film on the
ceramic core. Temperature coefficients
comparable with or smaller than those of
wire wound units of the same resistance
values have been obtained. Details of

the pyrolytic process were deseribed in |

FM-TV, February, 1919,
TV Equipment:

A very interesting line of TV and asso-

| ciated equipment is detailed in a new

catalog from Polarad Electronies Cor-
poration, 100 Metropolitan Avenue,
Brooklyn +. Units include cameras.
camera chains, monitors, monoscope for
receiver testing, distribution amplifier,
and a radio cue system for studio use.

Comparison of TV on VHF & UHF:
Authority has been granted by the IFCC
for 90-day VHF-UHF tests at NBC's ex-
perimental station at Stratford, Conn.
Station KC2XAK will transmit on UILTL,
and a temporary transmitter will he

operated on channel No. +.
RADIO-

lm ELECTRONICS

SALES AND SERVICE REPORTS
PUBLISHED BY MILTON B. SLEEPER

Mailed on the 1st and 1S5th of the
month. An essential business service
to the Radio Industry.

Twice monthly, except July.
Annual subscription $5.00

FM COMPANY

Great Borrington, Mass.

i

| Audio Equipment Directory

1

Tel.

16-MM Professional Motion Picture
Production Equipment

J. A. MAURER,

37-07 31st Street,

Inc.
long lIsland City 1, N. Y.

STillwell 4.4601

and consvulting

Klipsc

Hope, Arkansas

Paul W. Klipsch

Professional Engineer
Acoustic development

h and Associates

building the authentic

KLIPSCHORN

world’s finest sound reproducer

Tel. Hope 995

“Your F
10

EVANS RADIO

riendly Supplier”’

Hills Avenue

Concord, N. H.
Phone 1702

GRICE RADIO & ELECTRONIC

SUPPLIES

358-62 E. Wright St.
Pensacola, Florida

Write in, or come in and see our hi-fi displays.

AUDI

FLAGLER

Miami

Latin America Headquarters

for

“WHOS WHO” IN HIGH QUALITY

O EQUIPMENT

HABLEMOS ESPANOL

RADIO CO. INC.

36, Fla. E.U.A.

2020

Kenyon Radio Supply Co.

14 5t., N. W,

Washington 9, D. C.

Carson A. Andrick
Columbia 3161
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Jack Zarder, Director of Anima-
tion, and Williom S. Nemeth,
Cameraman, bath of Transfilm
Inc., team up with a Mourer 16
to work out camera effects for a
slide motion picture.

At Transfilm Incorporated. where animated motion pictures and slide films are
produced in volume. hair-line @ccuracy is of utmost impuortance. Inevitably, thi-
feading commercial film company selected Maurer as the 160 mm. camera that best
supplies this vital qualily.

I Vlaurer VERSATILITY they found wecurate registration of each individual frame.
along with precise high-power focusing and large clear direct-thraugh-the-fens
viewing,

In Maurer DEPENDABILITY they found consistently accurate performance under ali
conditions. insured by years of rigorous testing by top industry technicians.

And in Maurer EXCLUSIVE FEATURES, such as the 235° dissolving <hutter. they

found fast aecurate changes of exposnure while shooting,

Because it meets o many varied needs. more and more producers like Transfilm
are turning to the Maurer 16 mm. as the ideal camera for every phase of profes-
sional motion picture production.

tor details on these and other exelusive Maurer features, write

The Maurer 16 mnm., designad specifi-
cally for professiomal use, is equipped
with precision high-power focusing and
the finest view-finder made. Standard
equipment includes: 235° dissolving
shutter, automatic fade control, view-
finder, sunshade and filter holder, one
400 foot gear-driver film magozine, a
60-cycle 115-volt synchronous motor,
one 8-frame hasacrank, power cable
and a lightweight corrying case.
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WHAT’S NEW THIS MONTH

FCC DECISIONS NEED NOT BE TECHNICALLY RIGHT IF THEY ARE NOT LEGALLY
WRONG - AD HOC GOBBLEDYGOOK - THE IMPORTANCE OF SOUND ENGINEERING

OU may feel that the FCC hearings
on television are so complicated with
legal technicalities and politieal pressures
that yon might as well forget the whole
affair until the Commission makes up ils

mind and announces its final decision,

And no wonder!
complex and specialized that a lawyer.
whatever his other qualifications, can-
not represent a client before the Com-

FCC procedure is <o

mission unless he is a member of the FCC
Bar Association.

Iowever, there is one basic aspect of
the Communications Net, under which
the FOC was ereated, that yon can and
~shonld understand, beeause then you will
why decisions involving highly
technical matters are decided by the
Commission’s Legal Department and not
by the Engineering Departiment, and 2)
how 1t happens that these decisions are
sometimes e conflict with facts
kuown to the radio industry

Thi~ situation was explained for the

see 1)

well

first time in a simple and coneise manner
by Commissioner George E, Sterling in
an address at the West Coast Conven-
tion of the IRE on September 15, To be
swre. Commissioner Sterling’s purpose
was not to show why FCC decisions need
not be sound or even factual from the
engineering standpoint, We are sure thal
that was definitely not the intention, he-
canse we strongly suspect that his ad-
dress was preparved in the Legal Depart
ment of the FCC, We hold that opinion
bhecause the full text is devoted to a
labored justification of the involved pro-
cedure by which decisions are reached.
But sce what startling information comes
ont of Commissioner Sterling’s address
when it is hoiled down to certain signif-
icant paragraphs, e said:

“Much as we might wish it at times,
the Commission’s decision is not the final
word.  The statute provides a specilie
method of appeal to the Court of Appeals
for the District of Columbia.
the Commission’s decision by that conrt

Review of

15, however, mited to questions of law,
Findings of fact by the Commission, if
supported by substantial evidenee, are
conclusive unless  elearly  arbitrary  or
caprictous,”

The foregoing was taken from his in-
troductory remarks,  Now let us skip to
the latter part of his address:

“While the limited appeal given to
those  adversely  affected by deci-
sions is a flattering tribute to the Com-

and  skill,

our
mission’s technical experience
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it alse imposes a higher standard of eare
upon us, I all fact questions could be
reviewed in detail by the Court of Ap-
peals, we might well toss off decisions
with a highthearted air, knowing that the
Court was always there to hit the pitehes
we ”li.\h('(l,"

There, for the first time, we have an
oflicial explanation of the power of the
1°CC under which the Engineering De-

partment can Tabricate “substantial evi-
denee™ Lo support findings of facts wlich
are nol subject to appeal in any court!

In other words, as long as the FCC
cannol be challenged as to questions of
law, 1 1s free Lo predetermine its conchi-
sions, and then manipulate the conduet
accepting and rejecting
testimony to produce the substantial evi
dence required, and still not
borderline of “elearly arbitrary or capri-
ctons” conduet,

At the same time, there is no arguing

of hearings hy

cross the

against  Commissioner  Sterling’s  state
ment that "I all fact questions could be
reviewed in detail by the Court of Ap-
peals, we might well toss off decisions
with a lighthearted air, knowing that the
Conrt was always there to hit the pitches
we missed.”

But there is nothing in the Commis-
~sion’s record over the last ten years to
confirm the assertion that “the limited
appeal given to those adversely aflected
by our decisions is a flattering tribute to
the Commission’s  technical
and <KiL™ As we read it it only confirms

experience

our opinion that the whole address was
produced in the FCC's Legal Depart-
We don’t believe that Commis
stoner Sterling could have written that,

ment,
even with his tongue in his cheek!

T 't necessary to reach into history
for an example of “substantial evi
dence”™ produced to meet the require-
ments of the Legal Departinent. Cone
sider Volume T of the Ad Hoe Connnit-
tee’s data on propagation in the TV band.
st released by the FOC,

The Ad Hoe Report is to he the corner-
stone of VHEF and UIF television alloca-
tion and 15, therefore, essential to steps
which must be taken to end the freeze.
The failure
multi-billion-dollar industry depends on
the wisdom and foresight represented hy
this Report. Yet it was only endorsed
without reservation by Committee Chair-
man Edward W, Nlen, Jr. and six of the
Seven members endorsed the

SUCCess or of a projected

members,
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Report withe reservations and three de-
chimed to endorse it at all,

Raymond Wilmotte and Dr. Frank
Kear slated in their reservation that “the
presentation and the ealeulations are
our opinion =0 complex  that too few
practical engineers will be able to make
correet use of the material.”

Dr. Thomas J. Carroll. physicist at
the Bureaw of Standards, wrote: " Rarely
had  the
study careflly such a mass of confused
sobbledygook  as Vol 11, purportedly
relating to radio propagation.”

It hasn’t been mentioned publiely he-
fore, but Kenneth Norton, who was re-
sponsible for much of what Dr. Carroll
called gobbledygook, based his work on
certain references supplied by the Bureau
of Standards. Dr. Condon, Director of
the Bureau. repudiated those references
m oa letter to Edward Allen, Jr., dated
July 190 1650, and explained that the
references used in the Ad Toe Report are
being reviewed and revised, and derive
no validity from the Bureau until they
hiave been pablished as publie docnment s,

Panl dedMars wrote: “In my opinion.
the techmical treatment of the subjects of
hese references is scientifically unsound,

have 1 occasion  to try to

and contain assumptions of questionable
validity,”

How can the Federal Communications
Commission accept such a document as
a basis for national planning of TV fre-
quencies when some of our leading propa
galion experts confusing
that it will lead to “no results readily
applied in practice™  Does the Commis-
sion expeet to understand what the ex
perts find confusing?

The answer is that the FCC can main-
tain that the Report constitutes -
~tantiad evidence.”  The Report s not
“clearly arbitrary or capricions.”

Therefore, since it is definitely unelear
and confusing, it is exactly what the
Legal Department wants, it confuses
the experts, 1t ean be interpreted to sup
port decisions made in advance of any
hearing,  And that practice, we firmly
helieve, has heen followed by the Com-

consider it so

‘suh-

misston on various oceasions in the past.
Now, preparing to allocate TV fre-
quencies in the VHEF and UHEF bands.
the Commission has in the Ad Toe Re-
port “substantial evidence” with a two-
way streteh that ean be adjusted to cover
whatever position it chooses to take on
any question of channel assignments.
(Continued on page 37)
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FREQUENCY-INTERLACE COLOR TV

REPORT ON A PROPOSED SYSTEM OF COMPATIBLE COLOR TELEVISION WHICH
ISNOW UNDER DEVELOPMENT AT GENERAL ELECTRIC COMPANY— ‘ByR.B.DOME*

NY system for the transmission and

reception of images in natuaral color
by television in the same frequency
bandwidth as is employed in a mono-
chrome system must in some way at-
tempt to transmit up to three times
as much information as is contained
in the monochrome channel.  This pre-

varying from two to three times the time
required to transmit a monochrome pic-
ture of equal definition. A longer elapsed
time, however, means that the flicker
problem may become a serious limiting
factor.

Viewed from the economic standpoint,
time-division multiplex is not too at-
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Figs. 1 and 2. Green and red signals as transmitted and at output of 2nd detector

mise is based upon the assumptions
that at least three primary colors are
employed in the color composition, and
that substantially the same over-all
picture definition or detail is to be por-
trayed at the receiver.

Since there are in effect three messages
to be transmitted. some method of multi-
plexing must be devised if the objective
is to be realized. There are in general
but two means available for multiplexing,
namely time-division multiplex and fre-
quencey-division multiplex.  In a time-
division multiplex system only one mes-
sage is dealt with at any given instant.
The rapidity with which messages, or
colors, are switched in rotation may vary
over very wide limits.  The longest in-
terval of time devoted to one color may
be as leng as one complete field of sean-
ning. an intermediate interval corre-
sponding to the length of time required
to transmit one scanning line may be
the next logical switching interval.
Finally. a very rapid switching may be
used wherein only a small portion of a
line. such as a dot. forms the switching
interval.  Any one of these three choices
may form the basis of a system of color
television.  Each of these systems has
its own attendant problems, In general,
however, it may be stated that all of
these systems require a total elapsed time

*Electrical Consultant, Receiver Division, Gen-
eral Electric Company, Electronics Park, Syra-
cuse, N. Y. In snbmitting this report to the
FCC on July 24, G, E. vice president Dr. W, R.
(. Baker said: ‘‘l reeognize that it is rather late
to submit for econsideration a new system of
color television, Unfortunately, however, re-
scarch and development cannot be  scheduled.
otherwise we would have presented the system
at the recent hearing. In any event, the fre-
quency-interlace system of ecolor television ap-
pears to have such outstanding potential advan-
tages as to iustifv serions consideration even
At such a late date”
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tractive. The receiver must be equipped
with suitable gating apparatus to switch
the incoming information into the correct
reproducing channels. Means must also
be provided for identifying which of the
three colors is being transmitted at any
given instant so that at a given instant
the correct color is reproduced. These
two functions add to the complexity of

Fig. 5. Possible blue subcarrier positions

the receiver and tend to make it less
attractive as an article of merchandise
because of increased price, less reliability,
and greater difficulty of adjustment.

An examination of the possibilities of
frequency-division multiplex therefore
seems to be in order. If the bandwidth

the rate of transmission of the entire in-
formation would have to be slowed down
to one third that used in monochrome.
This could be done. of course, but the
flicker problem would enter and would
be a serious limiting factor to commer-
cial acceptance. A way should. there-
fore, be sought to transmit the three
messages simultancously in the same fre-
quency spectrum. This method forms
the basis of the system to be described.
and which has been given the name
“Frequencey-Interlace Color  Television
System.”

Nature of Frequency Interlace:

As the name Frequency Interlace im-
plies, the frequencies employed by the
three messages are sandwiched so as to
he non-interfering.  This can be done
in scanned information systems such as
in television because it has been found
that the video frequencies associated
with a television signal are bunched
around harmonies of the line frequency
and that a large part of the available
speetrum s unnsed. It has been esti-
mated that about 16% of the space
between harmonics is not oceunpied!.
Suppose the video frequency  band-
width available is 4+ me. Furthermore,
let it be assumed that scanning frequen-
¢ies compatible with monochrome tele-
vision are to be used. namely, a vertical
or field frequency of 60 per second. and

a line rate of 15750 per second. This
results in the standard 525-line system
employing two-fold interlace.  Suppose

that the three primary colors to be used
in the system are green, red, and blue.
At the camera. the eomposite picture
being televised is split by electro-optical
means into three separate groups of sig-
nals associated with the three primary
colors. Each channel may contain fre-
quencies extending up to 4 me. The
signals associated with the color green
may be regarded as the basic signals,

0 1 R 8 1“A Theory of Scanning and Its Relation to
i H H S T q &
dv‘l.lldh‘? f()r. t.he t(.le”Slon Slgnal AR the Characteristics of the Transmitted Signal
arbitrarily divided into three equal seg- in  Telephotography —and = Television,” = Pierre
Mertz and Frank Gray, Bell System Technical
ments, one for each message, or color,  jourual, Vol. X111, No, 3, July, 1934
M
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Fig. 3. Spectrum in red subcarrier vicinity. Fig. }. Red in green signal cancels
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and can be used to modulate the picture
carrier in the same manner as in a mono-
chrome transmitter.  Since the line fre-
queney is 13,750 eveles, it will be found
that  the sideband energy s chiefly
hun( ‘hed at frequencies spaced from the

arrier by 15750 eycles, 81500 eycles,
-17.‘250 evcles, and so on out to + me. It
is planned to use the spaces between
these harmonics to transmit the infor-
mation associated with the two remain-
ing colors,

Green and Red Interlace:

The video frequencies associated with a
secoud color, for example red, can be
utilized as modulating frequencies for a
video frequency subecarrier. ‘This sub-
carrier frequeney is carefully selected to
lie exactly midway between two har-
monics of the line frequency or, in other
words, at an odd multiple of half the
line frequency. 1alf of 15750 Cpes. s
7875 cps. oso that a frequency of
3.583,125 cycles, the 455th multiple of
7.875 cycles, may be selected. This sub-
«arrier is modulated with video signals
of the red channel, and the modulated
wave is superimposed on the green chan-
nel signals. It is evident, then, that the
red video signals will lie halfway between
green signal line-frequency harmonics,
in unused parts of the spectrum. The
entire red spectrum is not used as modu-
lating frequencies, since a number of
investigators have found that acceptable
color reproduction can be obtained by
identifying only the lower video fre-
quencies  with their respeetive colors,
The higher video frequencies can be
transmitted either by green alone or by
the mixed highs principle. Good repro-
duction will be obtained if red is trans-
mitted as red out to only 1 me. Further-
more, use can he made of vestigial
side-band transmission of the red signal,

so that the lower side-band is the domi-
nant one. The spectrum of the combined
green and red signals can, therefore, be
as shown in Fig. 1.

This signal can be received by a con-
ventional monochrome insofar
as the RF, IF, and 2nd deteetor are con-

receiver

cies. Such a filter would probably he
too expensive for home receivers because
of the large number of sections indicated.

Fortunately a cheap natural filter is
available in the form of the human eye.
The satisfzctory operation of the system
depends tc a considerable extent on the

cerned. The video frequency spectrum  physiological phenomenon known as the
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Fig. 7. Detailed diagrant of a practical receiver for the frequency-interlace system

out of the 2nd detector would then be
as shown in Fig. 2

A more detailed view of the frequency
speetrum in the vieinity of the red sab-
carrier 1s shown in Fig. 3

Visual Separation of Green & Red:

The way in which the signals associated
with the two colors are interleaved s
now clearly revealed. 1t is
to provide some means at the receiver
for separating the signals for portrayal
of the correet color on the picture tube.
One way of accomplishing this would be
to employ an elaborate wave filter hav-
ing multiple passbands for the desired
frequencies.  and  multiple  elimination
bands to exelude the undesired frequen-

neeessary
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Fig. 6. Color section of simple receiver for use with frequency-interlace system
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persistence of vision. It will be observed
that any cne line of the green television
picture will be modulated in intensity at
the rate of the red subearrier, but that
two fields later in time, namely, in 1780
of a second, the modulation effect will
he 1807 out of phase with the modula-
tion of the first ficld. Thus a lighter dot
on ficld No. 1 will appear as a darker
dot on field No. 3,
that in the eye the mean illumination
tends to average out.

This principle is illustrated in Fig. 4
in which are depicted light intensities
along a single green line in field No.

and vice versa, so

and in field No. 3. The sine wave is the
red subearrier  simultancously present,

and is skown here to be amplitude
modulated by low-frequency red picture
signals. If the eye were a perfect long-
time integrator, the visual sensation
would be given by the line marked mean
intensity which corresponds in this case
to the desired green signal. The repeti-
tion rates involved here are not fast
enough to give perfect integration. but
the practical result is believed to be suf-
ficiently close to the ideal to be commer-
cially acceptable. Morcover, the super-
position of fields yields twice the number
of dots per line as one field alone gives,
so that a very fine dot structure results:
its fineness is comparable to horizontal
scanning line structure and disappears at
substantially the same distance away
from the picture tube that normal line
structure disappears.  Thus, although
both the red and green signals appear on
the green gun, the red is effectively fil-
tered out by the eye and only the green
rereains,
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The information contained in the red
camera signal above 1 me. and up to +
me. ean be superimposed on the green
signal to vield a mixed-high si
I mc.

enal above

Addition of Blue Signals:

The video frequencies associated  with
the third color. blue, can be transmitted
second  subearrier.
Again, as in the case of the red s
only the lower biue frequencies need be
transmilted, so that a comparatively nar-
row channel shonld suffice. A blue video
band up to 2 me. may be suflicient. Fig.

as modulation on a

ls,

5 shows several alternative possible lo-
cations for the biue subearrier. Tt is not
known at this writing which one of these
various methods is likely to provide the
hest all around  performanee. Consider,
for example. the third alternative in
which the red subcarrier is shown moved
down to about 3.2 me.. or to 3189375
me.. the 405th multiple of 7,875 eycles,
while the blue carrier may be located
Just under 1 me., at 3.898125 me., the
£05th multiple of 7875 eveles. (The
318957 5-me. ~signal can be derived from
the $.898125-me. signal by dividing the
latter by 11 and then multiplying the
(quotient by 9.

