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static-free and real as only genuine FM Again Zenith lengthens its lead over the 

can be. Their newly designed cabinets are 

the style highlights of the radio year. Of sions of the Zeniths that were already 

course, both have Zenith's famous Long 

Distance AM, big Zenith-built Alnico Zenith's unrivaled Super-Sensitive FM, 

speakers and other Zenith advantages. they bring in a wealth of entertainment, 
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  THE /e/ià.t. COMPLETE 

DISC CERAMIC LINE 
Sprague-Herlec Cera-mite Capacitors are a "must" for modern 

television circuits. 

Now available in NPO and N750 temperature-compensating 

bodies and in two different high-K bodies, Cera-mites meet 

most application needs in the 10 mmf to 15,000 mmf capad-

tance range. 
These miniature capacitors offer set designers maximum space 

economy, ease of mounting, and improved very-high-frequency 

performance. 
The flat disc with uni-directional lead construction has min-

imum self-inductance and a higher self-resonant frequency than 

a tubular design; hence improved v-f bypass efficiency. 

Sprague-Herlec Engineering Bulletin 601B gives the complete 

list of standard ratings as well as performance specifications. 

Write for your copy today! 

• 
PIONEERS IN 

e I Cu 
'Tradema rk 

E SPRAGUE ELECTRIC compony 
North Adams, Massachusetts 

ELECTRIC AND ELECTRONIC DEVELOPMENT 

THE HERLEC CORPORATION • Milwaukee 3, Wisconsin 
(Wholly owned Soragur Subs,d ,orY) 
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MULTI-GATE* Remote 

Supervisory Controls 

Hammarlund Multi - Gate* 
systems save 50% in leased-
line rental charges. 

Hammarlund Multi - Gate 
systems provide all-elec-
tronic remote controls over 
either wire or radio circuits. 

Hammarlund Multi - Gate 
systems perform any desired 
number of separate func-
tions, including manually-or 
automatically-controlled re-
mote transmitter switching, 
monitor receiver selection, 
or any other remote func-
tions. 

Hammarlund controls are 
the only available equipment 
featuring absolute immunity 
to accidental operation by ex-
traneous sources. Optimum 
operating efficiency is main-
tained through wide varia-
tions of line level, input bal-
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 arid distinct 
functions. 

Write for literature on 
Hammarlund Selective Call-
ing, and Multi-Gate Remote 
Supervisory Controls. 

*Trade Mark applied for 
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3- RECORD CHANGER 
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HOME OF HI-FI 

Featuring the famous Garrard watch-like 
construction, this new GARR AR I) 
TRIUMPH is performance at its purest. 
Ruggedly built for long wear, it plays all 
types of records now in use, all speeds, 
all diameters, all sizes of spindle holes. 
Once setting is made—action is completely 
automatic with switch•off at the end of 
the last record. 

RC- 80, less cartridge  $36.80 
G E. TRIPLE PLAY CARTRIDGE  $8.20 
GE SELF POWERED RELUCTANCE 

PRE-AMPLIFIER .$9.38 

RC-80C—same as RC-80 but with 
$41.90 triple play crystal cartridge 

HIGH-FIDELITY 

MUSIC GUIDE 
by 

DAVID RANDOLPH 

A treasure book of ideas on how to build 
the perfect custom radio and phonograph 
combination exactly as you desire it. No 
music lover should he without this hook. 

HI-FI AT ITS BEST 
See how easy it is to assemble a high 
fidelity music system for as little as 
125.08. Learn the best way to select 
components. Note the many clever money 
saving installations that can he made 
with your existing furniture. You can't 
afford to he without this valuable David 
Randolph Book. AND IT'S YOURS FREE! 
Seml for your copy today. 

iv Wire Television inc. 

100 Sixth Avenue, N. Y. C., N. Y. 
110 Federal Street, Boston, Mass. 
24 Central Avenue, Newark, N. J. 

GENTLEMEN: 

Please send me a free copy of Davi.I 
Randolph's " Ili-Fidelity Music Guide" 

NAME - - - - - 

ADDRESS 

CITY - STATE 

JULY set production by RTMA mem-bers showed a radical shift in trend, as 

indicated by the Barometer chart below. 
The AM figure, after a steady rise to a 
1-year high in June, dropped to the low-
est point recorded since the beginning of 
1947. AM home and portable models 
amounted to only 230.711. In addition. 
there were 90,255 auto sets. 
TV receivers were down to 253,457, 

which is less than one-half the peak 
figure for last March. 
FM sets, however, rose to a new high 

for the year with a total of 102,037 for 
the month. At the present average for 

1950, this indicates that well over 1 mil-
lion FM sets will be produced by the 
year-end. In addition, there were 45,284 
TV sets with FM tuning. 

July production does not reflect any 
appreciable effect of the military procure-
ment program. However, we can already 
recognize two sharp trends. Set prices 
are beginning to climb and will be re-
vised upward substantially by the year-
end. Also, despite wrmA assurances to 
the contrary, components are in short 
supply to the point where set production 
schedules may fall below projected levels. 
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There's no telling now how TV will be 
affected, but the 7-month average so far 

gives a figure of 4.5 million for the year. 
A comparison of July production with 

the same month of 1919 shows: 

AM 320,966 sets, up .9% 
TV 253,457 sets, up 219% 
FM 102,037 sets, up 328% 

It looks as if people are beginning to 
appreciate the static-free performance of 

FM receivers during the summer months. 
If that is so, the baseball broadcasts, 
many of which are carried only on FM, 
may be partly responsible for the fact 
that FM sales are continuing to climb at 
a faster rate than AM or TV. 

Receiving-type tubes totalled 21,128,-
017, of which 14.600,533 went into new 
sets, 6,015,511 for replacements, 417,586 
for export, and 94,387 for Government 
agencies. 
The trend to rectangular picture tubes 

and larger tubes continues. In July, 47% 
of those sold to set manufacturers were 
rectangular types, and 84% were 16 ins. 
or larger in size, while 11% were 19 ins. 
or larger. Sales to manufacturers amounted 
to 341.940 units. 

MONTHLY AVERAGES 
AM TV FM 

1,36 000 14/390 98.000 
972,980 72,240 132500 
532,614 201.158 72.959 
715,612 380843 91.698 
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now tv for industry! 

H I W4 4 
CLOSED CIRCUI 

toolincevitio» 
COLOR TV SYSTEM 

Now available! le Du Mont triec-cnd•proved industrial 
color televisioi sy;tem in a complete, packaged, ready-
to-operate form. Designed spezifically for industrial 
applications,the new Du Mont TA- 164Ê1/4 Industrial Color 
IV System provides bandwidth of 18 mc. and picture 
resolution of f."2.5 lines. Fill high--idelity color from light 
pastels to deep :olo -s. 

Engineerec to pro,vide dependab -e day- in day-out serv-
i:e required 1:y rdustry, research, medicine, me -chan-
dising and countless other 'ields. Compact, lightweight, 
portable units a-e joined by inte -connecting cables uti-
I zing the fa -nous Du Mont " Jiffy" connectors assuring 
complete flex .loi i y and the Du Mont kind of depend-
ability. May be plugged into powe- line anywhere. 
Operates on 110-volt 60-cycle AC. 

DETAILS ON 

. . ALLEN 8 DU MONT LABORATORIES INC. 

4 —re/4e /h 7e1;(/". Tieele Television Transmitter Division, Clifton, N,J. 
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NOW-TWO FULL WATTS 
ANTENNA POWER 

Portable FM Radiotelephone 

PJZ-4 2-WATT 25-50 Mc 
PJZ-14 1-WATT 150-175 Mc 
PJZ-2 i-WATT 25-50 Mc 
PJZ-12 12-WATT 150-175 Mc 

The latest littlefone now gives 

greater power output for maxi-

mum performance at increased 

range, under FCC regula7ions. 

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-

tion. Available in hand-carry 

and back-pack models. 

"SQUELCH" Available 

Dry Battery Operation Optional 

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 favorable or not, only 
time will tell. However, enthusi-
astic agreement is expected on one 
point. 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, ABOUT PEOPLE 
AND COMPANIES CONCERNED WITH RADIO COMMUNICATIONS 

TV Color at FCC Deadline: 

Reaction to FCC undertaking to force 
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 manufacturers' think-
ing: You can throw blue-books at the 
broadcasters, 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-else edict 
would force 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 telling if or when 
they will be! 

1951 NAB Conference: 

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

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 broadcast and radio 
communication facilities are set forth in 
a 162-page book entitled United States 
Civil Defense. Copies can be obtained 
from the Government Printing Office, 
Washington, D. C., at 25e each. Release 
of this report has created a tremendous 

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

Phonevision Tests: 

Zenith has asked permi,,ion of FCC to 
delay start of phonevi›ion tet s until 
November 1, in order to obtain sufficient 
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 However, 
favorable developments have led to re-
newed negotiations for suitable films. 

John J. Miller, Jr.: 

Appointed chief engineer of television 
and radio research and engineering of 
Bendix television and broadcast receiver 
division at Towson, Md. Ile joined 
Bendix in 1947. 

UHF Technical Session: 

Kansas City section of the IRE will hold 
a two-day session on UHF applications 
and techniques at the President Hotel, 
Kansas City, November 3 and 4. Papers 
will cover transmitters, receivers, an-
tennas, television, and test equipment. 
Conference chairman is J. H. Van Henn, 
Box 5837, Kansas City, Mo. 

Management Changes: 

W. D. Loughlin elected chairman of the 
board 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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ELECTRICAL CONNECTORS 
SHELL 

High strength alumi-
num a loy . . . High 
resistance to corrosion 
... with surface finish. 

CONTACTS 

High current capacity 

. . . Low voltage drop 

. . . No additional 
solder required. 

SCINFLEX* ONE-

PIECE INSERT 

High dielectric strength 

. . . High insulation 
resistance. 

/ ••"' 

  offer you this IMPORTANT 

PLUS ALL THESE OTHER FEATURES 
II Moisture-proof 

• Radio Cludet 

MI Single-piece Inserts 

• Vibration-proof 

• Light Weight 

III High Insulation Resistance 

MI Easy Assembly and Disassembly 

II Fewer Parts than any other Connector 

III No additional solder required 

EXCLUSIVE FEATLIREiLÀ... 

mismak 

... PRESSURE TIGHT SOCKET 

CONTACT ARRANGEMENTS! 
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 all sizes of contacts. 

*SCIINFLEX dielectric material is a 
new development that assures unequalled 

insert performance. It is available only in 
Bendix-Scintilla Electrical Connectors. 

Write our Sales Depart new for detailed information. 

SCIN — ILLA MAGNETO DIVISION of ''el 

SIDNEY, NEW YORE 

Expol Sacs 3eniir lute national Division, 72 Filth Avenu , Ne sl'al Il, New Tod( 

FACTORY BRANCH OFFICFS. 

E Providencia Avenue, 35irbgnis, Calif.. 23235 Woodward Ave • Ferndale, Mi.: -I. • 7829 W. G-eenfield Avenue West Allis 14, Wisc. 

emb 
AVIATION CORPORATION 
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Professional Directory 

09(0134 & Patty_ 

Consulting Radio Engineers 

EXECUTIVE OFFICES: 
970 National Press Bldg., 

Washington 4, D. C. ME 5411 

OFFICES AND LABORATORIES: 
1339 Wisconsin Ave., NM. 

Washington 7, D. C. AD 2414 

Member AFCCE 

GARO W. RAY 

CONSULTING RADIO ENGINEERS 

Standard, FM and Television Services 

IIILLTOP DRIVE 
sT RAT FOF1113, CONN. Tel. 7-2465 

ANDREW ALFORD 
Consulting Engineers 

ANTENNAS & RF CIRCUITS 

Laboratory and Plant: 

299 Atlantic Ave., Boston 10, Mass. 

Phone: HA !work 6-2339 

DALE POLLACK 
FREQUENCY MODULATION 

development and research 

transmitters, receivers 

communications systems 

Dayton Road Waterford, Conn. 

New London 2-0760 

GEORGE C DAVIS 

Consulting Rodio & Television 

Engineers 

501-514 Munsey Bldg.—Sterling 0111 

Washington 4, D. C. 

AMY,ACEVES8zKING,Inc. 
Specialists in the 

Design and Installation of 

HIGH-GAIN 
AM, FM, and TELEVISION 
ANTENNA SYSTEMS 

LOngocre 5-6622 

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

SPOT NEWS NOTES 

(Continued front page 6) 

play rooms will be open from 10:30 A. M 
to 6:00 P. M. 

TV Receiver Plant: 

Westinghouse has purchased a 50-acre 
site at Metuchen, N. J., 27 miles from 
New York City, for the construction of 
a television receiver plant of 400,000 
square feet. The factory is scheduled for 
occupancy by April 1, 1951. About 3,000 
workers will be employed, of whom 60% 
will be women. Present receiver produc-
tion at Sunbury, Pa., will be continued. 

Editor's Face Was Red: 

Imagine our dismay when we read on 
the cover of the September issue that an 
article on microwave facsimile was fea-
tured within! What happened was that 
the FCC announcement on color TV 
came when the September cover and all 
but one inside form were off the press. 
In order to get in that very timely re-
port, we held up the two facsimile articles 
which appear in this issue! We are sorry 
that our front cover misled you, but we 
were glad that we could give you the full 
text of the FCC's announcement so long 
before it could appear in any other 
monthly publication. 

Facilities Moved East: 

Link-Vetric motorcycle communication 
equipment is now being manufactured in 
New York City. The plant at Alhambra, 
Calif., will be operated as a service center 
for the west coast area, under the direc-
tion of Johnny Rothrock. 

FCC Commissioner Hennock: 

Quoting from Dr. Harry Overstreet's 
hook, The Mature Mind: "Radio has 
found its formula. Whereas the news-
paper has found its vested interest in 
catastrophe, radio has found it in medi-
ocrit y." 

10-Watt Educat• al Stations: 

Will be relieved of the burden of main-
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. 

HF Measurements Conference: 

Will be held at Washington on January 
10 to 12, sponsored by IRE. AIEE, and 
the Bureau of Standards. Sessions will 

be held at the Department of the Interior 
auditorium, with Hotel Statler as confer-
ence headquarters. Program will include 
25 outstanding papers. a spectacular 
demonstration, and inspection of scien-
tific institutions. Papers will deal with 

(Concluded on page 9) 

Professional Directory 

McNARY & WRATHALL 

CONSULTING RADIO ENGINEERS 

11/ 

906 National Press Bldg. DI. 1205 
Washington, D. C. 

1407 Pacific Ave. Phone 5040 

Santa Cruz, California 

KEAR & KENNEDY 

Consulting Radio Engineers 

1703 K St., N.W. STerling 793'2 

Washington, D. C. 

GEORGE P. ADAIR 

Consulting Engineers 

Radio, Communications, Electronics 

1833 M St., N.W., Washington (s. I). C. 

EXecutive 1230 

RUSSELL P. MAY 

CONSULTING RADIO ENGINEERS 

* * * 

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

Kellogg Building Republic 3984 

Member AFCCE 

RATES FOR 

PROFESSIONAL CARDS 

IN THIS DIRECTORY 

$12 Per Month for This Standard 

Space. Orders Are Accepted 
for 12 Insertions Only. 

LYNNE C. SMEBY 

coniabi„9 
echo engineem 

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

FM-TV. the JOURNAL of RADIO COMMUNICATION 



Professional Directory 

WELDON & CARR 

WASHINGTON, D. C. 

1605 CONNECTICUT AVE 

DALLAS, TEXAS SEATTLE, WASH. 
1728 WOOD ST. 4742 W. RUFFNER 

 & INGLIS  
Consulting Radio Engineers 

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

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, Illinois Estebrook 8-7047 

MEASUREMENTS 
CORPORATION 

Pedearch 

Manufacturing 

enyineerd 
Specialists in the Design St Development 

of Electronic Test Instruments 

BOONTON, N. J. 

THE WORKSHOP 

ASSOCIATES 
I NUORPORATED 

Specialists in 

High-Frequency 

Antennas 

135 Crescent Road 
Needham Heights 94, Mass. 

NEedham 3-0005 

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 local arrangements commit-
tee, Dr. Harold Lyons; Dr. Frank Gaff-
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-
east; 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 described in 
FM-TV, February, 1949. 

TV Equipment: 

A very interesting line of TV and asso-
ciated equipment is detailed in a new 
catalog from Polarad Electronics Cor-
poration, 100 Metropolitan Avenue, 
Brooklyn 4. 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 FCC 
for 90-day VHF-UHF tests at NBC's ex-
perimental station at Stratford, Conn. 
Station KC2XAK will transmit on UHF, 
and a temporary transmitter will be 
operated on ehannel No. 4. 

tin RADIO-
ELECTRONICS 

SALES AND SERVICE REPORTS 

PUBLISHED BY MILTON B. SLEEPER 

Mailed on the 1st and 15th of the 
month. An essential business service 
to the Radio Industry. 

Twice monthly, except July. 
Annual subscription $ 5.00 

FM COMPANY 
Great Barrington, Mass. 

Audio Equipment Directory 

16-MM Professional Motion Picture 

Production Equipment 

J. A. MAURER, Inc. 
37-07 list Street, Long Island City 1, N. Y. 

Tel. STillwell 4-4601 

Paul W. Klipsch 
Professional Engineer 
Acoustic development 
and consulting 

Klipsch and Associates 
building the authentic 

KLIPSCHORN 
world's finest sound reproducer 

Hope, Arkansas Tel. Hope 995 

EVANS RADIO 

"Your Friendly Supplier" 

10 Hills Avenue 

Concord, N. H. 

Phone 1702 

GRICE RADIO & ELECTRONIC 
SUPPLIES 

358-62 E. Wright St. 

Pensacola, Florida 

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

Latin America Headquarters 
for 

"WHOS WHO" IN HIGH QUALITY 
AUDIO EQUIPMENT 

HABLEMOS ESPANOL 

FLAGLER RADIO CO. INC. 
Miami 36, Fla. E.U.A. 

Kenyon Radio Supply Co. 
2020 14 St., N. W. 

Washington 9, D. C. 

Carson A. Andrick 

Columbia 3161 
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Where hair-line ACCURACY counts.. 

Sack Zander, Director of Anima-
tion, and William S. Nemeth, 
Cameraman, both of Transfilm 
Inc., team up with a Maurer 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 accuracy is of utmost importance. Inevitably, this 

leading commercial film company selected Maurer as the 16 mm. camera that best 

supplies this vital quality. 

In Maurer VERSATILITY they found accurate registration of each individual frame. 

along %% ith precise high- power focusing and large clear direct-through-the- lens 

view ing. 

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

And in Maurer EXCLUSIVE FEATURES, such as the 235° dissolving shutter. the% 

found fast accurate changes of exposure while shooting. 

Because it meets so many varied needs, more and more producers like Transfilm 

are turtling to the Maurer 16 mm. as the ideal camera for every phase of profes-

sional motion picture production. 

For details on these and other (»A-elusive Maurer features. write 

The Maurer 16 mm., designed specifi-
cally for professional use, is equipped 
wi'h 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-driven film magazine, a 
60- cycle 115-volt synchronous motor, 
one 8-frame hanacrank, power cab:e 
and a lightweight carrying ease. 

J A. MAURER, 
37-C1 31st Street, Long Island City 1, New York 

850 South Robertson Blvd., Los Angeles 35, Colillornio 

CADRE ADDRESS: 

JAMADRED 
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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 

VOL• may feel that the FCC hearings 
on television are so complicated with 

legal teelmicalities and political pressures 

that you might as well forget the whole 
affair until the Commission makes up its 
mind and announces its final decision. 
And no wonder! FCC procedure is so 

complex and specialized that a lawyer, 
whatever his other qualifications, can-
not represent a client before the Com-
mission unless he is a member of the FCC 
Bar Assoriation. 
However. there is one basic aspect of 

the Communications Act, under which 
the FCC was created, that von can and 
should understand, because then you will 
see 1) why decisions involving highly 
technical matters arc decided by the 
Commission's Legal Department and not 
by the Engineering Department, and ..2) 
how it hairiwns that these decisions are 
sometimes in conflict with facts well 
known to the radio industry. 
This situation was explained for the 

first time in a simple and concise manner 
by Commissioner George E. Sterling in 
an address at the West Coast Conven-
tion of the IRE on September 15. To be 
sure, Commissioner Sterling's purpose 
was not to show why FCC decisions need 
not be sound or even factual from the 
engineering stamlpoint. We are sure that 
t it v as definitely- not the intention, be-
cause ve strongly suspect that his ad-
dress vas presaired in the Legal Depart-
ment it t he FCC. We hold that opinion 
because the full text is devoted to a 
labored justification of the involved pro-
cedure by which clecisions are reached. 
But see what start ling information comes 
out of Commissioner Sterling's address 
when it is it tilt's dtiwn to certain signif-
leant parauraphs. Hu said: 
"Much a.s we might wish it at times. 

the Commission's Ilecision is not the final 
word. The statute provides a specific 
method of appeal to the Court of Appeals 
for the District of Columbia. Review or 

c000ni,,i0o., &risk)n by that court 
is. however, limited to questions of law. 
Findings of fact by the Commission, if 
supported by substantial evidence are 
conclusive unless clearly arbitrary or 
capricious." 

foregoing vas taken from his in-
troductory remarks. Now let us skip to 
the latter part of his address: 
"While the limited appeal given to 

those adversity affected by our deci-
sions is a flattering tribute to the Com-
mission's technical experience and skill, 

it also imposes a higher standard of care 
'limn us. If all fact questions could be 
reviewed in detail by the Court of Ap-
peals, we might well toss off decisions 
with a light hearted air, knowing that the 
Court was tilo t there to hit the pitches 
we missed." 

There, for the first time, we have an 
official explanation of the power of the 
FCC under which the Engineering De-
partment can fabricate " substantial evi-
dence" to support findings of facts which 
are not subject to appeal in any court! 

In other words, as long as the l"( C 
cannot be challenged as to questions of 
law, it is free to predetermine its conclu-
sions, and then manipulate the conduct 
of hearings by accepting and rejecting 
testimony to produce the substantial evi-
dence required. and still not cross the 
lumlerline of " clearly arbitrary or capri-
cious" conduct. 

At the sanie time, there is no arguing 
against Commissiimer Sterling's state-
ment that " If all fact questions could be 
revoit cd in detail by the Court of Ap-
peals. we might well toss off decisions 
with a lighthearted air, knowing that the 
Court 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 affected 
by our decisions is a flattering tribute to 
the Commission's technical experience 
and skill." .‘• ive read it, it only confirms 
our opinion that the whole address was 
produred in the FCC's Legal Depart-
ment. We don't believe that Commis-
sioner Sterling could have written that. 
even with his tongue in his cheek! 