Again, as was the ease with red and
areen. the blue signal appearing on the
green gun is effeetively filtered out by
the eyve, as are the green signals appear-

the reproducing means to produce black-
and-white fine detail. Alternatively. blue
and red highs can be added to the green
chanuel at the transmitter and taken off
from the green video channel in the re-
ceiver lo feed the blue and red guns as
well as the green gun. The cutofi fre-
queney of the high-pass filter would be
seleeted at approximately the cutoff fre-
queney of the red channel low-pass filter
or. in the example given, at about 1 me.

Simplified Receiver:
v schematic of the color section of a

simple receiver for the reception of tele-

vision transmission such as is shown in

Fig. 3¢ appears in Fig. 6. The TF is kept
wide-hand al the plate of the last 11
amiplifier purposely. so that the blue

channel will not be adversely attenuated
the blue 2nd
Following this deteetor is an
tuned  clreuits
blue subearrier to

before it 1s detected in
detector.
amplifier and centered
around the remove
effects of the sonnd carrier and the red
subearvier. The blue 8rd detector yvields
the blue signals
which are amplificd and fed to the blue

low-frequeney video
eun grid.

Appropriate sound traps and, if de-
siredd, blue subcarrier traps, are employed
hefore the green and mixed-highs 2nd
detector. The output of this detector is
amplified and fed to the green gun, Two
<humt cirenits leading from the plate of
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Fig. 8. Critical circuits and cxpensice components are located at FI transmitter

ing on the red and blue guns. The blue
and red signals, sinee they do not over-
lap in frequency, do not exhibit this
effeet.

High-Frequency Video Components:

Ax stated before, the high video frequen-
cies ean be represented by the green
order to avoid a
greenish tinge to high frequencies. the
green highs ean be taken off the green
video channel by the shunt connection
of a snitable high-pass filter and added
1o the blue and red guns (as well as

direet eonnection 1o the green gun) of

channel  alone.  In
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the green channel amplifier feed respee-
tively the ved detector through a 8.2 me.
handpass cireait and the mixed-high fil
ter for addition of mixed highs into the
redd mndd blue guns. The 82 me. filter
feeds ared signal detector, and the out-
put of the detector feeds ared amplifier
connected to the ved gun.

The reeciver as shown here employs 6
sets of tube clements over and above
those a receiver would employ if designed
to receive black-and-white pictures. By
using available combination  types of
tubes. the actual number of envelopes
may he as low as three. The polarity of

the detectors can be reversed from those
shown to produce the right phase of
light intensity, ic. a positive picture.
Alternatively, the pieture tube gun con-
nections emn be reversed to achieve the
same result.

A mathematieal analysis of the action
of the green 2nd detector shows that
the video-frequeney
modulation will appear as low frequeney
in the detector output because the sys-
fem ix single sideband. The presence of
this low frequeney spurious signal n the
areen channel may canse an undesirable

<ome  of red  Jow
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Fig. 0. Adder oul put frequency spectrum
cross-talk effect, making itself evident in
a change in hue but not in geometrical
design. This color <hift cross-talk effect
can be reduced to a small amount if de-
sired by feeding some low-frequency red
signals into the green gun in phase re-
versal to the cross-talk.

Tube Requirements:

A block diagram of the color portion of

A receiver incorporating some added fea-
tures is shown in Fig. 7.

This receiver employs the following

tube funetions above what are required

for a black-and-white television recciver:

A 2231 me red TF amplifier
B:  red diode detector

0-1 me. ved video amplifier
red restorer diode

k:  blue 2nd detector diode

1: 8.6-L0 me. blue 1F amplifier
blue 8rd detector diode

0-2 me. blue video amplifier
I: blue restorer diode

J: 8.6t me. AGC carrier amplifier
K:  AGC veetifier diode

These 11 tube funetions can, of course.
he obtained by employving fewer than 11
separate when use is made of
types.  The following
combinations are suggested:

tubes
double-purpose

A and B— 65F7 tube

F and G — 65177 tube

) and 1 — 6ALS tube

J and K — 65F7 tube

C and 1T — 6SN7GT tube
). — 6ALS tube

The Transmitter:

The transmitter for the frequency- inter-
lace color system would be a standard
transmitter with some modifications. A
block diagram is shown in Fig. 8.
(Continued on page 39)
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COLOR TV AS THE FCC SEES IT

CHAIRMAN WAYNE COY EXPLAINS THE COMMISSION’S THINKING WHICH LED
TO ADOPTION OF THE COLOR TELEVISION REPORT RELEASED ON SEPTEMBER 1

Right or wrong. it looks as if the Com-
mission will have to adopt the incom-
patible CBS color television standards or
ceplain its way out of coming to no final
decision at this time. Certainly the pro-
posal that the manufucturers agree by
Neptentber 249 to the adoption of bracket
standards has et with no encourage-
ment from individual companies or from
the RTMA.

Up to the 29th. at this time of writing,
no industry plan of opposition strateyy
has been revealed, but it looks as if the
manufacturers will have no part in shar-
ing responsibility for the adoption of the
CBS systen. Thus the FCC may be con-
fronted awith « very awlward situation.

Meanwhile, the Conomission is appar-
ently wundertaking not only to ecplain
its position to the radio engineers and.,
through them . to the public. but to gain
support for immediate adoption of CBS
standards in case that should be their
final decision.

This indicated by
Wayne Coy's address before the National
Electronics Conference at Chicago. Space
does not. permit publication of his com-
plete text, but his most siynificant state-
ments and conclusions are presented here:

1was Chairman

I am aware of the fact that there are
the

feel that color s a “phoney™ issue.  Let
me assure you that. in the judgment of
the Commission, thereisnothing™ phoney ™
about the issue.
Communications
Commission to *

those in mdustry who sincerely

Congress. through the
Aete commanded  the
‘generally encourage the
larger and more effective use of radio in
the public interest.” Certainly, the Com-
mission has encouraged such a develop-
Having
reached the point in the development of
a television service where the UHF band

ment for the past several vears,

of frequencies was needed to provide a
basiz for a nation-wide competitive serv-
e, we were at a cerossroads with respect
to the past encouragement given to the
development of color televizion. We could
provide for color along with black-and-
white in the VHE and UILF, or we could
provide for black-and-white serviee only
in both bands,  We were aware, and |
am sure that yvou are aware, that the
latter course might foreclose the oppor-
tunity for the development of color tele-
vision in the foreseeable future,

*From an address by FCC Chairman Wayne Coy
at the National Electronics Conference, Edgewater
Beach Hotel. Chicago. Septomber 25, 1950,

October 1950

Action is Necessary Now:

Therefore, it seemed quite clear to us
that the gronndwork should he faid now
for the joint nse of both band—VHF
and UHF—for both black-and-white and
color. . I we did not now lay the
groundwork for such joint nse. it is oh-
vious that when the Commission did get
aromnd to adopting a color system, we
might not be able to choose (he best pos-
sible color system, but would as a prac-
tical measure have to consider only such
systems as might be compatible with

black-and vhite television.

Why CBS System Was Chosen:

Now for the report itself. There were
three color systems proposed 1o the Com-
misston: one by Color Television., Ine..
one by Radio Corporation of America
and the third by Columbia Broadeasting
Svstem. The fiest two systems are com-
patible syztems, that is, present receivers
without making any changes could re-

ceive a black-and-white  picture  from
color transmisston of such sy<tems. The
CBS system is not compalible,  Some

changes must be made in existing recejy-
ers in order to enable them to receive a
black-and-white picture from CBS color
broadeasts,

The Commission carefully analyzed the
We

hadd to weigh testimony covering almost

voluminous record of the hearing,

1L.000 pages of transeript and evidenee

that was submitted in 265 exhibits. We
made detailed and specifie findings con-
cerning all three syvstems — findings ap-

proved by all zeven members of the Com-
mission. The eare with which this work
was done can best be indieated by the
fact that while, ax was to be expected,
the particular vesult we reached was dis-
appointing 1o some of the parties, there
has been no intimation by anvone that
the Conmmission’s findings are not sup-
ported by the evidence in the record,

The Commission unanimously  found
that the CTE and RCA color systems
were not suitable for adoption, . .

In the first place, the
found that the quality of the color pic-
ture produced by the two systems was
not at all satisfactory. In the case of the
CTI system there is a serious line erawl
or Jitter, and in the case of the RCA sys-
tem there is a prominent dot structure
and a marked loss of contrast,

Morcover. the colors are not true in
cither system.

Commission

Thix is particularly troe

formerly FM, and FM Ravio-ErLecrroNies

of flesh tones. .. Sinee the purpose of the
hearing was ta pick a color television sys
tem, it is obvious that no serious consid
cration could be given to a system that
failed to produce true colors,

In the <econd place. the equipment
required for the CTT or RCA system ap-

pears too complex for normal use. .. The
Commission believes that any television
structure must be so constructed  that

color television s available to all. and
not merely the rich. The Commission
knows that color television receivers will
cost more than present monochronie re
ceivers, bul we expect the pl'i('(' levels
the pattern of the

I'('('('i\'l'l'.\'. ..

lo fullow present

The Commission. of course, recognizes
that hoth the CTE and RCA systems
were  comparatively new systems and
that  the that
onstrated was not commercial-type equip-
However: an analysis of the two

cquipient was  dem-

ment,

systems showed  to the Commission’s

faction that the defeets were funda
mental,

=il
The cquipment is complex be-
catse, by the nature of the systemis, reg-
istration and color controls are extrene-
Iy eritical. CTE and RCA thus did not
meet the tests of simplicity and eccon-
omy. ..

these that
there was just no basis wpon which the
Commussion could  approve either the
CTHor RCA system,

The CBS system did not fabor under
The quality of the
color pictwie was of a high order . . .
Broadeasts were made from studios and

For FEASONS NOU o call see

these handieaps,

from outdoors,  In all instances color
rendition was of a high quality,  The

cquipment utilized was easy to operate, . .
Limitations of CBS System:

The CBS system does have fewer lines
the
However, the addition of color to the
picture more than outweighs the redue-
tion in lines o far as apparent definition
15 concerned. You only have to look at
a seene incolor and compare the same
black-and-white to be  con-
vineed that the addition of color increases
several-fold the amount of information
that can be transmitted by a picture,
True. & monochrome picture from color
under CBS
not of the same good quality as mono-

per picture  than present  system,

seene  in

transmissions standards s
chrome pictures front transmissions under
But neither
iContinued on page 45)

present television standards,

e
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HE inereasing complexity of alloca-
tions problems which confront op-
crators of and applicants for radio com-
munication facilities is requiring more
and more study on the part of engineers

and eonsultants in this field. This situa-
tion. and the pressure being brought to
bear by those who need new or added
frequency assignments have ereated a se-
rious question of engineering policy in
connection with testimony presented to
the Commission.

When a lawyer undertakes to defend a
client. it is presumed that the court and
the opposing counsel are equally in-
formed as to questions of law.

However. when  engineering  counsel
testifies before the FCC, the Commission-
ers must weigh testimony on teehnical
matters of which they may have only
limited knowledge.

This creates a delicate question of
cthics on the part of the engineer who
undertakes to advise the Commission
concerning engineering matters, on be-
half of a client whose interest will be
vitally affected by the final decision of
the FCC.

Economics Vs. Engineering:

The position of the Commission in such
instances was discussed at length by
Commissioner Robert F. Jones in the 80-
page Annex to his dissenting opinion to
the recent Color Television Report. 1is
comments are so directly applicable to
situations which arise at hearings on
communication matters that they deserve
serious study by ecommunication engi-
neers and consultants.

Citing chapter and verse, Commis-
sioner Jones showed why he, for one. has
heen obliged to take a dim view of the
extent to which the Commission ean rely
on the advice of engineers engaged by
partisan interests.

His conclusion on this point: “The
1919-50 hearing makes crystal clear that
the industry’s engineers were unsound
analysts. . . . Their engineering testimony
in 1916-47 is rendered so completely
worthless by the 1949-50 record that the
kindest thing that can be said in expla-

*1707 H Street, N.W., Washington, D. C,
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is that their economic interest
blinded their engincering judgment. In
view of the position taken in both hear-
ings by witnesses . . . there is grave doubt
that any can be relied upon to predict
the potential performance of any system
whose adoption might prejudice their
cconomic interests.”

nation

Service to the Radio Profession:

Regardless of the soundness or unsound-
ness of his substantive conclusions, Jones
had certainly done the radio engincering
profession a genuine service in the force-
ful expression of his views. For the sub-
jeet is a tremendously important one. As
the majority of the Commission expressly
stated:

“The Commission is aware that of ne-
cessity it must rely to a great extent up-
on industry experts for data and expert
opinion in arriving at decisions in the
field of standards; our own facilities are
too limited to gather much of the data.”

Sinee the FCC, in the nature of things,
must rely on the engineering experts of
industry, the burden is upon these engi-
neers to lean over backwards in arriving
at their engineering judgments in those
areas affecting their employer interests.
Commissioner Jones' remarkable research
job in bringing to light the inconsistent
and shifting representations by industry
engineers in the course of FCC hearings
should serve as a guide to professional
cthies in the future.

The majority of the Commission indi-
cated they shared Jones’ views to some
degree at least when they rejected the
majority of the expert testimony:

“The responsibility for deeision is that
of the Commission, and we cannot feel
bound to accept recommendations and
expert opinions when we find from a
study of the record that the record sup-
ports different conclusions. Moreover,
the testimony of many of the parties was
not based on ficld testing eonducted by
them or upon an analysis of field testing
made by others but were simply recom-
mendations and expert opinions of a gen-
eral nature. In weighing these recom-
mendations and expert opinions we can-
not overlook the faect that many of these
same parties offered recommendations

and expert opinions of the same kind as
the basis of their advoeacy in the 1916-
1947 hearing of . . . a system which never
survived field testing.”

Effect on Communications:

The eommunication services are suffer-
ing today from a lack of frequencics pri-
marily because the Commission in an-
other proeceding — the general alloca-
tion procceding of 1944 and 1945 —
relied on the industry engineers’ adviee
that the TV channels not assigned for
use in a particular area could be used
for mobile radio purposes. The inade-
quate cxclusive assignments made to the
mobile services were to be compensated
for by sharing rights in the 6-me. TV
channels. 1t soon appeared, however,
that the adviee was a matter of opinion
unsupported by tests or measurements.

Hardly had the allocations been final-
ized when this sharing plan was dem-
onstrated to be impracticable, regardless
of distance separation. This error resulted
in the subsequent deletion of TV Chan-
nel No. 1 and its assignment to the
mobile radio serviees. This could hardly
compensate, however, for the lost rights
of shared use in the 6-me. TV channels.
The band from 72 to 76 me. was likewise
reassigned and limited to fixed-circuit use
only, to prevent mobile interference to
the adjacent TV channels 4 and 5. Other
restrictions were placed on the use of the
band even for fixed-circuit purposes, as a
result of which vast silences reign in
that valuable area today.

If no other concrete results flow to the
communication serviees from the Annex
to the Color Television Report, certainly
Connnissioner Jones has added to the list
of required reading for those who would
take the Radio Engineers’ Hippocratic
Oath, at the same time demonstrating
that his critical positions are formulated
not only with courage but painstaking
documentation as well.

Public Safety Amendments:

Proposed amendments to Public Safety
Radio Rules were made finally effective
as of October 2. Form of final Rules fol-
lowed proposals outlined in FM-TV for
June. with two exceptions:

1. Mobile station identification require-
ments were further relaxed. In cases
where a licensce has several base stations
and a group of scparately licensed mobile
units transmitting on the same frequenecy
as the base stations, the mobile units
need not identify themselves. Under pro-
posed Rule. all separately licensed mobile
units would have been required to iden-
tify themselves under all circumstances.

2. The point-to-point frequency for
police use in Alaska was changed from
7805 ke. as proposed to 7480 ke.

(Concluded on page 45)
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How the U.S. Weather Burean Uses
FAX & TELEMETERING

HOW FM EXPEDITES WEATHER DATA DISTRIBUTION
— By C. A. KETTERING AND G. F. MONTGOMERY*

EATHER information is like

news: it becomes valueless soon
after it is issued. It must be gathered
and distributed by the fastest means
available.  With improvements in te-
lemetering  and  facsimile  techniques,
weather information pickup and distribu-
tion has heen expedited greatly. In order
to permit utilization of these techniques
by the U. S. Weather Bureau. the Na-
tional Bureau of Standards developed a
country-wide VHF radio system which
was completed in 1948. This paper de-
seribes the Weather Burcau’s applieation
of the new system to the transmission of
weather maps by facsimile and the telem-
etering of weather data from remote
points.

The radio system operates in the 160
mce. band, empleying narrow-band, crys-
tal-controlled FM transmitters with fre-
quency multiplication of 86, The final
amplifier and frequency-multiplier stages

* Respectively of the Instrument Division, U. S.
Weather Bureau, Washington, D. C., and the Cen-
tral Radio Propagation Laboratory, National
Bureau of Standards, Washington 25, C.

use type 2E30 vacuum tubes. with
power output of approximately 5 watts.
For use in locations where propagation
conditions are difficult, or where receiv-
ing siles are especially noisy, a trans-
mitter was developed using a 4-65.\
tetrode power amplifier. with an output
of approximately 5 watts.

Reecivers are of the double-super-
heteradyne type, ervstal-controlled, with
hoth audio oulput and carrier-operated
relays for controlling external equipment.

The antennas used at both transmit-
ting and receiving sites are five-element
parasitic arrays, consisting of dipole, re-
flector, and three directors, fed with RG-
8/ coaxial cable. Operation of the radio
cquipment has been reliable, requiring
only routine maintenance.

Facsimile Transmission:

Fhe system has been used to transmit
weather maps and other graphic material
from the forecasting center in downtown
Chicago to the receiving terminals at the
Chicago Municipal Airport since Novem-

Fig. 1. Facsimile transmitting equipment at weather forecasting center in Chicago
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Fig. 2. Automatic telemetering equipment

ber, 1948. The Weather Bureau Airport
Station and the Flight Advisory Weather
Scrvice now receive maps and charts
more quickly and at lower cost than
when messenger service or the simul-
tancous preparation of charts at the re-
ceiving terminals was required.

Facsimile requirements inelude reli-
ability and simplicity of operation, maxi-
mum practical speed and copy size, ade-
quale detail, and unattended operation of
the receiving equipment, with starting,
slopping. and phasing operations being
remotely controlled by the transmitter.
These have heen met satisfactorily by the
facsimile equipment designed by Hogan
Laboratories, Inc.!, and shown in Fig. 1.