TT isn't necessary to reach into history 
for an example of "substantial evi-

dence" produced to meet the require-
intait s of the Legal Department. Con-
sider Volume II of the Ad Hoc Commit-
tee's data on propagation in the TV band, 
just released by the FCC. 
The Ad Hoc Report is to be the corner-

stone of VHF and UHF television alloca-
tion and is. therefore, essential to steps 
which must be taken to end the freeze. 
Thr siecess or failure of a projected 

industry depends on 
the wisdom and foresight represented by 
this Report. Yet it was only endorsed 
without reservation by Committee Chair-
man Edward W. Allen. Jr. and six of the 
members. St'Vell members endorsed the 

Report with reservations and three / le-
dined to endorse it at all. 

Retynamd Wilmotte and Dr. Frank 
Keenr stated in their reservation that " the 
presentation and the calculations are in 
our opinion so complex that too few 
practiced engineers will be able to make 
correct use of the material." 

1)1.. Thomas J. Carroll. physicist at 
the Bureau of Standards, wrote: "Rarely 
have I had the occasion to try to 
study carefully such a mass of confused 
gobbledygook as Vol. II, purportedly 
relating to radio propagation." 

it hasn't been mentioned publicly be-
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 
Hu. Bureau, repudiated those references 
in a letter to Edward Allen, Jr.. dated 
July 19. 1950. and explained that the 
references used in the Ad Hoc Report are 
being reviewed and revised. and derive 
no validity from the Bureau until they 
have been published as Imblic documents. 
Paul deMars wrote: " In my opinion. 

Ile> technical treatment of the subjects of 
these references is scientificedly unsound. 
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 poIxt-
gallon experts consider it so confusing 
that it will lead to "no results readily 
applied in practice"? Does the Commis-
sion expect to understand what the ex-
perts find confusing? 

Tlus answer is that the FCC can main-
tain that the Report constitutes " sub-
stantial evidence." The Report is not 
"clearly arbitrary or capricious." 

Therefore. since it is definitely unclear 
and confusing, it is exactly what the 
Legal Department wants. If it confuses 
the experts, it can be interpreted to sup-
port decisions made in advance of any 
hearing. And that practice, we firmly 
believe, has been followed by the Com-
mission on Various occasions in the past. 
Now, preparing to allocate TV fre-

quencies in the VHF and UHF bands. 
the Commission has in the Ad Hoe Re-
port "substantial evidence" with a two-
way stretch that can be adjusted to cover 
wlutlever 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 

IS NOW UNDER DEVELOPMENT AT GENERAL ELECTRIC COMPANY— "By R. B. DOME* 

ANY system for the transmission and 
reception of images in natural 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-

GREEN 

RED LOWS 

SOUND 

-1.25 • 2 Se 3.5d 40 4 S 

WC. FREQUENCY DEPARTURE FROM GREEN CARRIER 

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-

GREEN 

RED LOWS -.-.-

236 3.56 4 0 

FREQUENCY IN MC. 

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-
quency-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 scan-
ning. tin 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 submitting this report to the 
FCC on July 24, G. E. vice president Dr. W. R. 
G. Baker said: " I recognize that it is rather late 
to submit for consideration a new system of 
color television. Unfortunately, however, re-
search 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 color television ap-
pears to have such outstanding potential advan-
tages as to justify serious 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 
available for the television signals were 
arbitrarily divided into three equal seg-
mentg, one for each message, or color, 

7 G 
G I 

FREQUENCY 

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 simultaneously in the same fre-
quency spectrum. This method forms 
the basis of the system to be described, 
and which has been given the name 
"Frequency-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 
be 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 harmonics of the line frequency 
and that a large part of the available 
spectrum is unused. It has been esti-
mated that about 46% of the space 
between harmonics is not occupied'. 
Suppose the video frequency band-

width available is 4 me. Furthermore, 
let it be assumed that scanning frequen-
cies compatible with monochrome tele-
vision are to be used, namely, a vertical 
or field frequency of 60 per second, and 
a line rate of 15.750 per second. This 
results in the standard 5'25-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 composite 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 mc. The 
signals associated with the color green 
may be regarded as the basic signals, 

"A Theory of Scanning and Its Relation to 
the Characteristics of the Transmitted Signal 
in Telephotography and Television," Pierre 
Mertz and Frank Gray, Bell System Technical 
Journal, Vol. XIII, No. 3, July, 1934. 



and can be used to modulate the picture 
carrier in the same manner as in a mono-
chrome transmitter. Since the line fre-
quency is 15,750 cycles, it will be found 
that the sideband energy is chiefly 
bunched at frequencies spaced from the 
carrier by 15,750 cycles, 31,500 cycles, 

- 47,250 cycles, and so on out to 4 mc. 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 
second color, for example red, can be 
utilized as modulating frequencies for a 
video frequency subcarrier. This sub-
carrier frequency 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. Half of 15,750 c.p.s. is 
7,875 c.p.s., so that a frequency of 
3,583,125 cycles, the 455th multiple of 
7.875 cycles, may be selected. This sub-
carrier 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 respective 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 be 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 receiver insofar 
as the RF, IF, and 2nd detector are con-
cerned. The video frequency spectrum 

cies. Such a filter would probably be 
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 satisfactory operation of the system 
depends to a considerable extent on the 
physiological phenomenon known as the 
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Fig. 7. Detailed diagram. 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 

spectrum in the vicinity of the red sub-
carrier is shown in Fig. 3. 

Visual Separation of Green & Red: 

The way in which the signals associated 
with the two colors are interleaved is 
now clearly revealed. It is necessary 
to provide some means at the receiver 
for separating the signals for portrayal 
of the correct 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 exclude the undesired frequen-

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 one line of the green television 
picture will be modulated in intensity at 
the rate of the red subcarrier, but that 
two fields later in time, namely, in 1/30 
of a second, the modulation effect will 
be 180° out of phase with the modula-
tion of the first field. Thus a lighter dot 
on field No. 1 will appear as a darker 
dot on field No. 3, and vice versa, so 
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. 1 
and in field No. 3. The sine wave is the 
red subcarrier simultaneously present, 
and is shown 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 he suf-
ficiently close to the ideal to be commer-
cially acceptable. Moreover, 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 sanie 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 
remains. 
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The information contained in the red 
camera signal above 1 nie, and up to 4 
Inc. can be superimposed on the green 
signal to yield a mixed-high signal above 
1 me. 

Addition of Blue Signals: 

The video frequencies associated with 
t t bird color, blue, can be transmitted 

immltilation on a second subcarrier. 
Again, as in the ease of the red signals, 
only the lower blue frequencies need be 
transmitted, so that a comparatively nar-
row channel should su Ill ee.A blue video 
band up to 2 nie. may be sufficient. Fig. 
5 shows several alternative possible lo-
cations for the blue subearrier. It is not 
known at titis writing which one of these 
various methods is likely to provide the 
best all around performance. Consider, 
for example, the third alternative in 
which the red subearrier is shown moved 
down to about 3.2 me., or to 3.189375 
me., the 405th multiple of 7,875 cycles, 
while the blue carrier may be located 
just under 4 Inc_ at 3.8981'25 Inc., the 
495111 multiple of 7.875 cycles. (The 
3.1893'75-n1e. signal can lie derived from 
the 3.89812.i-mr. signal by dividing the 
latter by 11 and then multiplying the 
quotient by 9.) 

Again, as Wil,• the case with red and 
green. the blue signed appearing out the 
green gun is effectively filtered out by 

the eye. 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 
channel at the transmitter and taken off 
from the green video channel in the re-
ceiver to feed the blue and red guns as 
well as the green gull. The cutoff fre-
quency of the high-pass filter would be 
selected at approximately the cutoff fre-
quency of the red channel low-pass filter 
or, in the example given, at about 1 mc. 

Simplified Receiver: 

A schematic of the color section of a 
optei•eceiver for the reception of tele-

vision transmission such as is shown in 
Fig. Sc appears in Fig. 6. The IF is kept 
wide-band at the plate of the last IF 
amplifier purposely, so that the blue 
channel will not be ac Iversely attenuated 
before it is detected in the blue 2nd 
detector. Following this detector is an 
atultlifier and tuned circuits centered 
around the blue suls.arrier to remove 
effects of the sound carrier and the red 
subcarrier. The blue 3rcl detector yields 
the blue low-frecinency video signals 
which are amplified and fed to the blue 
gun grid. 

Appropriate sound traps and, if de-
sired, blue si ti traps, arc employed 
before the green and mixed-highs 2nd 
detector. The output of this detector is 
amplified and fed to the green gun. Two 
shunt circuits leading from the plate of 
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ing on the red and blue guns. The blue 
and red signals, since they do not over-
lap in frequency. do not exhibit this 
effect. 

High-Frequency Video Components: 

As stated before, the high video frequen-
cies can be represented by the green 
channel alone. I o order to avoid a 
greenish tinge to high frequencies, the 
green highs can be taken off the green 
video channel by the shunt connection 
of a suitable high-pass filter and added 
to the blue and red guns (as well as 
direct connection to the green gun) of 

the green ('1 tam amplifier feed respee-
tiN•ely the red detector ti M/Ugh a 3.2 me. 
handpass circuit and the till \ 1't fil-
ter for addition of mixed highs into the 
red and blue guns. The 3.2 me. filter 
feeds a red signal detector, and the out-
put of the detector feeds a red amplifier 
connected to the red gun. 
The receiver as shown here employs 6 

sets of tube elements 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 be as low as three. The polarity of 

the detectors can be reversed from those 
shown to produce the right phase of 
light intensity, i.e., a positive picture. 
Alternatively, the picture tube gun con-
nections can be reversed to achieve the 
same result. 
A mathematical analysis of the action 

of the green 2.nd detector shows that 
some of the red low video-frequency 
modulation will appear as low frequency 
in the detector output because the sys-
tem is single sideband. The presence of 
this low frequency .spurious signal in the 
green channel may cause an undesirable 
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Fig.!). Adder output frequency spectrum 

cross-talk effect, making it evident in 
a change in hue but not in geometrical 
design. This color shift 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 Nock diagram of the color portion of 
a receiver incorporating some added fea-
t ures is shown in Fig. 7. 
This receiver employs the following 

tube functions above what are required 
for a black-and-white television receiver: 

A: 
B: 
C: 
D: 
E: 
F: 
G: 

.1: 
K: 

2.2-3.4 me. red IF amplifier 
red diode detector 
0-1 me. red video amplifier 
red restorer diode 
blue 2nd detector diode 
3.6-10 flic. blue IF amplifier 
blue 3rd detector diode 
0-.2 me. blue video amplifier 
blue restorer diode 
:1.64 itte. AGC carrier amplifier 
AG(' rectifier diode 

These 11 t obe functions can, of course. 
be obtained by employing fewer than 11 
separate tubes when use is made of 
doo111,-Inovose types. The following 
combinations are suggested: 

A and B-6SF7 tube 
F and G — 6SF7 tube 
D and 1— 6AL5 tube 
J and K — 6SF7 tube 
C and Il — 6SN7GT tube 
E — 1A6AL5 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 
explain its way out of coming to no final 
decision at this time. Certainly the pro-
posal that the manufacturers agree by 
September ?fr to the adoption of bracket 
standards has in with no encourage-

ment from individual companies or from 
the RTM A. 