This is a view of the transmitting in-
stallation at the forecasting center. The
transmitter is at the left. Two faesimile
scanners and a monitor recorder are on
the table at the right.

A scanning rate of 56.2 square ins. per
minute provides a considerable increase
in transnmitting specd over systems pre-
viously used, without imposing undue
frequency-bandwidth or mechanijeal prob-
lems. By employing vestigial side-band
transmission, bandwidth requirenients
are limited to an acceptance flat within
1. db between 7 and 15 ke.

The maximum usable copy size is 8.2
by 11.5 inches.  This size is adequate for
all but the largest maps, for which two
scanners are used. The larger maps are
cut into quarters. T'wo seanners are
loaded with the map quarlers, and the
paired quarters are transmitted sequen-

{Continued on page 10

! See “High-Speed FM Facsimile,” by John V. L.
Hogan and Carl V, Olson, FM-TV, this issue.
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HIGH-SPEED FM FACSIMILE

MODERN FACSIMILE EQUIPMENT OPERATED AT THE CHICAGO WEATHER BUREAU
HAS PROVED FAST AND DEPENDABLE—By JOHN V. L. HOGAN* AND CARL V. OLSON*

UTSTANDING advances have been
O made in faesimile during recent
vears.  Transmitting speed  and flexi-
bility of modern cquipment have been
inereased markedly over that of installa-
tions used during World War 1L

In November, 1918, equipment was in-
ctalled for transmission of weather maps
and other graphic material between the

FACSIMILE TRANSMITTING
TERMINAL EQUIPMENT

[ LINE- 1 1
SCANNER | ! RADIO I
SCANNER o AMP ,._1 L“:IJPER —_ TRaNs.

£ L =)

I COMMON |
POWER P |
STATION l i

| r 1
L RADIC | IRECORDER
ot s Y L—{anconosnl
=== S— _— ]

FACSIMILE “RECEIVING
TERMINAL EQUIPMENT

Fig. 1. Main units in facsimile system

U= Weather Burean! foreeasting center
in downtown Chicago and the Chieago
Municipal Airport. 1t has been in op-
eration continuously sinee then.  This
paper  deseribes the faesimile terminal
cquipment. designed and supplied by
Hogan Laboratories, Tne.

General System Operation:

The entire system, with emphasis on the
facsimile units, is shown in simplified
form in Fig. 1. Video from a scanner
unit amplitude-modutates a 13-ke. sub-
carrier in the scanner amplifier.  This
i« converled to vestigial-sideband AM
in the linelimiter amplifier and applied
o an FM transmitter operating in the
160-me. band. A1 the receiving end. the
wbearrier from the FM reeciver is ap-
pliecd to a recording amplifier. Here it
i« converted to video and fed to a fac-
simile recorder.

Front and rear views of a facsimile
pransmitting unit are shown in Fig. 2.
The scanner is at the bottom of the rack.
Above it are three pancls containing the
~canner amplifier, a control panel. and
the line-limiter amplifier at the top. The
receiving terminal rack, Fig. 3, contains
the recorder amplifier. bottom: recorder.
center; and take-up reel, top.

To send a map or other graphie copy.
a <heet containing information within the

* Respectively  President and Engineer, ]In';zan
l.aboratories, Inc., 155 DPerry Street, New York
14, N. Y. .

1 See “How the Wecather Bureau Uses Facsimile
and Telemetering,” by C. A. Kettering and G, F
\ontgnmery, F-TI7, this jssue,
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dimensions of 8.2 by 115 ins. is wrapped
aromud the scanner copy driwom. The
drom s rolated at 5200 RPM. while a
pickup  head i wmoved  longitudinally
along the drmm by a lead serew. advane-
ing 1 inch in 103 revolutions of the copy
dram. This provides a definition of 105
ines per in. The copy is seanned at the
rale of 562 square ins. per minute, an
entive sheet being scanned in 168 min-
utes, This corresponds 1o over 500 words
per mite for single-spaced typewriting,
or better than 1000 words per minute
for printed copy similar 1o text of The
Saturday Frening Post.

At the receiving terminal, moist elee-
trolytic reconding paper ahonl 914 ins.
wide is fed from a supply roll between
a rotating helieal eleetrode and o sta-
tionary linear electrode. Then, the re-
corded paper goes through a drier and
i~ ent off in appropriate lenglths or s
wound on a take-up reel, as desived. The
helical recording electrode rotates al 520
IPM, the same speed as the copy drum
at the transmilting end. Sinee the trans
mitting and reeciving equipments are

supplicd with 6t-eyele AC power from
the same central station power system.
synehronism is maintained with syvnchro
nous motors without the necessity for
special controls. This provides a major
simplification in equipment.

Scanner and Scanner Amplifier:

Fig. & is a simplified diagram of the
scanmer and seanner amplifier. Anoex
citer light on the seanner head illami
nates a spol on the rotating copy drum.
Reflected light from the copy is directed
lo a 931-\ multiplice: photoeell. The
electrical output from the photoeell s
a voltage varving in sumplitnde with the
graphic density of the copy on the
diaamn, This video signal 1s applied to
a coupling tube to change from a high
output impedanee to an impedancee of
It s then suitable
for application to a ring modulator, which

few hundred olans.

employs copper oxide reetifiers. The sig-
nad fed 1o the modulator is in the order
of 10 volts,

The outpnt of a badaneing amplifier
iv applicd through a tone-seale switeh

Fig. 2. Front and rear vicws of faesimile transmitting terminal equipment rack

FM-TV, the Jourxar. of Rapio CoMMUNICATION



10 the other side of the ring modulator
m order to provide a stable balance
13-ke. RC phase-

subearrier

reference voltage, A

<hift  oscillidor  provides  a

stignal, which is fed through a driver and
solation stage to the modulator. When

the video signal is equal to the reference
there is output  from the
modidator. When the video signal volt-
age departs from the reference voltage
the output 1= a 13 ke, subearrier, modu-
lated i amplitude according to the de-
gree of departure of the video
from the reference voltage,

Since the lightest shade of graphie
copy varies with the type of paper used,
the pickup head ix direeted to the whitest
portion of the copy. With the copy drum
stationary, the white balanee control in
the photocell cireuit  is
adjusted to deliver a

voltage ho

signal

power-supply
signal to the ring
modulator which balances the reference
voltage.  White balance is indicated by
an clectron-ray tube indicator,  In this
manner, the modulator bal-
anced, because the white output from
the photocell is eonstant regardless of
the maximum degree of whiteness of the
particular pnm- of copy scanned.

When scanning photographic or half-
tone copy which is predominantly dark
or predominantly light, adjustments can
be made at the transmitter so that the
recording made at the receiving end of

is always

the system can be an improvement over
the origmal. Thix is accomplished by
an eleetronic retouching circuit in the
scanner amplifier, controlled by  tone-
If the copy is dark, the
cirenit ean be set to compress the light

seale switches.

according to the instantaneous graphic
density of the copy scanned, and con-

tains sidebands out to 7 and 19 ke, The
signal is applied to an amplifier stage
and then to a black-level control.  This

15 a gain control for sctting the maximun

shades into a narrower density range  output level corresponding to the black-
15= ROT. ‘
BLANKING
SWITCH -
45* ROT
\BLANKINGA ONO-
TCH '—‘—’—0\‘0
OFF
COPY ———————— ‘
M
ORY PAGE
- SEPARATION I
\
7-19 KC. PLUS switen
HAkMONlCS
] - 1 r-t9ke |
“L‘c“ couepLl LOW-PAS. OUTPUT __ TO LINE- |
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[ | LCON'TkOLJ L AMP
TONE SCALE TRANS~
SWITCHES & STANDBY
| POTENTIOMETERS SWITCH I
s fT -
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A-EXCITER LIGHT WMHITE PE. CELL" [_ AN AMP & w-B ELECTRON'
B-MULT. PE. CELL BALANCE POW.sSUPR | | S‘L PCE RECT SENS. )
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{ [ esov
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Fig. 4. The scanner and scanner amplifier units, shown at the bottom of Fig. 2

and to expand the darker shades over a
wider density range.  As a result, the
contrast and detail of the recording is
improved. If the copy is light. the cir-
cuit can be set to correet in the opposite
direction.

The output of the ring modulator is a

15-ke.

subearrier.  amplitnde-modulated

o

Y

Fig. 3. This rack contains all facsimile receiving terminal equipment components
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est part of the graphic copy. The ad-
Justrient is made with the seanner head
directed to the blackest part of the copy
on the scanner drum, in a manner simi-
lar to that described in connection with
the white balanee control. Thus, the
signal extremes corresponding to black
and white are set so that optimum cor.-
trast is obtained in the recording, despite
contrast variations in different pieces of
copy  scanned,

Harmonies of the carrier frequency,
generated in the modulator, are removed
hy the low-pass filter. The white hal-
ance  and  black-level  adjustment  de-
seribed previously ean be made during
conditions of transmission or standby.
When the transmit-standby switeh is in
the transmit position, a sample of the
signal is taken from the output ampli-
fier. When in the standby position, it
ix taken from the coupling amplifier ¢ir-
euit sinee no video signal is then present
i the output stage. The sample is am-
plified. reetificd, and applied to the clee-
tron-ray tube indicator.  The white-black
sensitivity switeh inereases the sensitivity
of the indicator tube ecircuits when set
on white to facilitate making accurate
null adjustment on the white portion of
the copy. since white corresponds to zero
signal.

As the copy drum rotates, the pickup
head generates an undesired signal when
passing over the copy-paper clamps. To
remove this signal. and to provide a
space between cach line of copy scanned
for a synchronizing and phasing pulse,
of each
copy=drum rotation by meanx of a rotary

the signal is blanked during 45°

blanking xwitch on the copy-drum shaft.
The coupling amplifier stage following
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the black-level control provides a con-
venient low-impedanee point in the eir-
cuit for this purpose. The signal is
grounded between the low-pass filter and
the output amplifier when contact is
made between the brushes and the rotary
switch. Thus, the video signal is broken
up into lines equal in length to 3157 of
copy-drum rotation. and is blanked dur-
ing the remaining 457,

= =
45 BLANKING PULSES |
1 - j— — ‘
v v
| 15* PHASING PULSES |
g

o

i I |
COMPOSITE VIDEO SIGNAL

P e I | VAV SR

‘PAGE SEPARATION SIGNAB.

~ — S

8}
- 38D* -

L

Fig. 5. Output signal time relationships

Part of the 13-ke. subearrier oscillator
output is applied to a eoupling amplifier,
and is used to provide 157 phasing pulses
and 345 The
time relationships of these signals are
shown in Fig. 5. Normally, the oseillator
signal from the coupling amplifier is di-
rected through brushes on the rotary
pulse switeh to the output amplifier. The
pulse switch is oriented relative to the
blanking switch so that the pulse oceurs
in the center of the noteh made by the

page-separation signals.

blanking signal.

To make certain that the recorder is
in phase with the seanner, a page scpara-
tion signal is transmitted for a period
of about 10 seconds. This signal is sent
when the page separation signal switeh
ix closed. grounding the video signal go-
ing to the output amplifier and shorting
the rotary pulse switeh brushes, .\ third
brush on the pulse switeh is oriented in

are actually in the form of amplitude-
modulated 13-ke. waves.

The Line-Limiter

The 7- to 19-ke. output of the scanner
amplifier is fed to a switch in the line-
limiter amplifier, Fig. 6. For the trans-
of half-tone copy, the switeh
direets the stgnal through a coupling
amplifier into a 3-section wave filter.
This removes upper-sideband  compo-
nents from 15 to 19 ke.  Thus, the signal
is converted from a conventional double
side-band AM signal to a vestigial side-
band signal composed of frequencies be-
tween 7 and 15 ke, which is then passed
through an amplifier to a push-pull out-
In this case. the signal is used
The

COUrse, l)C sent over a

Amplifier:

mission

put stage.
to modulate a radio transmitter.
signal could. of
wire line rather than a radio link.

When black-and-white copy is trans-
mitted, the switch direets the output
of the scanner amplifier through a driver
stage, a peak and threshold limiter. and
a conpling amplificr, after whieh it is
fed to the same wave filter. The himiter
passex no signal until the input reaches
a cerlain predetermined level, which is
adjustable by means of the limiter trans-
fer control.  Either full signal or no
signal is passed.

In the transmission of weather maps
containing penciled notations. best re-
sults are obtained with the switeh in
the photo position.  The density of the
recorded marks then conforms exactly to
the density of the marks on the seanned
copy.

Recorder Amplifier and Recorder:

The recorder amplifier, shown in Fig. 7.
is conneeted to the output of the radio
receiver,  This outpat is a vestigial side-

At this point the signal is applied to
the grids of the marking tubes in a DC
amplifier.  The plate currents of the
tubes pass through a slip ring, the heli-
cal recording electrode, and the clec-
trolytic recording paper to the linear
recording eleetrode. In order that the
recording clectrodes may be at ground
potential, the plate supply for the mark-
ing tubes is at ground also. The record-
ing point at any instant is determined by
the point of junction of the helical elec-
trode with the linear electrode on the
opposite side of the recording paper.

Since the synchronous motor driving
the helical eleetrode drum is powered by
the same central power station which
supplies the motor driving the scanner
drum. there is no problem in getting the
two drums to rolate in synchronism.
However. provision must be made to
insure that the drums will rotate in
phase.  That is, the helical recording
eleetrode must be in the correet position
to record the beginning of a line at the
instant the piekup head is at the hegin-
ning of a line on the scanner drum. To
this end, the page separation signal is
sent initially from the transmitting end
as deseribed in the scction concerning
the scanner amplifier,

The rrcrve-rrate switeh is put in
the frame. or phasing. position al the
beginning of a page.  In this position.
the signal passes through a relay coil to
brushes on a 6 rotary switch on the
shaft of the helical electrode drum. 11
the two drums are not exactly in phase.
the page separation signal momentarily
energizes the relay, opening the contacets
and interrupling the power supply to
the synehironous motor which drives the
helieal eleetrode drum. LEach time the
power is interrupted the motor slips one

= — 3
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Fig. 6. The line-limiter amplifier unit, shown at top in Fig. 2. Fig. 7. Recorder ameplifier and recorder, shown in Fig. 3

such a way as to ground the oscillator
signal applied 1o the output amplifier
during 15" rolation of the scanner drum
at the relative time indicated in Fig. 5.
The manner in which the recorder re-
sponds 1o the page separation signal ix
explained later.

1t shonlkl be understood that the 15
phasing pulses, the video signals. and
the page scparation signals are repre-
sented in Fig. 3 by their envelopes. They

20

band AM signal, having frequencies be-
tween 7 and 15 ke, The signal is passed
through an amplifier stage and s de-
modulated in a full-wave rectifier cireuit.
All carrier components are removed by
a low-pass filter, whose output is a fluc-
tuating DC  signal having  frequeney
components from 0 to about 6 ke. This
video signal is essentially the same as
the output of the phototube in the
seanner.

FM-TV, the

pole.  The motor has ten possible locked-
in positions, so that it soon falls into the
desired  phased position.  The  brushes
then contact the 6° segment of the
rotary switch during a time period cen-
tered in the 15 page separation noteh.

Phasing takes about 10 seconds or
less.  Thereafter, the switch is thrown
to the rECEIVE position, and the system
is in readiness for the unattended trans-

(Coneluded on page 1))
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NEWS PICTURES

1. Much hard work will be saved by this
microwave reflector mount, made avail-
able recently by RCA Broadcast Equip-
ment Section. Antenna can be rotated
and tilted with the indicating remote
control unit shown at left. Easy, fast,
and accurate aiming of reflector results
in reduced set-up time. Once set, an-
tenna is held rigidly.

2. Two new fixed-station transmitter-
receivers for 30- to 50-mc. communica-
tions systems are announced by RCA.
Additions to the Fleetfone line, both 70-
watt and 250-watl equipment are de-
signed for adjacent-channel use. A single
84-in. cabinet louses transmitter, re-
ceiver, and power supplies for the 250-
watt unit shown.

3. Distortion, noise, and hum level in
audio equipment can be mcasured rapidly
and accurately with the Daven 85-A Dis-
tortion and Noise meter. Necessity for
making careful frequeney and phase ad-
justments is avoided by the use of 8 fixed
band-rejection filters, thus reducing the
balancing operation to pushing a button.

+. This RCA type BI-11A Transmis-
sion Measuring Set provides direct read-
ings of transmitter system measurements
within FCC accuracy limitations. Intri-
cate setups and lengthy calculations in-
volved in checking broadcast transmitter
andio gain or loss. frequency response,
mismatch loss, and complex circuit read-
ings are eliminated by this unit.

5. Measurements Corporation has de-

veloped this self-contained Intermodula-
tion Meter, model 81, which ecan be
mounted on a 19-in. rack panel. OQutput
is two sinusoidal waveforms, one high and
one low frequency, mixed at a 4-to-1 volt-
age ratio. These are applied to the in-
strument under test, the output of which
is fed back to the meter. 1M is read di-
reetly in distortion percentage.

6. This frequency shift keyer is pro-
duced by Northern Radio Co., Inc., 143
West 22 Street, New York 11. Unit re-
places crystal oscillator in a transmitter
and provides mark and space carrier
shifts for teleprinter or telegraph signals.

7. General Radio Company’s type
1303-A two-signal audio generator can
be used to supply test signals for IM
distortion measurements or as a labora-
tory BFO. Outputs are: 1) Single sinu-
soidal voltage adjustable from 20 cyeles
to 40 ke, 2) Two sinusoidal voltages,
separately adjustable, one to 10 ke. and
one to 20 ke, and 3) Two sinusoidal
voltages with a fixed difference main-
tained as one is varied in frequency.
Fixed difference frequency is adjustable
to 10 ke., and lower frequency is adjust-
able to 20 ke.

8. An electronic pointer, either black
or white, can be superimposed and moved
anywhere on a TV picture with this
simple unit developed by General Electric
Company. Equipment consists of a rack-
mounted chassis and the control unit
shown at the lower right. Pointer is con-
trolled by a device similar to an airplane
Jjoy-stick.




THE FAS AUDIO SYSTEM

PART 1 — DISCUSSION OF SOUND-POWER OUTPUT AT LOW FREQUENCIES — FAS
SYSTEM CHARACTERISTICS — FAS AMPLIFIER DESIGN — ‘By MILTON B. SLEEPER

ARLY in 1918, 1 began to hear about

a marvelous and mysterious audio
system built by Edmund Flewelling at
his home. However, for all the enthu-
stasm expressed, the reports were not
factual or really informative, becanse
those who had heard the installation did
not knew how it worked.

The Great FAS Mystery:

Engincering-wise, it doesn’t mean much
to be told that the performance was
“out of this world,” or that “l heard
more music from commercial pressings
than I thought it was possible to record
on wax.” ‘That didn’t jibe with the de-

seription of the equipment, either, be-
cause it seemed to consist only of a 78-
RPM turntable, a crystal pickup, some
kind of an amplifier, a small speaker just
propped up on a bookshelf, and an inex-
pensive 12-in. speaker on a plain board
leaning against the wall!

Lach one who had heard it was sure
that there was a trick somewhere in the
system, but no one knew what or where.
They had run down the possibility of
speakers mounted in the walls or in the
hot-air register, or hidden behind furni-
ture. Some had had an opportunity to
inspect adjoining rooms. thereby elim-
inating the possibility of speaker enclo-

sures hidden in some other part of the
house.

Various theories were advaneed but, as
| learned later. not one came within a
mile of the right answer. Finally, I went
to hear the system. I listened to 8-
RPM records hours on end during my
first and subsequent visits. Then Charles
Fowler and Roy Allison, of our FAM-TV
staff. heard it too. We agreed that we
had never heard comparable reproduc-
tion from new transeriptions over a
studio monitor system, but the only
guess we conld make as to the method of
achieving such performance proved to be
entirely wrong!

IS —_—

Fig. 1. The FAS amplifier,
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set up for demonstration purposcs. Chassis-cover aids in carrying amplifier as well as shicldinyg
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Fig. ;. Correet purts layout helps to reduce hum level. Tf large chassis cannot be used. power supply should be separate

In fact, we didn’t get the key to the
mystery until after we completed ar-
rangements to publish the complete in-
formation on his work,

Function of Sound-Power Qutput:

Our experience witin the original equip-
ment and owr own work which led to the
design to be deseribed has heen a liberal
cducation in the problems of andio repro-
duction.  We don't have all the answers
vet, heeause we have discovered some
nussing hnks between elecetrical and me-
chanical design and listening reactions
that have never come up before in tech-
Morcover,
the FAS equipment produces effects that
we don’t understand entirely and won't,
therefore, attempt to explain,
we have arrived at eertain conclusions
which can be summed up in this way:

We can criticize the one-note bass and
the beer-barrel boom all we please, but
there’s no denying that people generally
want some kind of substanbial bass re-
sponse.  Mayxbe that is evidenee of their
having tin cars ov juke-box tastes. Still,
the feeling persists that so many can’t be
as wrong as are generally presumed to
he.

nical papers or discussions,

However.

Purzuing that thought, it must he ad-
mitted that the musical sound -power out-
put of ordinary  speakers from about
1125 eveles down is in some inverse ratio
to the power output of the musical in-
struments which produee those low notes,
The problem of horn-loading is well ree-

ognized. At 30 eveles, an aplifier may

produce a constderable excursion of the
diaphragin,  but the  sound
On the other
haned. the power outpat from the piano.

f])t‘:kkt'l'

cmitted is barely audibie,

argan. bazs drum, cello, tuba, or bass
saxoplione on low notes is cnough o
make the vibrations felt as well as heard.
and to rattle objeets in the room where
the instrument s are playved.

In  eonventional
lu=n"t heen possible to approximate that

audio  systems, it
sound-power output with a truly musical
bass.  Efforts to do ~o have produced
only 2 onc-note boom, due to speaker
resonance at somewhere near 50 eveles,
That scems to bring us around to the
conclusion that
substance that is sapplied in music by

most listeners want the

the bottam end of the andio range. and
they aceept @ phoay bass effect hecause
that's the only thing available to them.

Thaze with edueited musical tastes, on
the other hand. apparently prefer to sup-
ply the bass from their imagination, since
they are dizturbed by the lack of musical
vitlee in the one-note boom.

You may not agree with these observi-
tions. but they do explain the enthu-
sias of both Tay people and experts who
lave listened to the FAS cquipment, and
have described it as prodacing the most
enjovable and satisfying quaiity of musie
they have ever heard.

Now. the particularly  distinguishing
feature of the FAS is its ability to deliver
sound-power ontput in about the same
il ax the power autput of the original

instraments. Moreover. the relation of

October 1950—formerly FM. and FM Ravio-ErLecrroxics

the bass lo the treble is maintained at
any level from full volume to bare au-
dibility! Thix is in contrast to conven-
tiotal systems in which the sound-power
output of the speaker drops steeply in the
bass range, even though the amplifier is
fat to 30 exyeles. Also, as vou have prob-
abby observed, demonstrations of bass
response are always made at very high
vohune levell and mueh above the ace-
ceptable level for home histening. That is
necessary beeause, as the volume is eut
down, the bass drops out quickly.

In terms of conventional equipment,
thi~ wonld indicate that the FAS has 1)
sonce method of getting a tremendous
hoost in amplifier ontput on low fre-
quencies. and 2) bass compensation on
the volume control.
of the amplificr eirenit will show  that
neitier s employved. s to the amplifier
ontput, two 6L6%s loal along at about 3
But when you feel the vibration

However, a study

watls!
in the floor and in the air from deep
pedal notes on the organ. vou'd swear
that 1t must take 150 watts or more.
Another interesting thing about the
FFAN 35 the dimensional effect on orches-
tral music.  In a concert hall. yvou are
conscious that the musie shifts from one
part of the stage to another. The FAS
creates the same impression. In faet. it
ix almost equal to true stereophonie re-

production using two separate audio
channels,

Further Development:

The FAS idea started  with Fdmund
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Flewelling. But his cquipment, as dem-
onstrated to us, suffered from limitations
whieh would make it well-nigh useless as
a modern radio-phonograph system, be-
cause it could be used only with a crystal
pickup and 78-RPM records! In our dis-
cussion with Mr. Flewelling, we suggested
trying out his equipment with LI records
and a reluctance pickup, and with an FM
tuner. He insisted, however, that LP
records were worthless, that the only
place to put a reluctance pickup was in
the ashean, and that there was no music
in FM broadeasting. At our last meet-
ing. he proved his contentions by com-
paring reproduction of the same musical
seleetions on LP and 78-RIPM  records.
The LI quality was really terrible. On
that oceasion, he also had a good M
tuner, but the audio systemn that per-
formcd so marvelously on 78-RP’M rec-
ords just went to pieces on FM reception.

After we discussed the limitations of
his equipment with Mr. Flewelling, he
wrote us, “Any effort at this time to im-
prove the job as T have laid it out simply
means disaster.”  Since we felt that the
best interests of our readers would not be
served by describing a system for T8-
RPM records only, we decided not to
present the original Flewelling manu-
script, but to accept his ehallenge that
improvement was impossible.

Our own group at FM-TV has carried
forward TFlewelling's concept to create
the completely flexible audio system to
be deseribed. Thus, FAS stands for
Flewelling' Audio System as well as the
final Fowler-Allison-Sleeper designs  for
the amplifier, crossover network, and
speakers.  So the initials represent an
audio system that is truly revolutionary
in performance, and give credit to all
those whose cfforts are represented,

Thus. the Fowler-Allison-Sleeper proj-
ect started where Flewelling had stopped.

First, we undertook to revise the am-
plifier for use with LI, 45-, or 78-RPM
records and a erystal or reluctance pick-
up. as well as with a radio receiver. Then
we had to work out a crossover network
and speaker system that would give full-
range response and full sound-power out-
put down to 20 cycles under any condi-
tions that might be encountered at a
given installation. Finally, for the benefit
of those who already own commereial
types of expensive high fidelity ampli-
fiers. we had to find out how to accom-
modate our speaker system to those
units. Al this information will be pre-
sented in the course of this series of
articles.

THE FAS AMPLIFIER

Amplifier manufacturers  publish  fre-
quency-response curves which show that
their products provide, with various de-
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grees of success, constant vollage-gain
over the entire audio range.

It cannot be denied that constant volt-
age gain for all frequencies is desirable.
But the term “frequency response” is
misleading as normally used, for it im-
plies that if an amplifier of flat voltage-
gain characteristics is used in an audio
system, a flat sound output will be ob-
tained. This is quite wrong.

The quality of audio reproduction de-
pends upon three eritical elements: the

20 cycles to 20 ke., and this flat charac-
teristic is maintained by the output
transformmer at any level up lo its full
power rating.

With such performance, hum which
would be inaudible in a conventional sys-
tem could become objectionable. There-
fore, an amplifier to be used in an FAS
installation must have cxtremely low
hum content.

A circuit diagram of the FAS amplifier
is given in Fig. 2. The eircuit is simple,
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IIJ . Complete circuit of FAS amplifier, with one flat and one crystal input

amplifier proper, the output transformer,
and the speaker system. The output of
cach element must be flat with respeet to
its input, but the eriteria for flatness are
different for each element.

It isx not enough that the amplifier
provide the same voltage gain at any
frequency.  The frequency characteristic
of the output transformer must be flat
at any input power level within its rated
capacity.  Finally, the speaker system
must provide constant sound-power out-
put at any frequency for any input level.

vvon R14
||“';:'.' suec) fvs +ja0 '|40 -|~o

T2 ) cs ce c7
= | U , IR 17 7 R I ‘
8 I ‘,‘,__I 400V,
N9V, AC 13 —— ¢ :
[ 400V J_-
|

i
\
I 83V, AC TO
‘ I FILAMENTS

Fig. 3 Power supply has double-pi filter

Any reasonably good amplifier can be
rated legitimately as flat from 20 cycles
to 20 ke.. but this has no relation to the
performance of the output transformer
and the speaker. That’s why it is impor-
tant to remember that you don’t listen
to the amplifier!

The FAS Amplifier Circuit:

The FAS amplifier, Fig. 1. was designed
to meet all the requirements outlined
above. The amplifier itself is capable of
delivering essentially flat response from

straightforward, and conservative. Only
three stages are used, with a complete
feedback leop. The 6C5 phase-splitter
circuit creates very little phase shift.  As
a result, the amplifier is so stable that a
direet negative feedback connection can
be made from the output transformer
sccondary to the 65Q7 cathode without
producing oscillations, although that is
unnecessary and impractical. A feed-
back resistor of 30,000 ohims was found to
be quite adequate.

The push-pull 6L6 output stage pro-
vides high  power-sensitivity  and  ade-
quale peak power with low distortion.
Operated class A, a pair of 6L6's deliver
18.5 walts output at 2% distortion. The
cfficieney of the FAS speaker system is
such that 5 waltts produce ample sound
power for any home requirements. and
it is not likely that this maximum dis-
tortion figure would ever be reached.
With the negative feedback provided, the
distortion under normal operating condi-
tions will probably not exeeed 53¢, .

The 65Q7 input stage has ample gain
for a erystal pickup or a radio tuner. but
not enough for a reluctanee pickup.
Although the FAS is intended to operate
with a reluctance pickup, no preamplifier
was built into the chassis, on the theory
that it is advisable to use the particular
unit supplied by the manufacturer of the
pickup. Also, it is customary to regulate
the volume by the control in the asso-
ciated tumer. Henee, a separate pre-
amplifier simplifies the wiring.

For purposes of demonstration. two in-
puts were provided in this design, one

(Continued on page 29)
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Fig. 1. This illustrates one of the basic advantages of custom-building

DESIGNS FOR INDIVIDUALISTS

equipment can be installed in existing furniture

CUSTOM BUSINESS BOOMS AS PEOPLE DISCOVER THE EXTRA PLEASURE AND
SATISFACTION OF MADE-TO-ORDER INSTALLATIONS — ‘By PHILIP C. KELSEY*

ROM time to time I am asked: “Are

many people having custom radio-
phonograph installations made in their
homes?”  And also: “"How did you get
into that kind of business, anyway?” It's
Just a matter of faith in people.

After twenty-five or thirly years of
radio, measured from whenever you de-
cided that radio was here to stay, it's
not surprising that a great many people
have decided not to put up with table
models any  longer because, however
handy they are, their performance is de-
cidedly makeshift. They have finally
rulea out censoles. saying that cabinets

Fhiliy Whith

St-eet, Cuilford

C. Kclse

Conn

Company 21

are too ugly to be seen. and too big to
hide. The feeling of an inereasing num
ber of particular people was sunmmed up

Fig. 2. Drawer below tuner is revord file
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s
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in this conversation. overheard at a radio
store:

“That radio cabinct is not period fur
nituwre.”

“That radio cabinet is not furniture,
period!

In the few well-made consales of past
years, part of the equipment usually be-
came ohsolete within a shart time. This
left the owner with a big piece of furni-
ture of almost no practical value. even
though it had actually cost him a consid-
erable amount of money. This was even
more disappointing than buying a cheap
console.

Properly planned custom installations
are designed <o that individual com-



ponents whicl heeome obsolete can e
replaced easily, This permits the owner
to take advantage ol equipment improve

ments quickly . and at mintmum cost

Demand for Custom Work:

o show how particular people can e,

Fig. 5. above left. When new cab e

nets mast be bwlt, they can be de
signed for best wse of floor space and
to harmonize with other furnishings

Fig. i above right. Extra speakers
can be provided in other rooms. This
peaker was mounted ieonspicnous

ly abore a buillt-in filing cabinet

Fig below. A cabinet planned
pansion. A TV tuner
will cventually replace the shelves
between the two speaker enclosures

o fulure

consider an mstallation | made Tor o dis
criminating family Tiving in a lovely old
the Conneeticut

hame on o hill above

River valley. Every piece of thenr furm

ture refleeted character and charm. Fhey
wanted a radio-phonoeraph that would
give  performance  conststent  with  the

- -.a,,-‘_i:_c:_’a_r,‘
T

el

Ay ~tand
ird console was ruled ount becanse. in the
opimon ol the owner. it would ruin e
A\ pre
minary study of the situation revealed
that the cleetrical supply was a 32-voll
iehting ~ystem

juality of the surrousndings

wppearance of his living roam

Fig. 6. Some like cupboard construction becawse equip
ment can be concealed completely, as shown in insert
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Figs. 7 and 8. Another cupboard installation. Individual units can be replaced casily vs they become worn or obsolete

The final plan which the owner ap knob for the volime control. A nearby  but b ean assure you there i~ an endless
proved worked out in this way: A ma- hookshelf was nsed 1o coneeal  the  supply of customers with just as specific
hogany Queen Anne dowboy was designed  speaker. AC power cume from o small  adees as to what they wast and how
and built to house a tuner, amplifier, and — notor-generator operating on 32 velts,  they want it done. Incidentally. that in

turntable. The turntable was mounted in which required the use of a goy ernor-coi stallation probably <ounds more expen
a drawer with a light and avtomatie  trolled turntable. sive Tham it was actually. Many people
switeh, The drawer pull was used as a s may seem like 2oing te extremes, think that custom work runs 1o enon

s Fig. 10 below. This speal:cr is operatec
L I ‘! frove amplifier at left. T-pad ottenuators
are desirable. permitting ndividual ol

unee adjustments for each spealer used

i ’ ] mn i
e [ TTNTTARERRCIT N, |

- . % . ‘
et . 2 :\ I
Fig. v, ab Cabinetry must H

harmonize with decor. Por
feet balance s acliicved here fo

ubdued effect desired
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mous prices. ~o 1Us wsually possible to
give them better performance and more
altractive appearance for less money.

Developing Business:

1 find that <some custom designers: no
tably

~¢Cein

eneineers at broadeast  stations,

to have had little trouble 1 get
ting started.  They have the advantage
of an established reputation. T started
the Back n 19210 1 buill

mysell an installation that my neiglibores

hard  wan
thought o wonderful that they asked me
to do the <ame for them

The receiver was a breadboard affair
with o regenerative deteetor and two
daves of audio, mounted i a bookease.
\ door carrving three pairs of  head

phones conecaled the radio set during pe
At the boltom

of the bookease was a lead-lined <pace

riods of no earstraiming.

7

Fig. 11. below. Adequate ventilation L AP
must be provided for all components.
This not only prevents fire hawards bt
prolongs cquipment life. Here a grile at
top of the cabinet permits cirenlation
; ~ A
B T
~ : »
. -
-M—. -m-
P E! CeeamNsIm
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— 3 '
& Doo
9 O

halteries.  a

conlaimimg  Iwo  starage conuling for the sudden removal of two

charger, rubber gloves, ajar of vaseline,  leadilined doors, and <orie damage 1o
mother of distilled water, and two 13 my <lins
volt B batteries. [ learned a basie lesson Fortunately. that happened before |

this job. 1Tt seemed that well e stz matllations for

charged storage hatleries gave ofl o con

fram any ms

friecnd-. Todav. of conrse. there 1~ no
1o
hut ventilation i~ of the utmost impor
“ted
and rectitier tubes 1

aderable amount of hivdrogen, and that need about ~torace bhatleries

T
I'he

net result was that an explosion took

WOrry
poor connections tended to spark
tance becanse ¢f the heal cer
place in that unventilated enclosure. a

receiver, amphfier,

28 FM-TV. the

S .
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Fig. 12 abore. This tnstallation has a
spectal high-power andio amplificr and an
cqualizer (o requlate speakers i severa
rooms. A weal, careful iayouwt prevents
confusion among the many control Lrvobs
and switches required

pay equal attention to safety requir
for A(C

lengths to conceal all cireuit leads not

ments limes, and [ g to greal
only for their protection but 1o preteet
arownups and children from trippimg ove

wires whieh, if

exposed, would eon
foose i time.
Equally carveful  attention 1o every

other last detail pays i dividends ol new
A\l the eredit for the finest
kinl of a job can be lost by it
annoy- e

a el stops

custfomers,
ome
carelessness that becomes an
1s all mght af
working beeause some magor fault dov

1o the owner

op~. but an intermittent connection or
set=~crew that won't ~tay tight may o~
aond will and business from the oweer
friends.

Times have changed <nee I built my

What 1 1
now i that four-<cetion joh illustrate ]

first display installation W
Continned on page 11
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THE FAS AMPLIFIER

(Continued from page 2})

cqualized for a crystal pickup, and the
other for a tuner or reluctance pickup.
Two input isolating resistors coulkl
not be tolerated with the amount of feed-
back used. The choice between reduced
feedback and  a  switched input  was
settled in favor of the switch, Tig. 2.
This was done on the assumption that
most installations would utilize a single
input, the signal sources being switched
at some other point such as at the tuner
control.  In that case. both the input

sions small enough that the entire net-
work could be installed within the chas-
sis, as can be seen in the lower left-hand
corner, Fig. 5. However, the resistance
of the relatively fine wire decreased the
efficiency of the network somewhat.
Better performance was obtained from
an external network employing chokes of
No. 16 wire. If space is available, it is
recommended  that the latter type be
used,

Details of both types of crossover net-
together  with instructions  for
winding the chokes, will be furnished in
the section on the speaker system.

works,

N YN

- | -

R13 30,000 ohms, 15 watt

R1+4 150 ohms, 25 watts

(I3 can be a fixed resistor if the volume

is to be controlled externally)

mfd., 100 volts, paper

mfd., 00 volts, paper

mfd., 00 volts, paper

mfd., 600 volts, clectrolytic

C5 1 mfd., 600 volts, electrolytic

T mfd., 600 volts, electrolytic

V1 63Q7-V2 6C5-V3 L6 - Vit 6L6

Vi sUG

T1 Output transformer, Peerless $-230-Q

T2 Power transformer, Peerless R-560-A
Power supply choke, Peerless C-155-A

25
C3 .5
Ct 5
Co )

Fig. 5. Plenty of working room is provided underneath the chassis. Note extremely short AC leads from power transformer

switech and the volume control on the
FAS unit could be eliminated.

The Power Supply:

With the extended  low-frequency  re-
sponse of the FAS system, the power
supply must be filtered heavily to insure
that hum will not be introduced. Fig. 8
shows the schematie diagram.  Since no
decoupling networks are employed in the
amplifier. a double-pi filter is necessary.