Up to the 29111, at this time of vriting, 
no industry plan of opposition strategy 

has been revealed, but it looks as if the 
manufacturers will have no part in shar-
ing responsibility for the adoption of the 
CBS system. Thus the FCC may be con-
fronted with a very awkward situation. 
Meanwhile, the Commission is appar-

ently undertaking not only to explain 
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 vas indicated by Chairman 
Wayne Coy's address before the National 
Electronics Conference at Chicago. Space 
does not permit publication of his C0711-
piety text, but his most significant state-
ments and conclusions (In' preSe 1 ed here: 

T am aware of the fact that there are 
those in the industry who sincerely 

feel that eohir is a " phoney" issue. Let 
me assure you that, in the judgment of 
the Commission, there is not hing" phoney" 
about the issue. Congress. through the 
Communications Act, commanded the 
Commission to "generally encourage the 
larger and more effective use of radio in 
the public in Certainly, the Com-
mission has encouraged such a develop-
ment for the past several years. I la ving 
reached the point in the developnient of 

a television service where the UHF liand 
of frequencies was needed to provide a 
basis for a nation-wide competitive serv-
ice, we were at a crossroads with respect 
to the past encouragement given to the 
development of color television. We could 
provide for color along with black-and-
white in the VIIF and I 11F, or we could 
provide for black-and-white service only 

in both bands. We were aware, and I 
am sure that you are aware, that the 
latter course might foreclose the oppor-
tunity for the development of color tele-
vision in tlte foreseeable future. 

•Froni an address by FCC Chairman ‘Vayne Coy 
at the National Electronics Conference, Edgewater 
Beach Hotel, Chicago, September 25, 1950. 

Action is Necessary Now: 

Therefore, it seemed quite clear to us 
that the groundwork should be laid now 
for the joint use of both hands—V11F' 
and 1.11F—for both black-and-white and 
color. . . If we did not now lay ( lie 
groundwork for such joint use, it is ob-
vious that when the Commission did get 
around to adopting a color system, we 
might not be iible to choose the best pos-
sible color system, but would as a prac-
tical measure llave to consider only such 

systems as might be compatible tali 
black-and- date television. 

Why CBS System Was Chosen: 

Now for the report it Thert• were 
three color systems proposed to the Com-
mission: one It Color Television. Inc.. 
(nte by Radio Corporiton of Anusrica 
and the third by f'olumbia Broadcasting 
Sys(em, first two systems are coin-
patil)le systems, that is, present receivers 
without making any changes could re-
ceive a black-and-white picture from 

color transmission of such systems. The 
CBS system is not compatible. Some 
changt•s must be made in existing receiv-
ers in order to enable them to receive a 
blael:-and-white picture from CBS color 
broadcasts. 

'fue Commission carefully analyzed the 
%-oluminotis record of the hearing. \Vt• 
had to weigh testimony covering almost 
I0,000 pages of transcript and evidence 
that WaS Sill/1111i ted ill 265 exhibits. We 

made detailed and specifie findings con-
cerning all three si shins — findings ap-
proved by all seven members of the Com-

mission. The care with which this work 
was done can best be indicated by the 
fact that while, as was to be expected, 

the particular result we reached was dis-
appointing to some of the parties, there 
has been no intimation by anyone that 
the Commission's findings are not sup-
ported by the evidence in the record. 

l'he Commission unanimously found 
that the CTI and RCA color systems 
were not suitable for adoption... 

In the first place. the Commission 
found that the I itiality 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 crawl 
or jitter, and in the case of the RCA sys-
tem there is a prominent dot struellire 
and a marked hiss of cent '1 
Moreover. the colors are not trite in 

either system. This is particularly true 

of flesh tones... Since the purpose of the 
hearing was to pick a color television sys-
tem, it is obvious that no serious consid-
eration could he given to a system that 
failed to produce true colors. 

In the sectnel place, the equipnhent 
required for the (' Ti or RCA system ap-
pears too complex for normal use. . The 
Commission believes that any television 
structure must be so constructed that 

color television is available to all, and 
not merely the rich. The Commission 
kin to that C0101' tekVision receivers will 
cost more than present monochrome re-
ceivers, but we cxliect the price levels 
to follow the pattern of the present 
receivers. . . 
Th, of course, recognizes 

that both the CTI and RCA systems 
were comparatively new ,:y•luni, and 
t 11,1 the equipment that ti i dem-
onstrated was not eommereial-type equip-
ment. However. an analysis of the two 
systems showed to the Commission's 
satisfaction that the defects were funda-
mental, l'he equipment is complex be-
cause, by the nature of the systems, reg-
istration and eofor controls are extreme-
ly critical. CTI mill RCA. thus did not 
inert the tests of simplieity and econ-
omy. . 

For these reasons you can see that. 
there was just no basis upon which the 
Conunission could approve either the 
CTI or RCA system. 

The CBS system did not labor under 
these handicaps. The quality of the 
color !actin(' was of a high order . . . 
Broadcasts were made from studios and 
frtnn outdoors. In all instances color 
rendition was of a high quality. The 
equipment utilized was easy to operate... 

Limitations of CBS System: 

The CBS system does have fewer lines 

per picture titan the present system. 
However. the addition of color to the 
picture more than outweighs the reduc-
tion in lines so far as apparent definition 
is eoncerned. You only have to look at 
a scene in color and compare the same 
scene in black-and-white to be con-

vinced that the iiddition of color increases 
several-fold the amount of information 
that can he transmitted by a picture. 

True, a monochrome picture from color 
transmions under CBS standards is 

not of tie' same good quality as mono-
chrome pictures from transmissions under 
present television standards. But neither 

("Continued on page 45) 
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JEREMIAH COURTNEY'S' 

MOBILE RADIO 
N#S 'and FORECASTS 

THE increasing complexity of alloca-
tions problems which confront op-

erators of and applicants for radio com-
munication facilities is requiring more 
and more study on the part of engineers 
and consultants in this field. This situa-
tion, and the pressure being brought to 
bear by those who need new or added 
frequency assignments have created 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 technical 
matters of which they may have only 
limited knowledge. 

This creates a delicate question of 
ethics 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. His 
comments are so directly applicable to 
situations which arise at hearings on 
communication matters that they deserve 
serious study by communication engi-
neers and consultants. 

Citing chapter and verse, Commis-
sioner Jones showed why he, for one, has 
been obliged to take a dim view of the 
extent to which the Commission can 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 1946-47 is rendered so completely 
worthless by the 1949-50 record that the 
kindest thing that can be said in expla-

•1707 H Street, NW., Washington, D. C. 

nation is that their economic interest 
blinded their engineering 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 
economic interests." 

Service to the Radio Profession: 

Regardless of the soundness or unsound-
ness of his substantive conclusions, Jones 
had certainly done the radio engineering 
profession a genuine service in the force-
ful expression of his views. For the sub-
ject 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 (lata and expert 
opinion in arriving at decisions in the 
field of standards; our own facilities are 
too limited to gather much of the data." 

Since 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 
ethics 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 decision 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 field testing conducted 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 fact that many of these 
same parties offered recommendations 

and expert opinions of the same kind as 
the basis of their advocacy in the 1946-
1947 hearing of ... a system which never 
survived field testing." 

Effect on Communications: 

The communication services are suffer-
ing today from a lack of frequencies pri-
marily because the Commission in an-
other proceeding — the general alloca-
tion proceeding of 1944 and 1945 — 
relied on the industry engineers' advice 
that the TV channels not assigned for 
use in a particular area could be used 
for mobile radio purposes. The inade-
quate exclusive assignments inade to the 
mobile services were to be compensated 
for by sharing rights in the 6-mc. TV 
channels. It soon appeared, however, 
that the advice 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 services. This could hardly 
compensate, however, for the lost rights 
of shared use in the 6-me. TV channels. 
The band from 72 to 76 mc. 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 services from the Annex 
to the Color Television Report, certainly 
Commissioner 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 licensee has several base stations 
and a group of separately licensed mobile 
units transmitting on the same frequency 
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 kc. as proposed to 7480 kc. 

(Concluded on page 45) 
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- How the U.S. Weather Bureau Uses 

FAX & TELEMETERING 
HOW FM EXPEDITES WEATHER DATA DISTRIBUTION 

— `By C. A. KETTERING AND G. F. MONTGOMERY* 

W 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 been 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-
scribes the Weather Bureau's application 
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 
mc. band, employing narrow-band, crys-
tal-controlled FM transmitters with fre-
quency multiplication of 36. 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, D. 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 sites are especially noisy, a trans-
mitter was developed using a 4-65A 
tetrode power amplifier, with an output 
of approximately 45 watts. 

Receivers are of. the double-super-
heterodyne type, crystal-controlled, with 
both audio output 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/U coaxial cable. Operation of the radio 
equipment has been reliable, requiring 
only routine maintenance. 

Facsimile Transmission: 

The 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. 2. Automatic telemetering equipment 

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

Facsimile requirements include reli-
ability and simplicity of operation, maxi-
mum practical speed and copy size, ade-
quate detail, and unattended operation of 
the receiving equipment, with starting, 
stopping, and phasing operations being 
remotely controlled by the transmitter. 
These have been 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 facsimile 

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 transmitting speed over systems pre-
viously used, without imposing undue 
frequency-bandwidth or mechanical prob-
lems. By employing vestigial side-band 
transmission, bandwidth requirements 
are limited to an acceptance flat within 
1 db between 7 and 15 kc. 
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. Two scanners are 
loaded with the map quarters, and the 
paired quart.rs are transmitted sequen-

(Continued on page 0) 

Fig. 1. Facsimile, transmitting equipment at weather forecasting center in Chicago 
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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 * 

OUTSTANDING advances have been 
made in facsimile during recent 

years. Transmitting speed and flexi-

bility of modern equipment have been 

increased markedly over that of installa-

tions used during World War II. 
In November, 19 18, equipment was in-

stalled for trailsolission of weather maps 
nil ! It h i'r5.r iiiiiii mat vria 1 lw t t h t. 

rAGSPAILE TRANSMITTING 
TERMINAL EQUIPMENT 
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Fig. J. Main units in facsimile system 

C. S. Weather Bureaul forecasting center 

in downtown Chicago and the Chicago 

Municipal Airport. It has been in op-

eration miltintainsly since then. This 
paper describes the facsimile terminal 

equipment. designed and supplied by 
Hogan Laboratories. Inc. 

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-modulates a 13-kc. sub-

carrier in the scanner amplifier. This 

is converted to vestigial-sideband AM 

in the line-limiter amplifier and applied 
to an FM transmitter operating in the 
1 60-nie. band. At the receiving end, the 

subearrier from the I'M receiver is ap-
plied to a recording amplifier. Here it 

is converted to video and fed to a fac-

simile recorder. 
Front and rear views of a facsimile 

transmitting unit are shown in Fig. 2. 

The scanner is at the bottom of the rack. 
Above it are three panels containing the 
scanner 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 graphic copy, 

a sheet containing information within the 

* Respectively President and Engineer. Hogan 
Laboratories, Inc., 155 Perry Street, New York 
14, N. Y. 
See "How the Weather Bureau Uses Facsimile 

and Telemetering," by C. A. Kettering and G. F. 
Montgomery, FM-711, this issue. 
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supplied with 60-cycle AC power from 

the same central station power system. 
synchronism is maintained with synchro-

nous motors without the necessity for 

special controls. This provides a major 
simplification in equipment. 