It will be seen that the filament wind-
With the center-
tap grounded and the parts layout as
shown, hum output is inaudible at full
volume setting.

ing is center-tapped.

Crossover Network:
The original crossover network employed
chokes with No. 26 enameled
copper wire. This made the choke dimen-

wound

Parts Required:

Following is a list of parts used in the

amplifier and power supply. It should

be possible to substitute parts of equiva-

lent quality without sacrifice of perform-

Particnlar  attention  should  he

paid to the seleetion of an output trans-

former, since it is this component whieh

determines the power characteristic,
Pawrs Lisr

RS 2-megohm potentiometer, 145 watt

Rt 2,000 ohms, Y% watt

R3 56,000 ohms, 1 watt

R6 10 megohms, 15 watt

R7 75.000-0hm potentiometer, 1 watt

R8 2,000 ohms, 145 watt

R9 68.000 ohms, | watt

R10 250.000 ohms, 14 watt

R11 250,000 ohms, 1% watt

R12 150 ohms, 10 waltts

ance.
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World Radio Histo

MISCELLANEOUS
Parmetal ¢hassis 17 by 10 by 8 in-.
SPST toggle switeh
SPDT toggle switeh
2 phono input jacks
Pilot light assembly
Knobs and dial plates
AC cord and plug
5 octal tube sockets
5 terminal strips
Nore: Cland R1 make up the erystal
cqualization network. Optimmm  values
vary with each type of erystal. Repre-
sentative values are: C1 150 mmt., Rl
1 megohm.

Construction and Wiring:

The parts Liyout for the FAS amplifier

can he seen in Figs. 4+ and 5. A chassis

17 by 10 by 8 ins. is recommended to ac-
(Continued on page 26)
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Fig. 1

Selective

Model RV-10A straight FM tuner.

ALFC can be switehed on or off

NEW TUNER DESIGNS

BROWNING MODELS PROVIDE SELECTIVE AFC AND
EXTERNAL AUDIO SWITCHING — ‘By F. A. SPINDELL*

A.\' one of our engineers put it: M
sets aren’t hard to tune. They just
seem so because AM sets are
That isn't exactly true, because a 10-ke.
AM channel at 1,000 ke,
thmes as wide as a 200-ke,

<o hroad.

ix relatively 5
channel at 100
me. Morcover, volume
trol in an AM rveeciver makes the tining

automaltic Con-

~ent broad beeause it suppresses normal

Chief Fagineer, Browning  Laboratories, Tnc.
Winchest Mass
Fig. 5 Complete cireuit for RV-10A tuner, Each andio input.

resonance point

FM signals,

volunme variation as the
is approached and passed.

on the other hand, must be centered
exactly on the diseriminator  response
curve, since there is noise and  distortion

at each side of the correcl setting.
More Listeners. New Problems:

It ix teresting to look back over the ten
vears that we have been building FM
and FM-AM tuners at Browning Labora-
in th

when switehed

tories to sce the changing course of elec-
trical and mechanical design during that
period.  In the beginning, most people
thought of FM tuners as something to
add to existing AM sets, so that the old
amplifiers and speakers could be used,
Now, practically all our FAM and FM-AM
tuners are used with high-fidelity audio
systems in custom installations. That is
why we now have three chassis designs,
1o meet individual requireinents,

For a long time, the majority of our

tuners  were  bought by enginecring-
minded people. They didn’t mind the
necessity of getting cach station on the

nose but they did complain about drift.
Components for cireuits operating on 88
to 108 me. are so small in size that ex-

pansion due to heat from the tubes
changes  their  electrieal  characteristic

enough to cause detuning.  That trouble
was climinated by changing the relative
positions of ertical circuit elements, and
by using components  with negative
temperatures coeflicients.

But as public interest in FM expanded.
more and more of our tuners got into the
hands of non-technical people who ex-
pected to get their favorite FM stations
with no more attention to the tuning
than they were in the habit of paying to
their old AM sets. Thus we were con-
fronted with the problem of salisfying
the experts who like to seck out every
new station they can log on the dial, and
still satisfy Mr. Mrs, John Public
who, in increasing numbers, are switching
from AM to FM listening.

The way 1o satisfy the latter group was
lo use automatic frequency eontrol.  So

and

we undertook the development of an
AIC circuit that would give a proper

balanee hetween hroader tuning adjust-

circuit. s fed through volume control
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In the waveguides which condact microwaves to and from
the antennas of radio relay systems, current is concentrated
in a surface layer less than 1/10,000 inch thick, on the inner
surface of the waveguide. When these surfaces conduct
poorly, energy is lost.

To investigate, Bell radio scientists devised exact meth-
ods to explore this skin effect at microwave frequencies.

Scratches and corrasion. they found. increase losses by
50 per cent or more. Even silver plating. smooth to the eye,

Saving energy for better
low-cost telephone service

Arrow points to tube containing a wire speci-
men under test for surface conductivity. The
tube and wire are excited to resonance by micro-
waves from generator at extreme left. Conduc-
tivity is calculated from frequency values
indicated by barrel-shaped wavemeter (top
center) and resonance curves traced on an
oscilloscope screen (not shown).

can more than double the losses of a polished metal. Very
smooth conductors, like electropolished copper, are best.
An inexpensive coat of clear lacquer preserves initial high
conductivity for many months,

Energy saved inside a microwave station is available
for use in the radio-relay path outside. So stations can some-
times be spaced farther apart. and there will always be more
of a margin against fading. Here is another example of the
practical value of research at Bell Telephone Laboratories.

BELL TELEPHONE LABORATORIES

7\
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Fig. 2. Rear of wodel RV-101.1.

ment and the tendeney to jump over a
weak station to bring in a strong one on
a close-hy chaunel,

Meanwhile,  further circuit  refine-
ments were worked out to increase both
sensitivity and seleetivity for the henefit
of those who want every last bit of per-
formance that an FM tuner can produce.

There we had conflicting eharacteris-
tics and, moreover, as we learned from
field tests, conflieting requirements in dif-
ferent arcas, beeause receiving conditions
and the geographical distribution of FM
stations vary to a surprising degree.

Finally.
so simple that no one else had thought
of it before.  We made a further change
in the direuits so as to provide Selective
AFC. Now. in all three tuner models,
those who want non-eritical FM tuning
can get it by cutting in the AFC action,
while those who prefer not to use it can
flip the switch and cut out the AFC
cireutt,

We added another feature to meet the
requirements  of  custom  installations.
This is a single. front-panel control to
switch in a phonograph. television audio
channel, recorder, FM, and AM for those
models which include it.  When the
seleetor switeh is turned to the pheno-
graph. television, or recorder position.
the proper input is sclected and fed to
the volume control. In these positions,
FM and AM outputs are grounded.

an obvious answer was found.

Selective AFC Circuit:

The complete schematie diagram of the
RV-10A tuner is given in Fig. 3, and a
simplified diagram of the AFC cireuit in
Fig. +. A 6J6 reactance tube is shunted

32

Note subchussis assembdies bolted to main chassis

across the loeal oscillator tuned circuit.
Because of the high transconductance of
the 6J6 triodes operated in parallel, the
control range of the cireuit extends to the
peaks on the diseriminator  response
curve.,

With the AFC switch in the ox posi-
tion. the grid of the reactance tube is DC
coupled to the output of the diserimina-
tor. This output. at point X in Fig. t,
changes in polarity and magnitude as the
signal carrier is moved across the 11 cen-
ter frequency by the tuning control. At
exact center frequeney, the point of cor-

correet tune over a considerable range on
the tuning dial.

This AIC ¢ircuit is unusual in that the
phase-shifting network, composed of C
and R, employs the grid-to-plate eapacity
of the tube as the capacitive clement.

When the AFC switch is in the orr
position, the grid of the reactance tube is
returned to ground, which in effeet
moves the tube from the circuit. Tuning
action is then normal.  In the actual cir-
cuit. Fig. 8. it can be seen that in the
AFC orr position the grid is returned to
rather than dircetly to
. the effect is the ~ame.

re-

a blas source

ground. However

Improved IF Section:

The basie cireuitry of the new tuners
is similar to that of previous models, with
some notable improvements.  Late devel-
opments have made possible the design
of 10.7-me.  1F and discriminator trans-
formers of quality equal to the 8.25-mc.
transformers formerly used in Browning
tuners. These have been adopted in order
o eliminate images in the tunable range.

The discriminator transformer  has
570 ke, separation between peaks. This,
with the wide-band IF system, provides
an amplifier and detector with nearly
wleal characteristies.

In the RJ-12B. triple-tuned 1I7s are
employed for AM, resulting in a response
curve 13 ke, wide and with steep sides.
Bandwidth is adjustable from 9 to 18 ke.
in the RJ-20A. This feature is desirable
in urban areas where strong signals from
high-fidelity AM stations are available.

Mechanical Notes:

Pre-assembling groups of components has
many real advantages. Seetions such as

rect tuning. the DC output is zero. At the RF-mixer-oscillator tuner deck and
o Be
'S?:‘ lﬁ X T_T_T 2 °Fs
> Bt

L l . osc ’

EES GO 05C. TANK
L]

3 l -1- : 2R ucAcN __I_H—T_ I

33 I ]: TANCE -

TuBE | T

Bt I L TE MP compP L

- - - = CAPACITOR -

Fig. J.

this point the reactance tube has no
effect on the local oscillator frequeney.
When the loeal oscillator has not been
tuned so that the 1F eenter frequency
falls exacthy at the center of the diserim-
a DC voltage is
Its polarity and

inator
developed at point X.
magnitude depend, respectively. on the
direction and amount of mistuning. This
control voltage is applied to the 6J6 grid
o that the tube shifts the local oscillator
frequency in the proper direction, and
the diseriminator DC output is reduced.
Thus, a signal is held avtomatieally in

rFmu-Tv,

response curve,

the

Sinplificd diagram of AFC circuit, which employs only one additional tube

the IF transformers are assembled on
small plates, and eritical wiring and sol-
dering done with ample working room.
These are then bolted
over chassis holes of appropriate size,
through which the pre-assembled compo-
nents protrude.  The interwiring i then
done within the chassis.  This practice,
employed in the new Browning models,
saves time in assembly and reduces rejec-
tions due to faulty wiring. It makes the
performance of the tuners more depend-
able because of the more uniform wiring
arrangement possible.

sub-assemblies

Jovrxan of Ranto ConmMmrNicaTioN
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MODEL RV-10A ABOVE

BROWNING is FIRST
with FM ecircuits for

SELECTIVE AFC

Before you buy ANY type of tuner,

Check the Performance of These New Bmwning Models

How do YOU think an FM set should tune? Do
you like the feel of high sensitivity and sharp
selectivity that lets you explore each channel as
vou go along the dial?

Or do you want to he casual about it, and get
vour stations without having to lean forward in
vour chair?

Either way, you’ll be happy with any of the three
new BROWNING FM and FM-AM models because
they all have Selective Automatic Frequency Con-
trol. By a flick of the switch you can have sharp
FM tuning to bring in a weak station between two
adjacent strong ones, or smooth AFC action on FM

as non-critical as the tuning of an AM receiver.

Ask your dealer to let you try this new feature
on the FM model RV-10A, and FM-AM models
RJ-12B and RJ-20A. If you visit the Audio Fair,
see and hear them at the Brewning display in
Room (45 or at the cxhibits of Arrow Eleetronics,
Harrison Radio, Hudson Radio, Leonard Radio,
Milo Radio & Electronics, and Sun Radio & Elec-
tronics. For technical bulletins, address:

Browning Laboratories, Inc.
700 Main Street, Winchester, Mass.

In Canada, address Measurement Eng'neering Ltd.. Arnpriotr, Ont.
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Facts about the Klipschorn:

5' The Klipsch corner horn principle is being applied in reproducing

systems employing up to 3 and 4 speakers.
ments and added power handling capacity are obvious advantages.

Reduced equalization require-
The

expected crossover, phasing, and multiple-source effects did not appear.
But where peak power input requirements remain below a 10 or 20 watt
level, economy dictates 2 speakers, and Klipschorn exemplifies a design
in which full range is accomplished with vanishingly low distortion.
Excellent polar coverage is assured with the Klipsch smali-ceil high

frequency horn.

Music appreciation courscs would assume their avowed furnctional role
(rather than being such in name only) if Klipschorn and suitable associated

apparatus were used as the

reproducing medium,

Other

important

applications include home listening, studio monitoring, and sound genera-

tors for musical instruments such as the electric organ.
ratings are available for every application.

visit us for a demonstration,

Styles and power
Write for details, or better,

KLIPSCH and ASSOCIATES

LABORATORY & PLANT AT HOPE, ARKANSAS

TELEPHONE: HOPE 995

DESIGN DATA for AF AMPLIFIERS - No. 5 Phase Inverters

PURPOSE OF PHASE INVERTERS — METHODS COMMONLY USED TO OBTAIN PHASE INVERSION — ADVANTAGES AND DISADVANTAGES OF EACH METHOD

LMOST invariably, a push-pull stage is em-

ployed in the output of a good audio
amplifier. Among the advantages of a push-pull
power amplifier stage are increased peak power-
handling abitity and cancellation of all even-order
harmonic distortion. However, the tube or tubes
on each end of a push-pull stage must be
operated 180 out of phase, the plate current at
one end increasing while that of the other
decreases. Also, the stage must be balanced;
that is, for alternate half-cycles of an input
signal of given amplitude, the increase in plate
current above average must be identical at each
end of the stage. Thus to drive a push-pull
stage, the signal from the voltage amplifier sec-
tion must be converted to two signals which are
180 out of phase (opposite in polarity) and of
equal amplitude, That is the purpose of the
phase inverter.

Method 1: Probably the simplest way to achieve
phase inversion is by the use of an interstage
transformer with a center-tapped secondary, Fig.
1. The center-tap is grounded or returned to a

r l [ Eol
[o T —— b —
EN 1 » Eo2
I Ll
- [ (e -£
H INTERSTAGE
TRANS,

RK ].
- |

L ]

Fig. 1. Interstage transformer phase inverter

bias source, and the ends of the secondary are
connected to the push-pull grids. Since current
in the secondary can flow in one direction only
at any given time, there is a linear gradation
of voltage from one end to the other. Suppose
that the potential at the top of the secondary is
+10 volts with respect to the bottom. Then it
must be at + 5 volis with respect to the center-
tap, which in turn is at +5 volts with respect to
the bottom of the secondary. However, this is
another way of stating that the bottom is at —5
volts with respect 1o the centertap. Since the
AC reference point for the push-pull grids is
ground, and the center-tap is grounded, then the
push-pull grids are fed with signals equal in
amplitude and opposite in polarity.

Advantages of the transformer phase-inverter
are relatively high gain, simplicity, and stability.
Balance is determined by the transformer and is

R FROM i g o
PRECEDING | Re2
STAGE
Fig. 2. Phase inversion with split load resistor

unaffected by the tube. Disadvantages are those
inherent in transformer coupling, limited and
uneven frequency response, and considerable cost.

Method 2: Fig. 2 shows a circuit often em-
ployed. Half the load resistance is used as a
plate load, and the other half as a cathode load.
As always, the signal developed across Ril s
180 out of phase with the grid voitage. How-
ever, the signal across Ri 2, in the cathode circuit,
is in phase with the grid signal. Thus, the two
output signals are 180 out of phase, and of
equal amplitude providing that Ri1 and R1.2 are
equal and the coupling networks similar.

This is a low-gain circuit, and the load resistors
must be made small to minimize high-frequency

loss. Typical values for a 6J5 or 1. 6SN7 are
50,000 ohms. However, there is remarkably little
phase shift. Components are inexpensive, there

is no balancing problem, and excellent results
can be obtained.

Method 3: The circuit of Fig. 3 can be used

where maximum gain is required. VI is a
—— =
Ccl
\ \2) Eot
RUIE Ro )
— > 1 1A I
| E'IN AN | B+
‘ _1_5“ RL2 o
L (.
L
‘ = Re2i O
Eo
| va [ ST Jz
[ ez
l [

Fig. 3. This cirevil, often_used, provides high gain

straightforward RC-coupled amplifier stage, pro-

viding full gain. I1s output, Fol, feeds one
push-pull end. The grid resistor is divided, how-
ever, into two unequal parts. Part of kol is

used to feed the phase-inverter tube V2. The
plate voltage of V2 is of opposite polarity to
the grid voltage, and this is coupled to the other
end of the push-pull stage as 1202,

Re;2 should be equal to the sum of RalA and
Ra1B.  In order that the two outputs may be
equal, the percentage of Kol fed to V2 should
be the reciprocal of the gain of V2. For example,
if the gain of V2 is 15, then R.11 should be 1/14
the value of Ral.\.

Disadvantages are that two tube sections are
required, and the balance is affected by the
particular tubes used. 11 is difficult to obtain
in practice the precise relation required for the
two parts of V1’s grid resistor. Fnally, there is
considerable phase shift engendered in the circuit.

Method 4: Fig. 4 shows a different but less
desirable method of phase inversion. Here VI

‘ T | ’
A zRs

g 1A

IN TRANS.

i Cc‘[-i?as -
b o Bl

| M — ==

vzl

| S— E— e —

Fig. 4. Inversion from output transformer bleeder
and V2 make up the push-pull output stage. A
dividing network, composed of RslA, RslB, and
R, is shunted across the upper half of the output
transformer primary, which is fed by V1. This
voltage is 180 out of phase with the input
signal, and part of it is used to feed V2. Thus,
polarity reversal is obtained. The proper ratio
of dividing-network resistances is determined as
before by the gain of V2. If the voltage gain of
V2 is 5, then Rs11} and Ra in parallel should be
V4 the resistance of Rs1.\, Rs2 is added to
balance the loading effect on the output trans-
former, and should be equal to the total resistance
on the other half of the primary.

This circuit is not generally recommended. It
has all the disadvantages of Fig. 3 except that
no additional tubes are required. However, it
provides no gain. In addition, it imposes a load
on the output transformer that is seriously detri-
mental to the performance of the amplifier.




ACKNOWLEDGED STANDARD OF FM PERFORMANCE

j/te 646-/.? ﬂad \S:)omeféing

5 ecia/ lo /0 /eade guer%

HE REL 646-B has probably
won more enthusiastic friends
PEASONS

for more different

than other radio  re-
This s

from broadcasters, research laboratories.

any

celver, horne out by reports
custom set builders, and private owners

of these FM

sets,

This report from a fight fan is typical
of those from metropolitan areas: 1
had been told that FM wasn't any bet-
ter than AM in the city, but iu the
hope of getting decent reception of the
had a 616-13 in-

T want to tell you

Louis-Charles bout. 1
stalled in my home.

that T have wnever enjovell a sports
broadeast as much as that one.  Always
before, the noise from elevators and elec-
trical machinery in our apartinent house
spoiled half the fun. but we got that
fight without a click or a rattle of in

terference.”

And from the country:  “Until we
got our REL FM receiver. our dog never

But

even he can recognize the improvement

paid any attention to the radio.

over AM because receplion now 1s so
clear and perfeet that if someone knocks
or whistles on a program, he jumps up
and runs to the door.  As for statie, we

<l haven't got used to seeing a flash

T ARMSTRONG S5

UICENSED uch s TAONT PATENTS

of lightning without hearing a roar from

the radio speaker.”

The manager of an FM station told
us: "Whenever T get a complaint from
an M Distener. T ogive the name oul
address to one of the local dealers. He
sends o serviceman out to run down the
trouble. Now 1 find that his serviceman
takes along a 616-B to demonstrate on
such calls. In that way, he is selling
more of vour sets than the salesmen in

the store.”

Today. these receivers are so widely
accepted as the standard of FM per-
formance that we have had to make
maodifications of the 6H-B for varions

special purposes,

wner

We are making one model, for ex-

ample,  because  broadeasters  insisted
upon having sets to use in buses and
streetears that duplicate 6 46-B perform-
The
of Standards. after purchasing a quan-
tity  of G16-B's,
modification to meet their requirements

stll another

ance and  dependability, Burean

asked for a speelal
for propagation rescarch.
model is being used for music reception
i public places by those who require
GH-B tone quality and freedom from

SCTVICes,

Parts jobbers and designers of custom
J [

installations are invited to write for

technical data and information on dis-

counts and deliveries on the REL 66-B.

$340

WITH 19-IN. RACK PANEL, OR IN
METAL CABINET, AS ILLUSTRATED

RADIO ENGINEERING LABORATORIES, Inc.

36-40 37th STREET

LONG ISLANDCITY 1, N. Y.
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RE . THE FAS AUDIO SYSTEM

(Continued from page 25) . IMPORTANT -

R A D I o commodate all components comfortably. personal and professional
If space 1s not available for a large ampli-
fier chassis, it 1s advisable to construct OPPORTUNITIES *
the power supply on a separate chassis in for experlenl:ed -
order to avoid hum pickup.
E N G I N E E R I N G As can be seen in Fig. 1, the 6SQ7 tube EI.ECTR[]NICS ENGINEERS .
is at the left of the chassis, close to the

vo N jack: > left side. The
t_‘ .l: .l put Jad 5 ()ll. s !dt e, Ut A broad program of research, design and de-
[ 6C5 ix next on the right, followed by the velopment in new electronic fields with vast .
= oy [ ] two 6L6°s.  Direetly behind the 68Q7 1s commezcialiglanplicationsiityjithelfmanvfacturey

of Freed-Eisemann radio-phonographs and tele-
the output transformer, vision receivers provides an opportunity for

JONEERS IN THE CORRECT USE OF Components of the power supply are ';'.’,i:'.i,':,":.;:":,’,.b":p,:":.T".‘,'lhi.";qi':fﬁ':ﬁ, " e
£ direction of scientists of international repute.

ARMSTRONG FREQUENCY MODULATION all at the right, Fig. +. The power trans- Adequate _facilities.  pleasant  conditions  and

former and filter choke are at the ex- a"rac'ivle salarieﬁ make 0'his an rpp:r'uﬂi'v for
. ) . 3
treme right-hand end of the chassis, as f:a':;":,,:,.s;‘,.;ef?,“,xp;:,;:s,:"::a,|:‘,::,'.‘;‘:'::;;_ 8
v far away from the input stage as possible, neers . . . including:
| The choke is just visible above the Pr°iec'hPhY;:‘<g' for fusnd;men'al el;t'ron tube *
= AAd o s N o research. .D. or M.S. degree and extensive
UG rectifier. Three filter capacitors technical experience in the field of photo-
are Zl“"m'(l n l):l('l\ of the l‘l‘('liﬁ(‘l‘ electric, secondary emission, solid state, elec-
: SR ) : tron and physical optics
: Controls on the front panel from left semior EI . s s
: a 0 o 2 troni i iors: B.S.
AM STATIONS to right are the gain control, input switch, ;"RXB. _d?g::::‘:h,e:g;:e;,'v.ea;ears.,"'"e';;‘e'ie?‘ce
CAN NOW USE bass and treble level controls, pilot light. in television, radar, and display-circuits.
= REL 707-B and the AC ox-0rF switeh. The level- Project Engineer: Ca%able of designing low- .
E control potentiometers are components of S%V;‘er UELEL D G CoEEey (b i) ene
= 5-T LINKS TO the crossover network, Fig. 2. Their re- .
astance values depend srerikse . Furnish complete resume of education and ex-
( ELIMINATE 3]"‘ ance va u"]b] (}" pen l”'" ‘\'I"‘." (tli L R perience, salary required to Director of Research,
e dances, as will be explained in the see-
& CHARGES FOR : e
% tion on the FAS speaker system. When
TS O | | CUARSES TR on un e FAS seaker sten. Wien | FREED RADIO CORPORATION
e "_“%, = an_cxternal crossover netwark s usec onunsonla Wi
: .H_i‘, O § TRANSMITTER these controls will be external also, and
é R - can be used as operating controls or as
iy > . . .
. WIRE LINES fixed balancing adjustments.
The filter resistor, R4, is mounted on
SR ATAL a terminal strip, Fig. 5. whieh also pro-
- . . . 1 1 T
ABLE FOR vides tie points fur't‘h( other power sup- LONIN‘UNILATIO}\
& ply  components. Two other terminal .
IMMEDIATE strips, located below and to the right and SYSTEMS m the U. S.
DELIVERY left of the lower 6L6 tube, carry the Ineluding mobile, point-to-point, ond
ground and B+ buses.  All ground econ- relay innstollations .
S-T LINKS CUT AM STATION COSTS nv('tlmlls} sh()ul(]l: (;l course, :)(t mtz]l(lo tlo tlgc
2 . . ground bus, which is joined to the chassis 5 3
. FCC Now Permits Their Use on 925-940 Mec. . . ] O N ale o NO‘ 2: Reglsu‘-y Of
| at one point only. Shiclded leads should blic Saf S q
AM stations are authorized by the FCC to use REL 707-8 be used for all wiring up to the 65Q7 Public Sa (':ty ervices
S-T links to eliminate line charges, increase reliability, and pl:lt(‘. Listing all radio communication
improve program quality. Installation of the receiver and | Tw - s ean be see he systems operated by
the Serrasoid transmitter, shown above, is very straight- S ])()t(l!h()lll(‘tll‘.\ (“”.] e seen on the E
forward. All tubes are standard, low-cost types. Antennas hack panel just to the right of a cross- POLICE — FORESTRY — FIR
are parabolic designs. Any 3rd class radiophone permittee over network choke. One of these is R7. HIGHWAY MAINTENANCE
§||  may operate the transmitter. Fig. 2. Its purpose is to adjust the total SPECIAL EMERGENCY
FM signal-to-noise ratio for the complete system is 70 db resistance 1in the cathode circuit of the N 3. Re i 5 f
b;]:: "oo‘/"so"':’d""';"',:': :'::: "::f’"“ N :";“:":i': 6C5 phase splitter, so as to equalize the 0k 2% gistry o
o rom o X ; maximum harm - | . 0 ryn . 3 N 2
tortion less than .5% at 100;0 modulation. These specifica- drive to the 6L6s. The other potentio- Transportatlon SLI‘VICCS
tions exceed FCC requirements. Write for complete [ meter and the components on the ter- Listing oll radio communication
information and prices. minal strip above it were used in develop- systems operated by N
mental work on the amplifier, and shounld TAXICABS - RAILROADS
- | be disregarded. URBAN TRANSIT - BUSES
. TRUCKS - PUBLIC GARAGES
Use of Standard Amplifiers: .
. These Registries, revised annvally from FCC
Engineers and Manufacturers of The use of the FAS amplifier design is records at  Washington, fist the name and
2 2 5 add of each licensee, frequencies, <a
Broadcast, Communication, and recommended because it was worked out Iene':ss,s make of equipment, DEr et
Associated Equipment since 1920 specifically for the crossover network and units operated by each system.

speaker svstem to be deseribed.  How- PRICE: $1.00 each, postpaid

ever, several of the standard high-fidelity .

RA D I o ENG I N E ER' N G amplificrs have been tried with the FAS GELIELT L7
_ speaker systent and modified networks. FM COMPANY
In A-B tests, the difference in audio per- Great Barrington, Mass.

lA B 0 RATO Rl Es' ‘ In c' formance was found to be a matter of

TEL.: STILLWELL 6-2101 TELETYPE: N. Y.40816
36-40 37th Street, Long Island City 1, N. Y,




personal and somewhat uncertain prefer-
ence. Accordingly, in the course of this
scries, data will be given on crossover
networks suitable for use with several
of the standard amplifiers.

Emror’s Note: Part 2 of this series will
deseribe the FAS speaker system.

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

OMMISSIONER JONES may be

correet in saying that engineers em-
ployed by commercial interests have at-
tempted to mislead the FCC on technical
issues, but the most ethical and able en-
gineers have no chance to prevail when
they are confronted with evidence manu-

factured to the specifications of the

FCC's Legal Department. In his re-
marks about the industry’s radio engi-
neers, Commissioner Jones said “that
their cconomie interest blinded their en-
gineering judgment.”

We'd like to observe that public in-
terest. convenience, and necessity would
be served to much better advantage if
the FCC were not so top-heavy with
lawyers. and so lacking in engincers of
intellectual ability and integrity.

The effect of this state of imbalanece.
and its threat to the future of the radio
industry., was brought out in a letter
discussing radiation from FM and TV
receivers which Major Armstrong wrote
on August 1. 1950, to Dr. W. R. GG, Baker.
RTMA’s Director of Engincering.

Major Armstrong cited specific ex-
amples of FM receiver design from which
radiation is acceptably low. and others
which caused interference over a radius
of onc-half mile. Radiation trouble is
now growing to serious proportions be-
cause in both FM and TV, well-estab-
lished engineering rules are, he wrote,
“now being flagrantly violated by a large
part of the industry. perhaps to their im-
mediate profit, but certainly to the ulti-
mate detriment of the publie.”

“In governmental circles.” Major Arm-
strong continued. “the grade of engincer-
ing is little better. In fact, the present
situation is due as much to FCC engi-
neering incompetence as to unsound com-
mercialism in the manufacturing indus-
try. The discredited Norton and Allen
theories  (see Proceedings, IRLE, Feb-
ruary, 1947}, which moved FM to its
present wave band. brought about the
interference which. without the move,
counld not have existed. That is not, how-
ever. the major error in judgment. The
major crror is the alloeation of the fre-
quencies of an air navigation service to a
place within the interference range of M
and television sets where, with a large
number of scts scattered about the coun-
try. the chance of something going wrong,

(Coneluded on page 38)

1 BIAS—which connects the meter ta indicate

Newest AMP

HIGH FIDELITY
MAGNETIC TAPE
RECORDER
Model 400

TERMINAL brings you
this new incomparable
15,000 cycle perform-
ance at 714 inches per
second that equals the
performance of 15 IPS
full-track recorders
and gives 4 10 1 sav-
ings in tape cost.

2 FULL HOURS OF PROGRAM
MATERIAL CAN BE COMBINED ON ONE 10’ REEL

METER & OUTPUT SWITCH — Position *'B"’ 7%"-18"” EQUALIZATION — Adjusts elec-
(l.e;el')",hconneds meter ’l'l.ine Output’’ plug,  tronics for proper operation at 7V/2 or 15i.p.s.
and “Phones” monitor plug 1o the output of  INPUT TRANSFER SWITCH — Properl
U9, - perly con-
’hhe_lpluybc'ck for monitoring of P'°Yb°‘|§: nects ‘nput plug for: 1) 200 ohm microphones
5 'e,,r,fwd-"s or ploying bock topes. Posi-  such as R C.A. 44BX, KB-2C, etc. 11) Balanced
,,':":o o :nn'e'c's }t""” o‘:"P“’ plug, and  bridge for bridging telephone lines or bel-
£ "" s~ monitor plug to the -ecord ampli- ancea studio lines. 111} Unbalanced bridge
iy °'Ud'd'"' ’“‘_"’!"°’,f””’h° incoming pro- 100,000 ohm input for radio tuner, phono
gram. Under position “A” there are three pre-omp, bridging public address equipment
swnch'pc;;mons designated: LEVEL — which or unbalanced studio lines
cannects the meter t ’
fonny meter to meosure record volume o R INCH "VU” METER — Volume level
meter used to indicate proper record volume
level. This instrument can be switched for

proper recard bias. -1 i r
ERASE—which connects the meter to indicate 8:,°,,'3.' Sf‘\:::";'o'r)s os listed under “Meter &

Tape t
praper erose curren OUTPUT LINE TERMINATION SWITCH —

SPEED CHANGE — Toggle switch permits  Plazes 600 ohm terminator ocross amplifi
i ! e 1 r g plifier
quick choice af 712 ar 15 ip.s. tape drive  when same is not externally loaded (This s

speeds. . necessary for proper meter calibration).
RECORD BIAS AD’JUS‘WM!NT — Biased for  OPERATION SELECTOR — Switch provides
moximum output of 1000 cycle tone (foctory for normol forward or fast forward or fast
adjusted), rewind,

CUSTOM SET-BUILDERS — AUDIO ENGINEERS

Terminal Radio can furnish promptly all components required
for FAS amplifiers and speaker systems, in addition to turntables,
pickups, and FM-AM chassis necessary to assure the superlative
performance of which FAS installations are capable. If you haven’t
a copy of the Terminal Radio eatalog on hand, write for one today !

FREE. e ¢ WRITE FOR YOUR PORTFOLIO OF 15 IDEAS
FOR CUSTOM RADIO-PHONOGRAPH INSTALLATIONS.

This profusely illustrated booklef gives you actual photos of installations in typical room
settings.

VISIT US IN ROOM No. 622 AT THE AUDIO FAIR OCT. 26-28

TNERMINBL

wWAD\\O CORPORAINON
Distributors of Radio & Electronic Equipment

85 CORTLANDT ST., NEW YORK 7, N. Y. « WOrth 4-3311 « Cable: TERMRADIO
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Three-speed reproduction unit in portable case . . .
with the exclusive Polyphonic Selector that main-
tains tonal balance and equalization for the par-
ticular selection being played. Plays up to 16"
transcriptions, standard pressings and micro-

grooves, both American and foreign. Dual

stylus cartridge in 16" arm; 8 PM speaker;

machined aluminum turntable; Neoprene

idlers; heavy duty motor; power output 10 watts;
" inputs for mike, radio and xtal pickup $199.95

Newest thing out . . . plays at any speed
from 25 to 100 RPM without "WOW",
Constantly variable, reproducible speed
settings, accurately calibrated for 33'5,
45 and 78. Play your records at their
best sounding speed . . . set tempo
just as you want it. 12" precision
machined cast turntable; constant
speed AC motor; noise level 30 db down.

\Model CV$-12—Chassis, motor and turntable. .. .. .$ 84.95
Model CVS-12P—In portable case with 16" pickup. .$124.95

OTHER REK-O-KMJT TABLES

SPEED SPECIFICATIONS NET PRICE

78-33 1/3 | Noise Level: -50 db $119.95
Motor: Hysteresis Synchronous
Chassis: Aluminum casting, cross ribbed,
flush mount
Turntable: Aluminum, lathe turned
35 rpm idler with record adapter
interchangeable with 33 1/3 6.00

45-33 1/3 | same as for model T-12H $119.95

78 rpm idler, interchangeable with 45 rpm 5.50

NEW RCA 15 DUO-CONE SPEAKER

High fidelity speaker with “builtin crossover,” no network needed,
minimum crossover interference. Can handle up to 25 watts power.
Has dua! voice coils driving dual cones, with crossover frequency at
about 2000 cycles, at which point the duo-cones vibrate as a single
unit. Alnico V magnet weighs 2 pounds, speaker 15 pounds $49.50

WESTERN ELECTRIC SPEAKERS

Here's another good buy from Harvey’s. Genuine Western Electric speakers at a
new low price, every one brand new in factory sealed cartons, These are the
genuine article from our regular stock.

12’ — 728-B $31.20 8" — 755-A $22.35

IN STOCK

Complete Parts for the F. A. S. Method of Audio Reproduction described
in This Issue.

AUDAK POLYPHASE PICKUPS

Wide range performance on standard or micro-groove records. The L-6 head is of
studio quality with many exclusive features. Models for studio and station use, for
home changers and home use. Vertical-lateral models also.

L-6 head for studio 12 Audak arm
L-6G for Garrard................ 23.40
L-6G for Webster 23.40
R-2 for lateral records 14.70 16’ studio arm ........... £0a0000

16’ arm

VISIT THE Telephone:
AUDIO- = e
TORIUM -

Come in ond visit our
new sound departrent

NOTE: In view of the

? ket conditions, al!
1 prices shown are sub-

« o o all these items : B i+ £ ject 1o change without §

and many more on n VA orol ek | notice and are Net,
warking disploy ot all &) ; F.0.B., N.Y.C
times. - : | T

g 10 St., New
[T T T o NI et ) 1

rapidly chonging mor. &

WHAT’SNEW THISMONTH

(Continued from page 37)

even with properly designed sel=. must
be considered.  Why some of the non
vital types of air communication services
were not assigned there to serve as a
buffer region, so that all services adjacent
to safety-of-life channels could be inder
CAN supervision, is something in need of
much explanation.

“There s likewise a second question
which required answering:  Why is the
guidance of a ship and ils passengers en
tensted to a bramsmitter having the pea
nnt-like power of 200 watts — just aboul
i quarter horsepower, when thousands of
horsepower are employed in the other
part of the transportation problem: that
of keeping the <hip in the air? Sonnd
engineering judgment would dictate the
use of =uflicient power from ground trans
milters to override even chanee radia
tions from damaged FM or TV sets or
diathermy machines out of control. Feual
lack of foresight came 1o light a few years
ago when planes were provided with
superheterodynes for instrument landing
operation with insufficient image rejec
Gon against FM transmitlers in the cen
ter of the band.

“Ihe list of mistakes that <hould not
have been made conld be continned, bt
~ullicient instanees have been given to
make the point.  Chairman Coy of the
Federal Communications Commission is
to be commended for bringing into the
apen w problem which both the Commis.
ston and the industry have been aware of
for at least two vears. This Conmmission,
however, would inspire more confidence
were it to admit the mistakes of the
former Commission, in whose actions
the hasie responsibility lies. The present
Commission is now face to face with the
laws of Nature: it will find that they are
ax immutable as the laws of the Medes
and Persians=. .\ refusal to recognize that
a bridge is improperly designed will not
prevent the future collapse of that bridge.

“Iangeest to the Radio and Television
Manufactnrers Association if it expeets
to continne to do its own engineering that
il take the steps necessary to see either
that that engineering is done properly., or
that the facts aboul sound enginecring
be so plainly presented that responsibility
for their violation can be squarely placed.
11 it does not do this it will find its en-
gincering being condueted for it by some
government burean, perhaps on a lower
plane of competence, but none the fess
heing condneted for i

Yes, that certainly ean happen to an
industry  regnlated by a government
ageney against whose decizions no appeal
can be taken. even though they are
technically wrong, as long as they are
legally right.