Scanner and Scanner Amplifier: 

Fig. 1 is a simplified diagram of the 
scanner and seamier amplifier. .‘n ex-

citer light on the scanner head illumi-

nates a spot on the rotating copy drum. 
Reflected light front the copy is directed 

to a 931-A multiplier photocell. The 
electrical output from the photocell is 
a voltage varying in amplitude with the 

graphic density of the copy on the 

drum. This video signal is applied to 

a coupling tube to change from a high 
output impedance to an impedance of a 

few hundred ohms. It is then suitable 
for application to a ring modulator, which 

employs copper oxide rectifiers. The sig-
lull fed to the modulator is in the order 

of + 10 volts. 
The output of a lealancing amplifier 

is applied through a tone-scale switch 

ilimensions of 14...t! by 11.3 ins, is wrapped 
around the scanner copy drum. The 

drum is rotated at 7.10 MI. while a 
pickup head is moved longitudinally 
along the drum by a lead screw. advanc-

ing 1 inch in 103 revolutions of the copy 
drum. Tliis provides a definition of 103 

lines per in. The copy is scanned at the 

rate of 36.1 square ins, per minute. an 
litire sheet being scanned in 1.68 min-
HIV". vcerrespoOds to ( o'er 300 words 

lwr MI111110 for single-spaced typewriting. 

I Il better than 1,000 words per minute 
for printed (4tpy similar to text of The 

I.:ceiling Post. 
\I the receiving terminal. 1110 .1•1 eke-

Irolytir recording paper about 91/2 ins. 

wide is fed front a supply roll between 
a rotating helical eke! rode and a sta-

tionary linear electrode. '1'11(.11, the re-
corded paper goes through a drier and 

cut off in appropriate lengths or is 

wound on a take-up reel, as desired. The 

helical recording idectrode rotates at 1.:10 
RPM", the same speed as copy drum 

al the transmitting end. Since the trans-
m ilting and reuck 'Hug (•tioipments are 

FL - 

14rà, 

tr. 

11 9 Alt 

e g lig  

Fig. 2. Front and rear views of facsimile transmitting terminal equipment rack 
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to the other side of the ring modulator 
in order to provide a stable balance 
reference voltage. A 13-kc. RC phase-
shift oscillator provides a subcarrier 
signal, which is fe .l through a driver and 
isolation stage to the modulator. When 
I he video signal is equal to the reference 
voltage t here is no output from the 
modulator. When the video signal volt-
age departs from the reference voltage 
the output is a 13 ke. subcarrier, modu-
lated in amplitude according to the de-
gree of departure of the video signal 
from the reference voltage. 

Since the lightest shade of graphic 
copy varies with the type of paper used. 
the pickup head is directed to the whitest 
portion of the copy. With the copy drum 
stationary, the white balance control in 
the photocell power-supply circuit is 
adjusted to deliver a signal to the ring 
modulator which balances the reference 
voltage. White balance is indicated by 
an electron-ray tube indicator. In this 
manner, the modulator is always bal-
anced, because the white output from 
the photocell is constant regardless of 
the maximum degree of whiteness of the 
particular piece 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 

the system can be an improvement over 
the original. This is accomplished by 
an electronic retouching circuit in the 
scanner amplifier, controlled by tone-
scale switches. If the copy is dark, the 
circuit can be set to compress the light 
shades into a narrower density range 

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 
is a gain control for setting the maximum 
output level corresponding to the black-
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Fig. '1. 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 correct in the opposite 
direction. 
The output of the ring modulator is a 

13-ke. subearrier. amplitude-modulated 

EFIffia CIZIILD GailD 

Fig. 3. This rack contains an facsimile receiving terminal equipment components 

est part of the graphic copy. The ad-
justment is made with the scanner 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 balance control. Thus, the 
signal extremes corresponding to black 
and white are set so that optimum con-
trast is obtained in the recording, despite 
con' rast variations in different pieces of 
copy scanned. 

Harmonics of the carrier frequency, 
generated in the modulator, are removed 
by the low-pass filter. The white bal-
ance and black-level adjustment de-
scribed previously can be made during 
conditions of transmission or standby. 
When the transmit-standby switch is in 
the transmit position, a sample of the 
signal is taken from the output ampli-
fier. When in the standby position, it 
is takcn from the coupling amplifier cir-
eta since no video signal is then present, 
in the output stage. The sample is am-
plified, rectified, and applied to the elec-
t ron-rav I uhe indicator. The white-black 
sensitivity switch increases the sensitivity 
of the indicator tube circuits when set 
on white to facilitate making accurate 
null adjustment on the white portion of 
I he 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 each line of copy scanned 
for a synchronizing and phasing pulse, 
t he signal is blanked during 45° of each 

copy-drum rotation by means of a rotary 
blanking switch on the copy-drum shaft. 

The coupling amplifier stage following 
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such a way as to ground the oscillator 
signal applied to the output amplifier 
during 15' rotation of the scanner drum 
at the relative time indicated in Fig. 5. 
The manner in which the recorder re-
sponds to the page separation signal is 

explained later. 
It should he understood that the l 5° 

phasing pulses. the video signals, and 
the page separation signals are repre-
sented in Fig. 3 by their envelopes. They 

the black-level control provides a con-
venient low-impedance point in the cir-
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 315° of 
copy-drum rotation, and is blanked dur-
ing the remaining 45°. 

- - — 45* BLANKING PULSES 

- - IS. PHASING PULSES 

COMPOSITE VIDEO SIGNAL 

iii 
SEPARATION SIGNALS 

lJ 
sine 

Fig. 5. Output signal time relationships 

Part of the 13-kc. subcarrier oscillator 
output is applied to a coupling amplifier, 
and is used to provide 15° phasing pulses 
and 345° page-separation signals. The 
time relationships of these signals are 
shown in Fig..5. Normally, the oscillator 
signal from the coupling amplifier is di-
rected through brushes on the rotary 
pulse switch to the output amplifier. The 
pulse switch is oriented relative to the 
blanking switch so that the pulse occurs 
in the center of the notch made by the 
blanking signal. 
To make certain that the recorder is 

in phase with the scanner; a page separa-
tion signal is transmitted for a period 
of about 10 seconds. This signal is sent 
when the page separation signal switch 
is closed, grounding the video signal go-
ing to the output amplifier and shorting 
the rotary pulse switch brushes. A third 
brush on the pulse switch is oriented in 

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

The Line-Limiter Amplifier: 

The 7- to 19-kc. output of the scanner 
amplifier is fed to a switch in the line-
limiter amplifier, Fig. 6. For the trans-
mission of half-tone copy, the switch 
directs the signal through a coupling 
amplifier into a 3-section wave filter. 
This removes upper-sideband compo-
nents from 15 to 19 kc. 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-
put stage. In this ease, the signal is used 
to modulate a radio transmitter. The 
signal could, of course, be sent over a 
wire line rather than a radio link. 
When black-and-white copy is trans-

mitted, the switch directs the output 
of the scanner amplifier through a driver 
stage, a peak and threshold limiter, and 
a coupling amplifier, after which it is 
fed to the sanie wave filter. The limiter 
passes no signal until the input reaches 
a certain 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 switch in 
the photo position. The density of the 
recorded marks then conforms exactly to 
the density of the marks on the scanned 
copy. 

Recorder Amplifier and Recorder: 

The recorder amplifier, shown in Fig. 7, 
is connected to the output of the radio 
receiver. This output is a vestigial side-
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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 elec-
trolytic recording paper to the linear 
recording electrode. In order that the 
recording electrodes 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 electrode 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 rotate in synchronism. 
However, provision must be made to 
insure that the drums will rotate in 
phase. That is, the helical recording 
electrode must be in the correct position 
to record the beginning of a line at the 
instant the pickup head is at the begin-
ning of a line on the scanner drum. To 
this end, the page separation signal is 
sent initially from the transmitting end 
as described in the section concerning 
the scanner amplifier. 
The RECEIVE-FRAME switch is put in 

the frame, or phasing, position at 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. If 
the two drums are not exactly in phase, 
the page separation signal momentarily 
energizes the relay, opening the contacts 
and interrupting the power supply to 
the synchronous motor which drives the 
helical electrode drum. Each time the 
power is interrupted the motor slips one 
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Fig. G. The line-limiter amplifier unit, shown at top in Fig. 2. Fig. 7. Recorder amplifier and recorder, shown in Fig. 3 

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 notch. 

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-

(Concluded on page 10) 

band AM signal, having frequencies be-
tween 7 and 15 ke. The signal is passed 
through an amplifier stage and is de-
modulated in a full-wave rectifier circuit. 
All carrier components are removed by 
a low-pass filter, whose output is a fluc-
tuating DC signal having frequency 
components from 0 to about 6 kc. This 
video signal is essentially the same as 
Lite output of the phototube in the 
scanner. 
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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-watt equipment are de-
signed for adjacent-channel use. A single 
84-in, cabinet houses transmitter, re-
ceiver, and power supplies for the 250-
watt unit shown. 

3. Distortion, noise, and hum level in 
audio equipment can be measured rapidly 
and accurately with the Daven 35-A Dis-
tortion and Noise meter. Necessity for 
making careful frequency and phase ad-
justments is avoided by the use of 8 fixed 
band-rejection filters, thus reducing the 
balancing operation to pushing a button. 

4. 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 
audio 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 31, which can be 
mounted on a 19-in, rack panel. Output 
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. IM is read di-
rectly 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 front 20 cycles 
to 40 Ice., 2) Two sinusoidal voltages, 
separately adjustable, one to 10 kc. and 
one to 20 ice., and 3) Two sinusoidal 
voltages with a fixed difference main-
tained as one is varied in frequency. 
Fixed difference frequency is adjustable 
to 10 kc., and lower frequency is adjust-
able to 20 kc. 

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 
joy-stick. 
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THE FAS AUDIO SYSTEM 
PART 1 — DISCUSSION OF SOUND-POWER OUTPUT AT LOW FREQUENCIES — FAS 

SYSTEM CHARACTERISTICS — FAS AMPLIFIER DESIGN — By MILTON B. SLEEPER 

E ARLY 

in 1948, I began to hear about 
a marvelous and mysterious audio 

system built by Edmund Flewelling at 
his home. However, for all the enthu-
siasm expressed, the reports were not 
factual or really informative, because 
those who had heard the installation did 
not know how it worked. 

The Great FAS Mystery: 

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

scription 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! 
Each 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-

moan es 
eumniumaium 
monisuum 
vicalmium 
muussumui 
amiummo 
amilma 

sures hidden in some other part of the 
house. 

Various theories were advanced but, as 
I learned later, not one came within a 
mile of the right answer. Finally, I went 
to hear the system. I listened to 78-
RPM records hours on end during my 
first and subsequent visits. Then Charles 
Fowler and Roy Allison, of our FM-TV 
staff, heard it too. We agreed that we 
had never heard comparable reproduc-
tion from new transcriptions over a 
studio monitor system, but the only 
guess we could make as to the method of 
achieving such performance proved to be 

entirely wrong! 

Fig. 1. The FAS amplifier, set up for demonstration purposes. Chassis-cover aids in carrying amplifier as well as shielding 
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;. Correct parts layout helps to reduce hum level. If large t•hassix cannot be used. power supply should be separate 

ln fact. we ( 11(10 gel the key to the 
mystt•ry until after we completed ar-
rangements to publish the comidete in-
formation on his work. 