FM-TV, the Jorrxan of Ranto CoamuNicarox



FREQUENCY-INTERLACE

(Continued from page 11)

An adder is shown in this diagram into
which may be fed:

1. Green video signals

2. Red lows on a subcarrier

3. Red highs direet

Lo Blue Tows on a sccond subearrier
J. Blue highs direct

6. GO pilot signal

The adder output frequeney speetrum
would then ook like that shown in Fig. o,

Time-delay networks may also he re-
anired in the transmitter and if o would
probably go into the green and red ¢han-
nels sinee onee again the blue channel
will be retarded the longest inherently
hecinse of the relatively narrow band-
width  devoted 1o blue  low-frequeney
Time-delay networks may
also be required in the red high and blue

component s,

high cireuits as indicated in Fig, 8,
Relaying and Propagation:
The video signal is capable of being
transmitted over cable and radio relay
nelworks without loss of fidelity provid-
ing Lhe characteristies of the network are
such ax to provide good transmission up
If the cable or radio link has a
hand pass of only 2.8 me., the picture is

to | me.

~tll usable as a black-and-white picture
but not as a color picture because the
blue and red would be missing,

vagaries  al

Anomalous  transmission

UHE are rare. Henee it ix not antici-
pated that any difficulties will be encoun-
tered whieh would temporarily blot out
a portion of the radiated band thereby
removing a blue or a red carrier and the
sidebands. Instead. it is to be expeeted
that a continuous flow of all of the in-
received, with no

formation would be

significant vartations,

Compatability:

This color syvstem is compatible in that
present black-and-white receivers, regard-
less of video bandwith, can be used to

receive color fransmissions in black-and-
white. The green picture would consti-

tute the signal employved in reception,
Cross-talk would caunse no trouble be-
catse il 1s geometrically in the same posi-
tion on the sereen as the green signal it-
self. If the polarity of modulation is
carcfully,  the  black-and-white
titbe may actually be aided by the cross-
talk to give lights and shadows even
when the green component is consider-
ably weakened.

chosen

Operational Tests:

\x vet the system has not been com

pletely set up. and color pictures as such

transmitted and received. This is due to
(Concluded on page 40)
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FEATURES IDEAL REPRODUCTION

TRANSCRIPTION ARMS

NEW sivees
108-B ARM

For all records — 33V3, 45 and
78 r.p.m. Radically new suspen-
sion development on the viscous damping principle for perfect tracking of
records and elimination of tone arm resonances. Instant cartridge change with
automatic correct stylus pressure. Solves all transcription problems. Ideal for
LP records. For Pickering, new GE (short), old GE (long) cartridges. Write for
bulletin. Price, less cartridges, $56.00 (effective Sept. Ist). Cartridge slides for
both GE and Pickering are furnished.

——.

MODEL
106-SP ARM

Designed to meet strictest

requirements of modern highly compliant pick-up cartridges. 3 cartridge slides
furnished enable GE 1-mil, 2"2-mil or 3-mil cartridges or Pickering cartridge to
be slipped into position in a jiffy. No tools or solder! Superb reproduction of
33", 45 or 78 r.p.m. records. Low vertical inertia, precisely adjustable stylus
pressure. Write for bulletin. Price, less cartridges, $45.15

MODEL 603 :ouauizer

Latest of the universally adopted Gray
Equalizers used, with Gray Tone Arms, as
standard professional equipment by broadcast stations. High-frequency charac-
teristics obtainable comprise 5 steps — flat, high roll-off, NAB, good records,
poor records. For both GE and Pickering cartridges. Price, $50.70

MODEL 602 countizer

Has 4 control positions, highly accurate response curves. Price, $49.50

Write for bulletins on Gray Equalizers.

R E S E A R c “ and Development Co., Inc.

20 Arbor St., Hartford 1, Conn.

Division of The GRAY MANUFACTURING COMPANY
Originators of the Gray Telephone Pay Station and the Gray Audograph

formerly £M. and FI Ramo-Freerroxies 39



.0025%,

an accuracy of .05%,.
Attenvator: Heavy cast aluminum,

Modulation: 400 cycles.
A.F. Output: 0-2 volts,

information today!

-

FREQUENCY-INTERLACE

(Continued from page 31)

the relatively short time available. Pre-
liminary laboratory tests have been
made, however, to verify some of the
hasic prineiples.  For example, a con-
tinuous-wave oscillation frequency repre-
sentative of a red earrier has been super-
imposed on a black-and-white picture.
and it has been determined that the best
frequencies for it are any of those lying
between line-frequeney harmonies. When
the injected frequency coincides with a
line-frequency  harmonic, vertical black
and white bars are visually evident.
When the frequency of the injected wave

40

MODEL 292-X

TECHNICAL CHARACTERISTICS

Frequency Range: 120 kilocycles to 120 megacycles, 150 to 220
megacycles in 8 ranges—all on fundamentals.

Frequency Calibration: Each range is individually calibrated and is
guaranteed to an accuracy of within + 1%,

Crystal Accuracies: Specicl oscillators available with accurocy to

Crystal Controlled: 1000 k¢ crystal provided with ecch generator with
Output Voltage and Impedence: 1 to 100,000 microvolts into 52 ohms

Decibel Meter: — 10 to + 38 db in 3 ranges.
Specifications: 14" x 162" x 8”; 29 Ibs.,, 115V, 50-60 cycles, 35 watts.

In strong portable case shown, or in attractive steel display case $231.95.
See the HICKOK Model 292-X at your jobber’'s, or write for odditional

THE HICKOK ELECTRICAL INSTRUMENT CO.

10530 DUPONT AVENUE . CLEVELAND 8, OHIO

1910 » POt Hnnivernsary + 1950

UNIVERSAL
Meero Yol

SIGNAL
GENERATOR

RANGE
120 ke to 220 mc

in

One Instrument

CRYSTAL
ACCURACY
Available to .0025%

is shifted to lic midway between har-
monies of the line frequency. two effeets
are noticed: 1) a dot pattern replaces
the vertical line pattern, and 2) the in-
tensity of light variations is reduced.

HIGH-SPEED FM FACSIMILE
(Continued from page 20)
misston and reception of a page of

graphic material.
Conclusion:

The equipment deseribed herein provides
a modern  facsimile  system. At the
Weather Bureau in Chicago, in more
than twenty months of service, it has

provided fast and inexpensive communi-
cation with minimum maintenance de-
mands.  Since November, 1918, the sys-
tem has been out of operation only one
day. That interruption was caused by
antenna icing.

“aesimile  transmitters and  receivers
are operated and maintained by person
nel of the Weather Bureau.  Speeially-
trained operators are not necessary.

FAX & TELEMETERING
{(Continued from page 17)

tially. Because the recorded copy is con-
tinuous, the map is reeeived in two sec-
tions rather than four which, when joined
with plastic tape, provide a map 16.4 by
23 1ins,

The maps are not specially prepared
for facsimile transmission, and certain
areas contain  high concentrations of
small figures and symbols.  For adequate
resolution, a minimum advance of 105
lines per in. is used. Normally, ten shades
can be transmitted from full black to
white, and the transmitter operator can
emphasize cither the lighter or darker
shades of the transmitted copy.

VIIF receivers feeding the faesimile
recorders operate continuously and un-
attended at the receiving terminals. A
recorder operates only when the carrier-
operated receiver relay is closed by a
transmitter signal.  Automatic phasing
is effected by transmission of an audio
phasing signal.

Telemetering Weather Data:

The Weather Bureau also operates a
number of scattered, unattended weather
stations which measure automatically
such variables as temperature, wind ve-
locity, and  barometric pressure, and
transmit signals proportional to these
quantities to central pickup stations.
There are many unattended sites where
telephone lines are practically or eco-
nomically unsuitable, and at these sites
the signals must be transmitted by radio.

Fig. 2 is an interior view of the equip-
ment installed at Rollins Pass, Colorado,
140 miles west of Denver.  The vertical
chassis at the left is the basic FM trans-
mitter; the chassis at the right is the
supcrheterodyne  receiver.  The  unit
mounted above these two is the 4-65A
power amplifier and power supply. A
control panel in the eenter contains a
coaxial relay which shifts the antenna
from receiver to transmitter.

This equipment is arranged to trans-
mit a series of weather data from adja-
cent  meteorological instruments once
cach hour. In addition, the equipment
can be activated by transmitting an
interrogating carrier from the central
station at Denver. The interrogating

(Concluded on page 41)
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FAX & TELEMETERING
(Continued from page 40) |

carrier causes the recciver to switch on |
the transmitter, which then transmits
the data in the normal fashion.

Various circuit arrangements are pos-
sible for the telemetering operation. One |
method which has been tested consists
of assigning a keyed audio frequency |
to ecach variable to be transmitted and |
separating the different modulating fre- |
quencies at the receiver with selective
resonant relays. The method currently
used transmits each variable in sequence.
by means of a coded signal whose pattern
depends on the magnitude of the cor-
responding variable,

CUSTOM DESIGNS

(Continued from page 29)
the bottom of page 16 in FM-TV for
June, 1950, Tt is very useful because so
many people don’t know that all kinds of
equipment not found in factory-huilt sets
can be included in eustom-built designs.
For example. when Mr. Smith sees what
I put in for Mr. Jones, he may wish he
could have a similar system but with
other added features. Yet he may not
know that those features are readily
available until T invite him to see my
demonstration setup.

How does a custom designer get new
customers? Most new business comes
from the satisfaction of clients previously
served. People live in groups. A family |
that appreciates fine audio reproduction
from an attractive system probably be-
longs to a group of families with similar
tastes.

So the business grows. It takes root
in work well done. Tt is nurtured by
good will and eonfidence. Other means
of promotion are very limited. The cus-
tom designer is in much the same posi-
tion as a doctor or a lawyer. They suc-
ceed or fail according to their reputations.

One very useful selling tool available to
the custom designer, however, is a hook
of photographs of installations he has
made. and any other pictures he can col-
leet to show prospects how systems in
other homes might he adapted to his
particular needs.

Typical Installations:

The accompanying illustrations show
some of the various types of installations
[ have made recently. Figs. 1 and 2 il-
lnstrate a conventional arrangement that
meets a wide range of requirements.
Sometimes it is necessary to furnish the
entire bookcase construction. In other
instances, only a modification of existing
shelves is necessary. This system is made
up of an FM tuner and an amplifier
and noise-suppressor in the two upper

October 1950

type with quick lift cover.

Motorola
FM 2-WAY
RADIO

~——with the broad nose and steep skirt
characteristic, affers the mast practicable solu-
tian to adjacent channel operatian plus pratec-
tion against obsalescence far many years ta
come, It provides full madulatian acceptance of
+15 Kec. at 6db.down and full adjacent chan-
nel rejection at the skirts.

THE NEW UNI-CHANNEL SENSICON
DISPATCHER incorporates all of these Matorola
inventions and developments:
® The Sensicon Circuit
® Statomic Oscillator
® Differential Squelch
Permakay-10 Wave Filter
® Capacitance Discriminator
Instantaneous Deviation Control
® Thermally Balanced Crystal Oven

ENGINEERED for true adjacent channel opera-
tion. Available for operation in the 25-50 mc.
band and 152-174 mc. band. R.F. power aut-
put: 10-12 watts.

Motorola

COMMUNICATIONS & ELECTRONICS DIV.

Choice of new all-in-one front model,
or trunk mount unit—both are drawer-

New UNI-CHANNEL SENSICON DISPATCHER-

waththenmvdawSmuwuw

QUICK INSTALLATION

In any of several mounting pasitions, the com-
plete, permanent iastallation requires only faur
screws,

COMPLETE "SHAKE-DOWN' TESTED

——by Motorola’s engineering laboratory, the
unit undergoes exhaustive tests to meet extreme
conditions of service. (Tests made against tem-
perature, humidity, and shock.)

ANTI-DUST HOUSING, with heavy duty con-
struction throughaut. Here is truly the ailpur-
pase 2-way radio for every type of mobile
application—offering the owner the benefits of
advanced design, complete reliability, enduring
economy, and freedom from obsolescence.

4545 Augusta Blvd., Chicage 51 - in Canada: Regers Majestic, (td., Toronto

sections, with a filing space for LP rec-
ords and a changer below. The loud-
speaker enclosure was built into the up-
per shelves, on the left.

Fig. 2 shows how the front of the
changer compartment is hinged across
the center. It is a small matter, but it
permits the use of a deep drawer, and
gets the front out of the way when rec-
ords are being put on the changer. Cool
air enters the equipment section from
*he open space at the bottom, and moves
out through slots cut in the back of the
shelf directly above the receiver and am-
plifier.

Although the cabinet shown in Fig. 3§
is of rather large dimensions, its corner
location involved no loss of useful floor
space. Equipment comprises an FM-AM

formerly FM, und FAM Ravio-ELeEcTRONICS

tuner, amplifier and notse-suppressor, a
drawer-mounted changer, and a speaker
on the opposite side of the room. A sec-
ond speaker, Fig. 4. is in another room
used as a stady. Sinee no floor or wall
space was available, a mounting was built
over the filing eabinet.

Fraternity houses avd elubs need good
radio reception for sports events and for
dancing. Here custom insiallations show
up to good advantage because standard
radio-phonographs gererally arent ade-
quate. and they don’t stand up under
the rigors of such service. Fig. 5 shows
a unit built for the Theta Chi House at
the University of Connecticul.

There is an FM-AM tuner, amplifier,
and record-changer at the top. with filing

(Conrtinued on page 43)
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TV ANTENMA ROTATOR

With #u{vmafia TRAVEL ACTION
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Antenna Rotates '{Gpldly one Neoprene Seuled ot Factory

Mast Sizes from
Con- « Accommodates
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Hard-to-Get Items
for the
FAS AUDIO SYSTEM

Save time and trouble, and make sure of
getting the correct components for the FAS
speaker system. Available for immediate
delivery from General Apparatus Company.

FAS AIR-COUPLER: The bass speaker
enclosure in knocked-down form, ready to
assemble. Speaker opening is not cut, so
that you can use any type of speaker you
prefer. .............. Item No. 1: $34.50

AIR-COUPLER & SPEAKER: As above,
with hole cut for an Altec 600-B 12-in.
speaker, which is also supplied.

Item No. 2: $74.50

NO. 1 CROSSOVER NETWORK: For add-
ing the Air-Coupler to an existing audio
system. Consists of 2 inductors, 2 capaci-
tors, and a variable resistor for impedance
matching. ............ Item No. 3: $9.50

NOS. 1 & 2 CROSSOVER NETWORKS:
Components for the complete speaker sys-
tem, designed for use with the Air-Coupler,
a medium-range speaker, and a tweeter.
Consists of 4 inductors, 4 capacitors, and 2
variable resistors for impedance matching.

Item No. 4: $15.00

12-IN. ALTEC 600-B SPEAKER: For use

in the Air-Coupler and as the medium-

range speaker. Impedance is 8 ohms.
Item No. 5: $40.77

RACON CHU-2 TWEETER: The improved
driving unit with a divided horn. Impedance
is 15 ohms. .......... Item No. 6: $22.50

COMPLETE FAS SPEAKER SYSTEM:
Comprising items 2, 4, 5, and 6 above.
$147.50

When you order from G.A., you are protected
by an unconditional guarantece that every
part will arrive in new and perfeet condition,
shipped in the manufacturer’s original carton.

General Apparatus Co.

South Egremont Massachusetts




CUSTOM DESIGNS
(Continued from page 41)

space for LP records in the drawers be-
low the speakers, and ample room for
albums behind the sliding doors at the
bottom. Toe-space is provided across
the front so that the cabinet will not be
marked.

One of the two speakers is mounted at
a 45" angle, to direct its output toward
the foyer. Space between the speakers
will be used subsequently for a TV set.

A favorite plan of mine is to use cup-
boards for mounting radio equipment.
Fig. 6 illustrates a typical design. The
insert shows the appearance when the
doors are closed. TV unit, amplifier, and
tuner are of coordinated design, greatly
simplifying the arrangement.

Figs. 7 and 8 show a job for an ad-
vertising agency that posed some unusual
problems. 1t is in the General Electric
Building, New York City. The antenna
is 13 stories above the receiver, necessita-
ting the use of 780 ft. of RG-11U cable
run down through ducts and conduits.
In addition to audio and television recep-
tion, the varied uses of this equipment
call for a sound motion picture projector
and plug-in connections to the amplifier.
When that equipment is in use, a screen
is hung in front of the speaker. There
is also a tape recorder which can be
pulled out, disconnected, and carried off
wherever it is needed. Later, the tape
can be played over the amplifier and
speaker system.

Frequently people want extra speakers,
as in Figs. 9 and 10. Here, the equip-
ment is in the library, with a speaker
in the living room. T-pads, mounted
under the FM-AM tuner, provide indi-
vidual volume controls. Also in that
space is the control for an antenna ro-
tator. Ventilation is obtained from an
inlet at the bottom cut through to the
cellar, and an outlet slot in the shelf di-
rectly above the tuner and amplifier.

The old chestnut cabinet, Fig. 11, is a
particularly handsome piece. It was
finished to match the existing woodwork
exactly. The record-changer is in a
drawer below the FM tuner, with record-
storage space behind the end doors. Ven-
tilation is provided by the grille at the
rear. No speaker can be seen, as it is
mounted inconspicuously at the other
end of the game room.

Fig. 12. shows a radio-phonograph sys-
tem with a special amplifier and equalizer
to handle speakers mounted in several
different rooms.

Notes on Details:

A study of these illustrations will reveal

the careful attention given to every last

detail of equipment, appearance, and
(Concluded on page }4)

Send for ALLIED'S
NEW 1951 CATALOG!

§ * ELECTRONIC SUPPLIES for INDUSTRY
‘ e BROADCAST STATION SUPPLIES

World's Largest Stocks « Complete Expert
Service from One Central Supply House

<l

Alljgy
Simplify your porchasing problems—send your consoli- : Rgdl- -
dated orders to ALLIED—the single, complete source for ~— L, 0 s
all electronic supplies. Rely on ALLIED for the world's e

largest stocks of parts, tubes, test instruments, audio
[ equipment, accessories—complete quality lines of elec-
tronic supplies ready for immediote shipment from stock.
ALLIED'S expert Industrial and Broadcast Station supply
service saves you time, effort and money. Send today for
your FREE copy of the 1951 ALLIED Catalog—the only
complete guide to electronic supplies for industrial ond

broudcast station opplications.

833 W. Jackson Blvd., Dept. 20-K-O o

Everything in Electronics from ONE Source

...Quickly and
Accurately -

with this TYPE 110-B

- QX-CHECKER

The QX-Checker is a producfion type test instru-
ment specifically designed to compare the
reactance and relative Q of small RF inductors
with approved standards. The two factors, re-
actance and relative Q, are separately indicated,
one on the meter and the other on a condenser
dial, so that the deviation of either from estab-
lished toleronces is immediately shown. Buidt to
laboratory standards, the QX-Checker is a sturdy,
foolproof instrument for use in production work
by factory personnel.

SPECIFICATIONS

OSCILLATOR FREQUENCY RANGE: 1.5 to 25 mc.in 3
ranges using accessory plug-in-coils (twe coils fur~
nished with each instrument).

' BOONTON ‘RKADIO

BOONTON-N-J-U-S-A €
‘ DESIGNERS AND- MANUFACTURERS OF

THE
GENERATOR .

October 1950—formerly FM, and FM Rapio-ELECTRONICS

ALLIED RADIO CORP.

 CHECK small indluelvts-

(2)

“Q" METER . .
- BEAT FREQUENCY GENERATOR .

212 PAGES: Equipment for
Research, Development,
Maintenance and Produc-
tion Operations

Send for
1951

Chicago 7, lllinois

ALLIED
CATALOG

ACCURACY OF COIL CHECKS: Inductance values be-
tween 5 and 35 microhenries may be checked to an
accuracy of +=0.5%. Smaller values down to 0.1
microhenries may be checked with decreasing
accuracy.

INDICAT!NG SYSTEM: Q indicating meter with well ex-
panded 3%’ scale shows departure of Q from
nominal value. Vernier condenser scale calibrated
directly in terms of percent departure from known
standard over range of - -15% to +-20%. Capaci-
tance scale is aiso provided reading changes of 50
mmf. o +50 mmf. from nominal circuit capacitance
of 300 mmf.

POWER SUPPLY: 110-125 volts, 50-60 cycles, also 200-
250 volts, 50 cycles.

DIMENSIONS: Width 12% "', Depth 18", Height 8.
WEIGHT: 26 Ibs. PRICE: $415.00 f.o.b. Boonton, N. J.

Write for Cotalog

QX-CHECKER .. . . FREQUENCY MODULATED SIGNAL
- AND OTHER DIRECT IREADING TEST INSTRUMENTS
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ALTERNATOR
System

FOR TWO-WAY RADIO

High power mobile radio requires adequate generating
equipment to maintain operations and prevent
battery failure. Leece-Neville Alternator Systems
meet this requirement and more . . . whether for
police, fire dept.. taxi, utility or business.
With engine idling, a Leece-Neville Alternator System
generates from 25 to 35 amperes. Full capacity
is produced from 18 mph to top speed.

There are 7 volt Alternators rated at 50 and 80 amperes.
No other electrical system matches the performance of a
Leece-Neville AC-DC Alternator System. And it

will pay for itself through reduced operating expense.

For all the facts, just write Dept. 13,
The Leece-Neville Company, Cleveland 14, Ohio
Pioneer and STILL Quality Leader

Liiﬁii//e

i
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CUSTOM DESIGNS

(Continued from page 43)

finish. The cabinet work for most of my
installations is done by Irving H. Beck-
with and his son. Frequently, molding
and trim must mateh existing woodwork,
calling for making up special cutters.
Sometimes existing hardware has to be
matehed, even if copies must be cast,
machined, and finished.

I very often mount speakers on angled
baflles, so that the sound is directed to
best advantage. Of course, this cannot
be seen through the grille eioth. I always
mount the grilles with spring clips, so
they can be removed casily. A small
space is left between the grille and the
cloth because, if they are in contact, the
cloth will wear, due to vibration.

As a rule, 1 use Workshop antennas
with RG-11U cable, which can be run in
conduit when necessary, or adjacent to
metal. It is mechanically tough, can be
painted, and does not seem to deterio-
rate.

Usually, installation work is fairly
simple and straightforward, but oceasion-
ally there are real complications. One,
for example, called for the services of a
carpenter, two cabinet-makers, a painter,
an electrician and helper, and an air-
conditioning contractor. Also a 10-ton
erane, manned by a crew of six, was
needed to erect a 4,800-lb., 105-ft. mast,
and telephone and power linemen had to
remove and replace obstructing wires.
That mast was put up without damaging
a tree or a shrub.

AM and TV Reception:

As you can see from the illustrations,
AM reception is a rather minor consider-
ation in custom jobs. Many do not pro-
vide for AM at all. The whole purpose
of these installations is to produce high-
quality reproduction, and AM doesn’t fit
into that kind of a picture.

The television situation is a different
matter. When a customer wants TV re-
ception included, my concern is whether
or not he can get absolutely top-quality
images. 1 know from experience that
dissatisfaction over one part of the equip-
ment can spoil an owner’s enjoyment of
the part that works perfectly.

Therefore, if there is doubt about the
signal level or the interference at a given
location, 1 say so very frankly. It isn’t
wise to furnish any equipment that may
be uncertain in operation, nor do I want
any uncertain operation associated with
one of my installations. It is much better
for me to persuade the customer to get
a TV set from someone else, and to in-
stall it separately. But when I do sup-
ply television, every effort is made to
provide performance as good or better
than he will see anywheer else.

44 FM-TV, the JournaL of Rapio CoMmuNicaTION



the
CRAFTSMEN RC-10

HIGH FIDELITY
FM-AM TUNER
This new tuner was your idea
It is the precisely engineefred
answer to hundreds of questions
. the solution to scores of
.pr.oblems . . . the outgro,wth of
countless suggestions we’'ve e~
ceived from you. Developed
from your ideas—ana @ few of
ours—the RC-10 retains every
feature of the fomous RC-8. And
it offers o host of innovations.
o Built-in pre-amplifier compen-
scted for reluctance pickups
e Automatic Frequemcy Cen'.rcl
entirely eliminates drift, sim-
lifies tuning.
] : microvolt sensitivity on both
FM and AM.
o 10 ke filter on AM eliminates
inter-station squeals. ol
. and treble tone contra
fB:rseboost, cut, or 20—20,000
cycle flat response.
... the RC-100A vitra-sen-
SEe sitive, custom TV with
built-in booster.
HEAR . . . the RC-2 high ’idel‘iey
amplifier. All units fin-
ished in chrome.

Write for information—er send 50¢
far instructions ond schematics,

THE RADIO

c[ﬂ tnsncononnso

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

MOBILE RADIO NEWS
(Continued on page 16)

Miscellaneous Notes:

The State Guard Radio Service is to be
restored under a proposed amendment
issued by FCC which would add a new
Subpart K to Public Safety Radio Serv-
ice Rules. Some thirty authorizations
were Issued during World War I in this
Service, deactivated on July 1, 1948,

FCC has decided to hold hearings to
determine which applicants will receive
regular licenses as miscellaneous common
carriers in Losx Angeles, New York and
Houston.  Hearing dates have not yet
been fixed and probably won’t be until
FCC  deeides  two-versus-four-channel
question of allocations in the same area
for this service.

COLOR ASTHEFCCSEES IT
(Continued from page 15)

were the monochrome pictures from color
transmissions under the RCA or CTI
proposals, . .

You have undoubtedly heard the C'BS
color system deseribed as a mechanical
system. . . The Commission pointed out
in its report that the CBS system is not
limited to the mechanical dise. A projee-
tion receiver was shown which did not
require a dise.  Also, if a direct-view tri-
color tube is suecessfully developed, all
the expert witnesses agreed that it can
be utilized on the CBS system. . .

All of the Commissioners agreed that
it would be desirable to have a compat-
ible color system if that were possible.
However, the Commission was forced to
conclude that no suceessful compatible
color syvstem had been demonstrated. . .

Bracket Standards Plan:

All of the Commissioners are of the opin-
ion that if a decision must be made now,
the CBS color system would be adopted.
However, five of the seven Commission-
ers are willing to postpone a decision, if
certain conditions are met, in order to see
a demonstration of a tri-color tube on the
CBS system, to receive further evidence
concerning horizontal interlace and long-
persistence phosphors, and to look into
certain developments in so-called com-
patible color systems which have oe-
curred sinee we closed the hearing record,
to see if they meet the requirements of
a color television system as set forth in
the report. . .

The Commission has given the manu-
facturers until September 29, 1950, with-
in which to tell the Commission whether
they will manufaeture receivers incor-
porating bracket standards. Tf we re-
ceive adeauate assurances on that score.

(Concluded on page 1)
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Building
a High Fidelity
AUDIO SYSTEM?

If you're building, or planning to build, a
modern high fidelity sound system, you'll find
that SUN RADIO is the numher one source
of supply and reliable information in the
U, 8. Whether you shop in person or by
mail, you'll he pleased with your dealings with
SUN RADIO.  The very finest in high
fidelity components are available at all times.
For instance . . .

PEERLESS
TRANSFORMERS

Sun Radio & Electronics “‘;‘; =
Co., Inc. is the exclu-

sive distributor of I’eer- b
less Transformers in the
greater New York area.
Far a complete Peerless
catalog, write or come
in.  Meanwhile you can
order the following hy

LY RN

mail:

PEERLESS S.230-Q $15.60
PEERLESS (-455-A § 573
PEERLESS R-560-A $ 9.30

ALTEC

SPEAKERS
SUN is the place to
lmy those famous Altec
Speakers.  Naturally.

we carry the complete
line,

/

o

VUTEC 600-B (127 Dia-cone) $40.77

RACON TWEETERS

Order _your Racon Iigh Fidelity Tweeters
from Sun Radio.

RACON CHU .2

§22.05

ALL OTHER COMPONENTS—

With one stop, or one letter you can order the
components you need for your system when
you buy from Sun Radio & Electronics Co,.
Inc, From the tuner, or pickup, to the
cahinet for the speaker. Sun Radio has a wide
selection of the finest components and siub-
assemblics.  Write for our famous Audio
Catalog.  Get on the list for our new General

2 too—due out in November. Mail
< filled carcfully and promptly.

VISIT US AT THE AUDIO FAIR—

October 26, 27, 28, Hotel New Yorker, Room
601, “Even Better Than Last Year”

& ELECTRONICS CO. INC.
122-F DUANE ST. « NEW YORK 7, N.Y.
2 Blocks North of Chambers St.

BARrciaY 7-1840

Sound Studio Hours: Daily 9.6, Saturday
9-4:30, N
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THE NEW
1400 SERIES
AMPLIFIERS

Building
Block
Design!

Successors to the famous 140 series
amplifiers, the new ALTEC 1400 series is
the most versatile amplifying,
preamplifying, mixing group ever designed.
Building block design permits
combinations to provide 2 to 12 mixing
input channels—preamplifiers that can
be mounted on the power amplifier
chassis or externally—mixing controls
that can be mounted remotely from

all other apparatus—output at line level,
when required, or 35 to 75 watts.
Thorough mechanical and electronic
design and outstanding quality

make the new ALTEC 1400 series

perfect for every speech input

and public address requirement.

1420A AMPLIFIER

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

LANSING CORPORATION

MOBILE RADIO HANDBOOK

Practical Working Data on Mobile and Point-to-Point Systems

EDITOR: MILTON B. SLEEPER — ASSOCIATES: JEREMIAH COURTNEY, ROY ALLISON

PLANNING: How to plan a mobile or point-to-point communications system. This
chapter covers the overall problems of power and topography, interference, city
ordinances, public liability, operation, maintenance, expansion, and interconnection.
FREQUENCIES: FCC rules and allocations which beecame effective in July, 1949
provided for many new services, Complete details are presented on every service
in the common carrier, public safety, industrial, and transportation groups.
LICENSES: How to apply for a construction permit, license, and renewal for a
communications system. Complete FCC forms, filled out in the correct manner, are
shown. This is of the utmost importance; incorrect forms may cause mon-hs of Jdelay.
EQUIPMENT: Three chapters are devoted to the problems of selecting the right
equipment for a particular system, specifications on trarsmitters and receivers
of all makes, selective calling and fleet control and adjacent-channel operation.
ANTENNAS, TOWERS: The problems of planning antenna installations are covered
very thoroughly in two chapters which explain the various special-purpose types of
radiators, and the correct method of erecting a standard guyed, steel an-enna tower.
MAINTENANCE: How to keep a communications system at peak performance. Methods
and record forms that have been perfected by years of experience are described in
detail. Proper balance between essential and superfluous maintenance is explained.
OPERATORS: The FCC is becoming increasingly strict about the observance of
rules relating to operator requirements at communications systems. Official in-
formation is given, with a detailed explanation from FCC Secretary T. J. Slowie.
HOW FM WORKS: Advantages of FM over AM, coverage, interference, and static
elimination, and circuit functions are explained pictorislly in 83 illustrations.
The use of mathematics has thus been avoided in this clear, practical prezentation.

An elaborately illustrated reference book for executives, communica-
190 pages, 834 by 11'2 ins.

$4.00 Cloth Bound - $2.00 Paper Cover

Published by Radio Communication Magazine
SAVINGS BANK BUILDING, GREAT BARRINGTON, MASS.

tions engineers, system supervisors,

Postpaid in the U.S
Elsewhere, 25¢ Postage
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COLOR AS THEFCC SEES IT
(Continued from page }3)

we will postpone a color decision and
look into the developments T have al-
ready referred to.  If we do not reecive
such assurances, we will adopt a final
decision and designate the CBS system
as the standard color system. . .

But. vou may ask. why is it necessary
for manufacturers to adopt bracket
standards in the meantime?  For, you
may say. if a new compatible system is
developed, the brackets will have been
unnecessary.

‘Fhese are fair questions and T will give
vou frank answers. In the first plaee.
no suceessful compatible color system
has been demonstrated.

In the second place. the Commission
recognizes that it is entirely too easy to
invent a new compatible system every
time the Commission appears to be ready
to adopt an incompatible system. 1If a
lengthy hearing is held each time. then
the number of receivers in the hands of
the public becomes so large that, as a
practical matter. an incompatible system
cannot be adopted.

In other words, if the Connnission were
to postpone making a decision on color
at the present time and proceed with a
further hearing, withont having assur-
ances as to brackets being ineorporated
into reccivers, we would be inviting a
situation where, at the end of such hear-
ing, fundamental defeets might still be
present in the eompatible system but the
incompatible system could not be adopt-
ed because the mumber of receivers in
the hands of the public would have in-
creased tremendously. . . We are unwill-
ing to postpone adopting the CBS sys-
tem if the manufacturers do not build
receivers with bracket standards, for, in
that event, we would be inviting the risk
that if the compatible system failed
again, we would probably not be able to
adopt the CBS system.

In the third place. two developments
were  demonstrated during the hearing
that hold real promise for improving res-
olution in black and white pietures.
There are horizontal interlace and long-
persistence  phosphors. More  work s
needed before a final answer can be given
coneerning these teehniques. If they are
suceessful, a change in line or field scan-
ning rate, or both, nright be desirable in
order to take advantage of the improve-
ments. By building  receivers  with
bracket standards at the present time
we will not be confronted at a later date
with the vexation of not being able to
improve resolution in  black-and-white
pictures because so many sets wonld be
ontstanding and incapable of operating
on the new standards. . .

FM-TV, the Jovrxat of Rapvio CommuNicarioN



Design Data on the
Internationally Famous

WILLIAMSON
AMPLIFIER

A new book by D. T. N.
Williamson, designer of this
renowned audio amplifier,
has been published by the
""Wireless World"” of London.
The author, formerly of M. O.
Valve Company, and now with
Ferranti Research, Ltd., has
added a considerable amount
of information on high-fide!-
ity reproduction, filters, and
an automatic fader to reduce
gain while records are being
changed.

This book contains 36 pages
with 31 photos and diagrams.

Postpaid
in the U.S.A.

PRICE $1.00
ORDER YOUR COPY FROM

FM-TV Magazine

Great Barrington, Mass.

FOR PUBLIC
ADDRESS, RADIO,
and kindred fields,

JONES
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CRYSTAL
CALIBRATOR

MEASUREMENTS CORPORATION

Model 111

FREQUENCY

wance: .25Mc.—1000 Mc.

FREQUENCY ACCURACY:

=+0.001 %

CRYSTAL CALIBRATOR
MODEL 11y

: SERAL
N .E»W.F-MEN!S CORPORATION

W CASTY

R.F OuTPUY

8.
&

NOL U,
7 LI

X
e

A Dual-Purpose Calibrator

* CRYSTAL-CONTROLLED
OSCILLATOR

e BUILT-IN DETECTOR
2 Microwatt Sensitivity

Designed for the Calibration and
Frequency Checking of Signal Gen-
eralors, Transmitters, Receivers,
Grid-Dip Meters and other equip-
ment where a high degree of fre-
quency accuracy is required.

Harmonic Range:
.25 Mc. Oscillator: ,25-450 Me.
1 Mc. Oscillator:  1-600 Mc.
10 Mc. Oscillator: 10-1000 Mc.

117 volts, 50/60 cycln, 18 watts,
6" wide, 8" high, 5" deep; 4 lbs.
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s full m'°’““: Stratford, Conn.: Stratford 7-2465
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e necting Sprague Electric Co. ... .. .
tricat  Con North Adams, Mass.: North Adams 423 1
evices Plugs. Sun Radio & Electronics Co. . 4s
5-406-AP gockets and Ter New York City: Barclay 7-1840 CORPORATION
s q rite Terminal Radio Corp. . . 37
minal Strips: w New York City: Wonhmgton 4-3311
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Washington, D. C.: M-ch'gan 4151
Howarp B. Jones Division Workshop Associates, Inc. 9
CINCH MANUPACTURING CORPORATION Newton Highlands, Mass.: Needham 3-0005
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Zenith Radio Corp. 1

Chicago: Berkshire 7-7500 BOOHtOn
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the 4-400A

EIMA
TYPICAL OPERATION

C 4-400A POWER TETRODE

MPLIFIER
UENCY POWER A
AUDIO FREAOND MODULATOR "
Class AB: (S'musoida| wave, two ‘tubes,
aunless otherwise specnhed] Vol
DC PLATE VOLTAGE 3000 4000
% T
o9 SPRFL?)YOETA-GE- 136 -lib Volts
a 5
O SIGNAL DC "
ZEI'}LATE CURRENT[')C- 160 139 a
. SIGNAL R
M?ZATE CURRENT - 20 510 Amp
O SIGNAL y
ZE?CREEN CURREgg 0 0 a
X. SIGNAL "
M’;\CREEN CURRENT 28 i0 a
LOAD
EF;E/C\FEV%O PLATE - 9200 16,000 Ohms
PEAK AF GRID
g ZO]LTAGE 136 Hb Volts
O EPOWER - 0 Watts
DR|F\)/lNG PO\{_VIE?EATE 0
M?éV?E%NSUTPUT 1100 1280 Watts
stated zero-signal plate current.

*Adjust to give

Follow the Leaders to

ES

s

The Pow

er for R-F

% Long Life
* Low Drive
4 RF Amplifier
% Audio Amplitier
¥ Simplified Cooling
* Pyrovac Plate
¥ Non-Emitting Grids

And ... thoroughly proved
* in service.

A pair of Eimac 4-400A tetrodes provides the ideal answer for a one-
klowatt AM or FM broadcast power amplifier stage. The 400-watt plate
dissipation rating of these tubes allows extremely conservative operation
at the 1-kw level, thus assuring long, trouble-free tube operation.

In AM service, the 4-400A is FCC rated for 500 watts output per tube
in high level modulated amplifiers. In FM applications, the superlative
performance of the 4-400A at VHF allows an easy 1-kw of useful power
output from a pair of tubes.

The low driving-power requirement of these tetrodes allows the driving
equipment to be reduced to simple low power stages employing low cost
tubes. The rugged construction of the 4-400A, plus a Pyrovac plate and
the use of other time-proven materials and manufacturing processes, con-
tributes to the tube's long life and ability to withstand both physical and
electrical abuse.

To simplify transmitter design, an Eimac air system socket and chimney
assembly is available for the 4-400A. This assembly provides a balanced
flow of cooling air to the tube with minimum air waste, as well as com-
pleting the shielding between input and output circuits.

The low driving-power required by the 4-400A makes it an ideal choice
for audio as well as r-f application. High audio power at low distortion
can easily be obtained with zero driving power. {See accompanying data.)

For tube economy in one-kilowatt equipment, consider the service-proven
4-400A developed by America's foremost tetrode manufacturer . . . Eimac,
Complete technical data are available . . . write today.

EITEL-McCULLOUGH, INC,

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