Function of Sound-Power Output: 

Our experience with the original equip-
ment and our own work which led to the 
design to be described has been a liberal 
education in the proltli•ms of audio repro-
duction. We don't have all the answers 
yet, because we have discovered some 
missing links between electrical .itrul me-
chanical design and listening reactions 
that have never come up before in tech-
nical papers or discussions. Moreover. 
the i". S equipment produces effects that 
we don't understand entirely and won't, 
therefore, attempt to explain. However, 
we have arrived at certain conclusions 
which can be summed ttp in this way: 
We can criticize the one-note lass and 

the beer-barrel boom all we please, but 
there's no denying that p,ople generally 
want some kind of substantial bass re-
sponse. Maybe that is evidence of their 
having tin ears or juke-box tastes. Still. 
the feeling persists that so many can't be 
as wrong as are generally presumed to 
be. 
Pursuing that thought, it must be ad-

mitted that the musical sound ltower out-
put of ordinary speakers from about 
I25 cycles down is in SOMe inverse ratio 
to the power output of the musical in-
struments which produce those low notes. 
The problem of horn-loadiug is well rec-
ognized. At 30 cycles, an amplifier may 

po )( hive it consickerable excursion of the 
speaker diaphragm, but the sound 
cini!ted is barely audible. On the other 
hand, the power output front the piano. 
organ. bass drum. cello, tuba. or bass 
saxophone on low notes is enough to 
make the vibrations felt as well as heard, 
ai I lo rattle objects in the room where 
t la• : ns!runtents are played. 

In conventional :Indio systems, it 
hasn",.. been possible to approximate that 
sound-power output with a truly musical 
bass. Efforts to ( Ii) so have produced 

only a one-note boom. due to speaker 
resonance at somewhere near :-at cycles. 
That seems to bring us around to the 
ettnclusitm that most listeners want the 
substanee that is supplied in music by 
the bottom end of the audio range, and 
they aceept a pholy bass effect because 
that's the only thing available to them. 

Ii.st• with educated musical tastes, on 
the other hand, apparently prefer to sup-
ply the bass from their imagination. since 
they are disturbed by the lack of musical 
value in the one-note boom. 
You may not agree with these observa-

tions. hut they do explain the enthu-
siasm of both lay people and experts who 
have listened to the FAS equipment, and 
have derribed it as producing the most 
enjoyable and satisfying quaiity of music 
they have ever heard. 
Now, the particularly distinguishing 

feature of the FAS is its ability to deliver 
sound-power output in about the same 
ratio as the power output of the original 
instruments. 'Moreover the relation of 

the bass to the treble is maintained at 
any level front full volume to bare au-
dibility! This is in contrast to conven-
tional systems ill which the sound-power 
output of the Speaker drops steeply in the 
bass range. even though the amplifier is 
flat to : to cycl( s. Also. as you have prob-
ably observed, demonstrations of bass 
response are always made at very high 
volume level, and much above the ac-
(linable level for honte listening. That is 
necessary because, as the volume is cut 
down. the bass drops out quickly. 

In terms of conventional equipment. 
this would indicate that the FAS has 1) 
son7e method of getting a tremendous 
boost in amplifier output on low fre-
quencies. and 2) bass compensation on 
the volume control. However, a study 
of the amplifier circuit will show that 
neither is employed. As to the amplifier 
output, two 6L6's loaf along at about 5 
watts! But when you feel the vibration 
in the floor and in the air from deep 
pedal notes on the organ, you'd swear 
that it must take 150 watts or more. 
Another interesting thing about the 

FAS is the dimensional effect on orches-
tral music. In a concert hall, you are 
conscious that the musk shifts from one 
part of the stage to another. The FAS 
creates the same impression. In fact, it 
is almost equal to true stereophonic re-
production using two separate audio 
channels. 

Further Development: 

Th, FAS idea started with Edmund 
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Flewelling. But his equipment, as dem-
onstrated to us, suffered from limitations 
which 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 LP 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 ashcan, and that there was no music 
in FM broadcasting. At our last meet-
ing, he proved his contentions by com-
paring reproduction of the same musical 
selections on LP and 78-RPM records. 
The LP quality was really terrible. On 
that occasion, he also had a good FM 
tuner, but the audio system that per-
formed so marvelously on 78-RPM 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 I 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 78-
RPM records only, we decided not to 
present the original Flewelling manu-
script, but to accept his challenge that 
improvement was impossible. 
Our own group at FM-TV has carried 

forward Flewelling's concept to create 
the completely flexible audio system to 
be described. 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 efforts 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 LP, 45-, or 78-RPM 
records and a crystal 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 commercial 
types of expensive high fidelity ampli-

fiers, we had to find out how to accom-
modate our speaker system to those 
units. All 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-

grees of success, constant voltage-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 critical elements: the 

Fig. 2. Complete circuit of FAS amplifier, with one fiat and one crystal input 

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

It is 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. 

Fig. 3 Pou•er supply has double-pi filter 

Any reasonably good amplifier can be 
rated legitimately as flat from 20 cycles 
to 20 kc.. 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 

20 cycles to 20 kc., and this flat charac-
teristic is maintained by the output 
transformer at any level up to 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 extremely low 
hum content. 
A circuit diagram of the FAS amplifier 

is given in Fig. 2. The circuit is simple 

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

The push-pull 6L6 output stage pro-
vides high power-sensitivity and ade-
quate peak power with low distortion. 
Operated class A, a pair of 6L6's deliver 
18.5 watts output at 2% distortion. The 
efficiency of the FAS speaker system is 
such that 5 watts 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 exceed .3c,; . 
The 65Q7 input stage has ample gain 

for a crystal pickup or a radio tuner, but 
not enough for a reluctance 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 tuner. Hence, 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. I. This illustruies one of flu basic advantages of custom-building — equipment can be installed in existing furniture 

DESIGNS FOR INDIVIDUALISTS 
CUSTOM BUSINESS BOOMS AS PEOPLE DISCOVER THE EXTRA PLEASURE AND 

SATISFACTION OF MADE-TO-ORDER INSTALLATIONS — "By PHILIP C. KELSEY* 

FROM 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 thirty 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 
ruled out consoles, saying that cabinets 

*Philip C. Kelsey Company, 21 Whitfield 
Street, Guilford, Conn. 

are too ugly to be seen, and too big to 
hide. The feeling of an increasing num-
ber of particular people was summed up 

Fig. 2. Drawer below tuner is record file 

UMW 

in this conversation, overheard at a radio 
store: 
"That radio cabinet is not period fur-

niture." 

"That radio cabinet is not furniture, 
period!" 

In the few well-made consoles of past 
years, part of the equipment usually be-
came obsolete within a short 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 so that individual tom-



ponents which become obsolete can lw 
replaced easily. This permits the owner 
to take advantage of equipment improve-
ments quickly, and at minimum cost. 

Demand for Custom Work: 

To show how particular people can be. 

Fig. 3, above left. When new cab-
inets must be built, they can be de-
signed for best use of floor sign,' and 
to harmonize with other 

Fig. 4, above right. Extra speakers 
can be provided in other rooms. This 
speaker was mounted inconspicuous-
ly above a built-in filing cabinet 

Fig. 5. below. A cabinet planned 
for future expansion. A TV tuner 
will eventually replace the shelves 
between the two speaker enclosures 

consider an in-tiillation I made for a 
criminating fainil.‘ living in a lovely old 
home on a hill above the Connecticut 
Inver valley. Every piece of their furni-
ture reflected character and cliarm. They 
wanted a radio-phonograph that wonld 
give performance consistent with t 

quality of the iiiitiiiiiiii - . Aii stand-
ard console was ruled out because, in the 
opinion of the owner, it would ruin the 
appearance of his living room. A pre-
liminary study of the situation revealed 
that the electrical supply was a 32-volt 
lighting system. 

Fig. 6. . onle like cupboard construction because equip-
ment con be concealed completely, as shown in insert 

implumemie 
rmu mum immummili immummiumini ummeimmum mum milmmin 



771-

.ffl14 

pl 

• 4 

, 
' 1•42"7,---",-4”-eie••••1•4111• 

11.111111111UM1111111111.11MIM 

MINIM 

MIII1131111111111•11B1111 11aMIIII 

MMMMM M11111111111•1111111I 
MMMMMM 11111•1111111111131 

• • • 

Figs. 7 and Another cupboard installation. Indi eidual units can be replaced easily as they become worn or obsolete 

The final plan which the owner ap-
proved worked out in this way: A ma-
hogany Queen Anne lowboy was designed 
and built to house a tuner, amplifier, and 
turntable. The turntable was mounted in 
a drawer with a light and automatic 
switch. The drawer pull was used as a 

Fig. 9, above. Cabinetry must 
harmonize with room decor. Per-
fect balance is achieved here for 
subdued effect desired 

knob for the volume control. A nearby 
bookshelf was used to conceal the 
speaker. AC power came from a small 
motor-generator operating on :32 volts, 
which required the use of a governor-con-
trolled turntable. 

This may seem like going to extremes. 

INV ri I iiiu. W11111111-

but l can assure you there an endless 
supply of customers with just a5 specific 
ideas as to what they ‘viint and how 
they want it done. Incidentally, that in-
stallation probahl.‘ sounds more expen-
siv(• than it was actuall-. Ilany people 
think that cu'ioni ‘vork 11111S into enor-

Fig. It). below. This speaker is operated 
front amplifier at left. 7'-pad attenuatore 
are desirable, permitting individual vol-
ume adjustments for each speaker used 

moeir 



mous prices, so it's usually possible to 
give them better pt•rformance and more 
attractive appearance for less money. 

Developing Business: 

I find that some custom designers, no-
tably engineers at broadcast stations. 
seen.' to have had little trouble in get-
ting started. They have the advantage 
of an established reimtation. I started 
the hard o ay. Back in 19'21, I Insilt 

myself an installation that my neighbors 
th.guight so wonderful that they asked me 
to do I he same for them. 
The receiver was a breadboard affair 

wit It a regenerative detector and two 
stages of audio, mounted in a bookcase. 
.‘ ir nt rr carrying three pairs of head-
phones concealed the radio set during pe-
riods of no earst raining. At the bottom 
of the bookcase was a lead-lineg I space 

Fig. 11. below. Adequate rentilation 

ninst be prorided for all components. 
This not only prevents fire hazards but 
prolongs equipment life. Here a grille at 
top of the cabinet permits circulation. 

.. .. gee 
vise .r. * set "i^ «P." MI III ICI MO 

containing two storage batteries. a 
charger. rubber gloves, a jar of vaseline. 
another of distilled water. and twr¿ 43-

volt B bat teries. I learned a 11:1•11• 

1.1'1)111 t t seemed that well-
charged storage hallo Tit ,  gaVt off a con-
siderable amount of angl dud 
poor connections tended (re spark. The 
net restill was that an explosion took 
place in that unventilated enclosure. ac-

comnting for the sudden renueval of two 
lead-lined doors, and e¿ome ¿ lainage to 
my shins. 

Fortunately. Hutt happened before I 
made any siniiiar uit Allations for my 
friends. Today. of course, there is no 
need to ‘vorry ahout storage batteries. 
but ventilation is of the utmost impor-
tance because of the heat generated in 
receiver. amplifier, and rectilier tubes. I 

CI= 
Se* Aft% 
lit*" MINI 

aluo, . This installatioc lias a 
special high-power audio amplifier and an 
equalizer to regulate speakers in ser.eral 
rooms. A neat. careful layout pre t. cuts 
confusion among the many control knobs 
and switches required. 

ImV equal attention to safety require-
ments for AC lines, and I go to great 
lengths to conceal all cinnit leads not 
only for their protectigat but to protect 
grownups and children from tripping over 
wires which, if expirsegl. would come 
loose in time. 

Equally careful at teiit ion to every 
ut her last detail pays in dividends of new 
customers. .\ II the credit for the file-1 
kind of a job can be lost by some ii tie 
carelessness that becomes an annorgnee 

to the owner. It's all right if a set stops 
working because some major fault (level-
01),, 1111t an intermittent connection or a 
set-serew that won't stay tight may • nst 
goud will and business from tile oNver's 
friends. 
Times have changed .-.nee I built my 

first display installation. What I bave 
now is that four-section job illustrated at 

(Continued on page '11) 

98 Fill-TV. the JOURNAL of RADIO COMMUNICATION 



THE FAS AMPLIFIER 

(Continued front page 24) 

equalized for a crystal pickup, and the 
other for a tuner or reluctance pickup. 

Two input isolating resistors could 
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, Fig. 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 ease, both the input 

-4\ Fig. .. Plenty of working room 

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-
works, together with instructions for 
winding the chokes, will be furnished in 
the section on the speaker system. 

is provided nuderneath the chassis. 

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

The Power Supply: 

With the extended low-frequency re-
,uonse of the FAS system, the power 
supply must be filtered heavily to insure 
that hum will not be introduced. Fig. 3 

shows the schematic diagram. Since no 
docoupling networks are employed in the 
amplifier. a. double-pi filter is necessary. 

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

Crossover Network: 

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

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-

ance. Particular attention should be 
paid to the selection of an output trans-
former, since it is this component which 
determines the power characteristic. 

PARTS LIST 
R3 2-megohm potentiometer. I/2 watt 
R-I 2.000 ohms, 1/2  watt 
115 56,000 ohms, 1 watt 
116 10 megohms. I 2 watt 

R7 75,000-ohm potentiometer. 1 watt 
R8 2.000 ohms, watt 
119 68,000 ohms, 1 watt 
R10 250,000 ohms, watt 
Ru I 250,000 ohms, I watt 
1111 150 ohms. 10 watts 

Ris 30,000 ohms, I:, watt 
1114 150 ohms, 25 watts 
(113 can be a fixed resistor if the volume 

is to be controlled externally) 
C2 .5 mfd., 400 volts, paper 
C3 .5 mkt., 400 volts, paper 
C4 .5 mfd., 400 volts, paper 
C6 40 mfd., 600 volts, electrolytic 
C.5 40 mfd., 600 volts, electrolytic 
C7 40 mfd., 600 volts, electrolytic 

VI 6SQ7 - V2 6C5 - V3 6L6 - V4 6L6 
V5 5U4G 
Ti Output transformer, Peerless S-230-Q 
T2 Power transformer, Peerless R-560-A 

Power supply choke, Peerless C- 155-A 

_Vote extremely short AC leads from power transformer 

M ISCELLANEOUS 
Parmetal chassis 17 by 10 by 3 ins. 
SPST toggle switch 
SPDT toggle switch 
2 pliono input jacks 
Pilot light assembly 
Knobs and dial plates 
AC cord and plug 
5 octal tube sockets 
:; terminal strips 

NOT,:: (71 and RI make up the crystal 
equalization network. Optimum values 
vary with each type of crystal. Repre-
sentative values are: Cl 150 mmf., RI 
1 megohm. 

Construction and Wiring: 

The parts layout for the FAS amplifier 
can be seen in Figs. 4 and 5. A chassis 
17 by 10 by 3 ins, is recommended to ac-

(Continued on page 36) 
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Fig. I 1111411'1 li' l*-10.1 straight FM tuner. Selecth , AFC cult be switched 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: FM 
sets aren't hard to tune. They just 

seem so because AM sets are so broad. 
l'hat isn't exactly true, bevanse a lit-ke. 
AM cluinnul at Loon ke. t,. 1.11/111V1.1y 

t ¡ Inc. a, \' ide as a loo-ke. channe l at ion 
Ii' ver. automatic N•ultime con-

trol in at, AM receiver makes the tuning 
seem brua(1 because it suppresses normal 

" I "hie t" 115cr. lirowning Laboratories. Inc.. 
Winclo—te ,. . 

F:g I. ( omplete circuit for RI"- 10.1 tuner. 

volume variation as the resonance point 
is approached and passed. FM signals, 
(nt the other hand, must be centered 
exactly on the discriminator response 
curve, since there is noise and distortion 
at each side of the correct setting. 

More Listeners, New Problems: 

It is interesting to look back over the ten 
years that we llave been building FM 
and nf-ANI tuners at Browning Labora-

Each audio input. 

tories tu see the ( hanging 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 FM and FM-AM 
tuners are used with high-fidelity audio 
,tetns in custom installations. That is 

\\ hy we now have three chassis designs, 
to meet individual requirements. 
For a long tinte, the majority of our 

tuners were bought by engineering-
minded people. They didn't mind the 
necessity of getting each station on the 
nose but they did complain about drift. 
Components for circuits operating on 88 
to 108 me. are so small in size that ex-
pansion due to heat from the tubes 
changes their electrical characteristic 
enough to cause debuting. That trouble 
was eliminated by changing the relative 
positions of critical circuit elements, and 
by using components with negative 
temperatures coefficients. 
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 satisfying 
the experts who like to seek out every 
new station they can log on the dial, and 
still satisfy Mr. and Mrs. John Public 
who, in increasing numbers, are switching 
from AM to FM listening. 
The way to satisfy the latter group was 

to use automatic frequency control. So 
we undertook the development of an 
AFC circuit that would give a proper 
balance between broader tuning adjust-

(drum swit in the circuit, 10 fed through volume control 
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Saving energy for better 
low-cost telephone service 

In the waveguides which conduct 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 corrosion, they found, increase losses by 
50 per cent or more. Es.en silver plating. smooth to the eye, 

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 

WORKING CONTINt•ALLY TO KEEP YOUR TELEPHONE SERVICE BIG IN VALUE AND LOW IN COST 
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Fig. 2. Rear of model RV-I0A. Note subchassis assemblies bolted to main chassis 

nient and the tendency to jump over a 
weak station to bring in a strong one on 
a close-by channel. 

Meanwhile, further circuit refine-
ments were worked out to increase both 
sensitivity and selectivity for the benefit 
of those %di() tvant every last bit of per-
formance that an FM. tuner can produce. 
There we had conflicting characteris-

tics and, moreover, as we learned from 
field tests, conflict ing requirements in dif-
ferent areas, Iteca use receiving comlitions 
awl the geographical distribution of FM 
stations vary to a surprising degree. 

Finally. an obvious answer was found, 
so simple that no one else had thought 
of it before. We made a further change 
in the circuits so as to provide Selective 
AFC. Now, in all three tuner models, 
those who want non-critical 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 

circuit. 
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 
selector switch is turned to the phono-
graph, television, or recorder position, 
the proper input is selected and fed to 
the volume control. In these positions, 
FM and AM outputs are grounded. 

Selective AFC Circuit: 

The complete schematic diagram of the 
RV-10A tuner is given in Fig. 3, and a 
simplified diagram of the AFC circuit in 
Fig. 4. A 6J6 reactance tube is shunted 
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across the local oscillator tuned circuit. 
Because of the high transconductance of 
the 6.16 triodes operated in parallel, the 
control range of the circuit extends to the 
peaks on the discriminator response 
curve. 
With the AFC switch in the ON posi-

tion, the grid of the reactance tube is DC 
coupled to the output of the discrimina-
tor. This output, at point X in Fig. 4, 
changes in polarity and magnitude as the 
signal carrier is moved across the IF cen-
ter frequency by the tuning control. At 
exact center frequency, the point of cor-
rect tuning, the l)( oitt lint is zero. At 

correct tune over a considerable range on 
the tuning dial. 

This AFC circuit is unusual in that the 
phase-shifting network, composed of C 

11.1 it. employs the grid-to-plate capacity 
f the tube as the capacitive element. 
Mien the AFC switch is in the OFF 

po›i t ion, the grid of the reactance tube is 
returned to ground, which in effect re-
moves the tube from the circuit. Tuning 
action is then normal. In the actual cir-
cuit. Fig. 3, it can be seen that in the 
AFC OFF position the grid is returned to 
a bias source rather than directly to 
ground. However, the effect is the same. 

Improved IF Section: 

The basic circuitry 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-mw. IF and discriminator trans-
formers of quality equal to the 8.25-mc. 
transformers formerly used in Browning 
tuners. These have been adopted in order 
to eliminate images in the tunable range. 
The discriminator transformer has 

370 kc. separation between peaks. This, 
with the wide-band IF system, provides 
an amplifier and detector with nearly 
ideal characteristics. 

In the RJ-19.13, triple-tuned IF's are 
employed for AM, resulting in a response 
curve 13 kc. wide and with steep sides. 
Bandwidth is adjustable from 9 to 18 kc. 
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. Sections such as 
the RF-mixer-oscillator tuner deck and 

FROM  

DISC 6H6 

ON 

Tt Ir 71 I I 

Fig. .. Simplified diagram of .4 FC circuit, 

this point the reactance tube has no 
effect on the local oscillator frequency. 
When the local oscillator has not been 

tuned so that the IF center frequency 
falls exactly at the center of the discrim-
inator response curve, a DC voltage is 
developed at point X. Its polarity and 
magnitude depend, respectively, on the 
direction and amount of tnistuning. This 
control voltage is applied to the 6J6 grid 
so that the tube shifts the local oscillator 
frequency in the proper direction, and 
the discriminator l)(' output is reduced. 
Thus, a signal is held automatically in 

FM-TV, the 

which employs only one additional tube 

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

arrangement possible. 
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MODEL RV- 10A ABOVE 

BROWNING is FIRST 
with FM circuits for 
SELECTIVE il7C 

Before you buy ANY type of tuner, 

Check the Performance of These New Browning 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 
you go along the dial? 

Or do you want to be casual about it, and get 
your stations without having to lean forward in 
your 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 

October 1950—formerly FM, and FM RADIO-ELECTRONICS 

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 Browning display in 
Room 645 or at the exhibits of Arrow Electronics, 
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., Arnprior, 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. Reduced equalization require-

ments and added power handling capacity are obvious advantages. 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 small-cell high 

frequency horn. 

Music appreciation courses would assume their avowed functional 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. Styles and power 

ratings are available for every application. Write for details, or better, 

visit us for a demonstration. 

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 

ALMOST 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 ability 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- éol 

E Ers 02 

h B+ 

% LT 1NTERSTAGE 
TRANS. 

Fig. 1. lnterstage 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 volts with respect to the center-
tap, which in turn is at -I-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 to the center-tap. 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 
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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 Rs.1 is 
180 out of phase with the grid voltage. How-
ever, the signal across 121.2, 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 R1.1 and RI.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 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 max imum gain is required. VI is a 

V2   

Ccl  

IA - 

RO 

1B 

Rc.2 

Cc2 

o 
Eo1 

Fig. 3 This circuit, often used, provides high gain 

straightforward RC-coupled amplifier stage, pro-
viding full gain. Its output, Eol, feeds one 
push-pull end. The grid resistor is divided, how-
ever, into two unequal parts. Part of Eol 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 Eo2. 

12,2 should be equal to the sum of RG1A and 
R.,.111. In order that the two outputs may be 
equal, the percentage of Eol fed to V2 should 
be the reciprocal of the gain of V2. For example, 
if the gain of V2 is 15, then Rol It should be 1/14 
the value of RcIA. 

Disadvantages are that two tube sections are 
required, and the balance is affected by the 
particular tubes used. It is difficult to obtain 
in practice the precise relation required for the 
two parts of VI'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 
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Fig. 4. Inversion from output transformer bleeder 

and V2 make up the push-pull output stage. A 
dividing network, composed of RsIA, Rs111, and 
124:, is shunted across the upper half of the output 
transformer primary, which is fed by VI. 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 Rs! II and Ro in parallel should be 
1/4 the resistance of RsIA. 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 

Dhre 646-e Jicti _Sdomethi" 
.._)pecial to Plectóe & Prg Owner 

HE REL 646-B has probably 

won more enthusiastic friends 

for more different reasons 

than any other radio re-

ceiver. This is borne out by reports 

from broadcasters, research laboratories, 

custom set builders, and private owners 

of these FM sets. 

This report from a fight fan is typical 

of those from metropolitan areas: " I 

had been told that FM wasn't any bet-

ter than AM in the city. but in the 

hope of getting decent reception of the 

Louis-Charles bout, I had a 616-B in-

stalled in my home. I want to tell you 

that I have never enjoyed a sports 

broadcast as much as that one. Always 

before, the noise from elevators and eke-

trical machinery in our apartment house 

spoiled half the fun. but we got that 

light without a click or a rattle of in-

terference." 

And from the country: " Until we 

got our REL FM receiver. our dog never 

paid any attention to the radio. But 

even he can recognize the improvement 

over AM because reception now is so 

clear and perfect that if someone knocks 

or whistles on a program. he jumps up 

and runs to the door. .1s for static, we 

still haven't got used to seeing a flash 

of lightning without hearing a rinir frinn 

the radio speaker." 

The manager of an FM station told 

us: "Whenever I get a complaint from 

an listener, I give the name and 

address to one of the local dealers. He 

sends a serviceman out to run down the 

trouble. Now I find that his serviceman 

takes along a 646-B to demonstrate on 

such calls. In that ,way, he is selling 

more of your sets than the salesmen in 

the store." 

Today, these receivers are so widely 

accepted as the standard of 1::\ I per-

formance that we have liad to make 

modifications of the 616-13 for various 

special purposes. 

THE ARMSTRONG S""m $345 
LICENSIOUNIO AAMSINONE PATENTS 

We are making one model, for ex-

ample, because broadcasters insisted 

upon having sets to use in buses and 

streetcars that duplicate 616-B perform-

ance and dependability. The Bureau 

of Standards, after purchasing a quan-

tity of 646-Ws, asked for ei special 

modification to meet their requirements 

for propagation research. Still another 

model is being use il for music reception 

in public places by those who require 

646-B tone quality and freedom fr(mi 

services. 

Parts jobbers and designers of custom 

installations are in to write for 

technical data and information on dis-

mints and deliveries on the REL (.;¡(;-B. 

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

RADIO ENGINEERING LABORATORIES, Inc. LON3G6- 
14sO 7tLA3NDhcSITTRyEIETN y 
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*), 
RADIO 
ENGINEERING 
I_ABS., Inc. 
'IONEERS IN THE CORRECT USE OF 
ARMSTRONG FREQUENCY MODULATION 

AM STATIONS 

CAN NOW USE 

REL 707-B 

S-T LINKS TO 

ELIMINATE 

CHARGES FOR 

STUDIO-TO-

TRANSMITTER 

WIRE LINES 

NOW AVAIL-

ABLE FOR 

IMMEDIATE 

DELIVERY 

5-T LINKS CUT AM STATION COSTS 

FCC Now Permits Their Use on 925-940 Mc. 

AM stations are authorized by the FCC to use REL 707-13 

S-T links to ellminate line charges, increase reliability, and 

improve program quality. Installation of the receiver and 

the Serrasoid transmitter, shown above, is very straight-

forward. All tubes are standard, low-cost types. Antennas 

are parabolic designs. Any 3rd class radiophone permittee 

may operate the transmitter. 

FM signal-to-noise ratio for the complete system is 70 db 

below 1005- modulation; audio response is flat within 

.5 db from 50 to 15,000 cycles; maximum harmonic dis-

tortion less than .5% at 100qc modulation. These specifica-

tions exceed FCC requirements. Write for complete 

information and prices. 

Engineers and Manufacturers of 

Broadcast, Communication, and 

Associated Equipment since 1920 

RADIO ENGINEERING 
LABORATORIES, Inc. 

THE FAS AUDIO SYSTEM 
(Continued from page 26) 

commodate all components comfortably. 
If space is not available for a large ampli-
fier chassis, it is advisable to construct 
the power supply on a separate chassis in 
order to avoid hum pickup. 
As can be seen in Fig. 4, the 6SQ7 tube 

is at the left of the chassis, close to the 
two input jacks on the left side. The 
6C5 is next on the right, followed by the 
two 6L6's. Directly behind the 6SQ7 is 
the output transformer. 
Components of the power supply are 

all at the right. Fig. 4. The power trans-
former and filter choke are at the ex-
treme right-hand end of the chassis, as 
far away from the input stage as possible. 
The choke is just visible above the 
51.4Cr rectifier. Three filter capacitors 
are aligned in back of the rectifier. 

Controls on the front panel from left 
to right are the gain control, input switch. 
bass and treble level controls, pilot light, 
and the AC ON-OFF switch. The level-
control potentiometers are components of 
the crossover network. Fig. Q. Their re-
sistance values depend on speaker impe-
dances, as will be explained in the sec-
tion on the FAS speaker system. When 
an external crossover network is used 
these controls will be external also, and 
can be used as operating controls or as 
fixed balancing adjustments. 
The filter resistor, 1114, is mounted on 

a terminal strip, Fig. 5, which also pro-
vides tie points for the other power sup-
ply components. Two other terminal 
strips, located below and to the right and 
left of the lower 6L6 tube, carry the 
ground and B+ buses. All ground con-
nections should, of course, be made to the 
ground bus, which is joined to the chassis 
at one point only. Shielded leads should 
be used for all wiring up to the 6SQ7 
plate. 
Two potentiometers can be seen on the 

back panel just to the right of a cross-
over network choke. One of these is R7. 
Fig. Q. Its purpose is to adjust the total 
resistance in the cathode circuit of the 
6C5 phase splitter, so as to equalize the 
drive to the 6L6's. The other potentio-
meter and the components on the ter-
minal strip above it were used in develop-
mental work on the amplifier, and should 
be disregarded. 

Use of Standard Amplifiers: 

The use of the FAS amplifier design is 
recommended because it was worked out 
specifically for the crossover network and 
speaker system to be described. How-
ever, several of the standard high-fidelity 
amplifiers have been tried with the FAS 
speaker system and modified networks. 
In A-B tests, the difference in audio per-
formance was found to be a matter of 

IMPORTANT 

personal and professional 

OPPORTUNITIES 

for experienced 

ELECTRONICS ENGINEERS 

A broad program of research, design and de-
velopment in new electronic fields with vast 
commercial applications by the manufacturer 
of Freed-Eisemann radio-phonographs and tele-
vision receivers provides an opportunity for 
gaining valuable experience in important new 
electronic concepts and techniques under the 
direction of scientists of international repute. 
Adequate facilities, pleasant conditions and 
attractive salaries make this an opportunity for 
personal as well as professional advancement. 
Many openings for experienced electronic engi-
neers . . . including: 

Project Physicist for fundamental electron tube 
research. Ph.D. or M.S. degree and extensive 
technical experience in the field of photo-
electric, secondary emission, solid state, elec-
tron and physical optics 

Senior Electronics Engineer and Juniors: B.S. 
or M.S. degree, three to five years' experience 
in television, radar, and display-circuits. 

Project Engineer: Capable of designing low-
power transmitters and receivers, AM, FM and 
UHF. 

Furnish complete resume of education and ex-

perience, salary required to Director of Research. 

FREED RADIO CORPORATION 
200 HUDSON STREET NEW YORK 13. N. Y. 

COMMUNICATION 
SYSTEMS in the U. S. 
Including mobile, point-to-point, and 

relay innstallations 

No. 2: Registry of 
Public Safety Services 
Listing all radio communication 

systems operated by 

POLICE — FORESTRY — FIRE 

HIGHWAY MAINTENANCE 

SPECIAL EMERGENCY 

No. 3: Registry' of 
Transportation Services 
Listing all radio communication 

systems operated by 
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URBAN TRANSIT - BUSES 

TRUCKS - PUBLIC GARAGES 

These Registries, revised annually from FCC 
records at Washington, list the name and 
address of each licensee, frequencies, call 
letters, make of equipment, number of mobile 
units operated by each system. 

PRICE: $ 1.00 each, postpaid 

Published by 

FM COMPANY 
Great Barrington, Mass. 

TEL STILLWELL 6-2101 TELETYPE N '1,40816 

36-40 37th Street, Long Island City 1, N. Y. 



personal and somewhat uncertain prefer-
ence. Accordingly, in the course of this 
series, data will be given on crossover 
networks suitable for use with several 
of the standard amplifiers. 
EDITOR'S NOTE: Part 2 of this series will 
describe the FAS speaker system. 

WHAT'S NEW THIS MONTH 

(Continued from page 11) 

COMMISSIONER JONES may be 
correct 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 economic 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 engineers of 
intellectual ability and integrity. 
The effect of this state of imbalance, 

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 L 1950, to Dr. W. R. G. Baker, 
RTMA's Director of Engineering. 
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 one-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 public." 
"In governmental circles," Major Arm-

strong continued, " the grade of engineer-
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, IRE, Feb-
ruary, 1947), which moved FM to its 
present wave band, brought about the 
interference which, without the move, 
could not have existed. That is not, how-
ever, the major error in judgment. The 
major error is the allocation of the fre-
quencies of an air navigation service to a 
place within the interference range of FM 
and television sets where, with a large 
number of sets scattered about the.coun-
try, the chance of something going wrong, 

(Concluded an page 38) 

iVeweit 

HIGH FIDELITY 

MAGNETIC TAPE 

RECORDER 
Model 400 

TERMINAL brings you 
this new incomparable 
15,000 cycle perform-

ance at 7% inches per 
second that equals the 

performance of 15 IPS 
full-track recorders 
and gives 4 to 1 sav-
ings in tape cost. 

2 FULL HOURS OF PROGRAM 

MATERIAL CAN BE COMBINED ON ONE 10" REEL 

METER 8, OUTPUT SWITCH — Position " B'' 
(Level), connects meter " Line Output" plug, 
and "Phones" monitor p!ug to the output of 
the playback for monitoring of playback, 
while recording or playing bock tapes. Posi-
tion "A" connects "Line Output" plug, and 
"Phones" monitor plug to the -ecord ampli-
fier for direct monitor of the incoming pro-
gram. Under position "A" the,. are three 
switch positions designated: LEVEL — which 
connects the meter to measure record volume 
level. 
MAS—which connects the meter to indicate 
proper record bias. 
ERASE—which connects the meter to indicate 
proper erase current. 
SPEED CHANGE — Togg le switch permits 
quick choice of 71/2 or 15 i.p.s. tape drive 
speeds. 

RECORD BIAS ADJUSTMENT — Biased for 
maximum output of 1000 cycle tone (factory 
adjusted). 

795" 
NET 

71/2 "-15" EQUALIZATION — Adjusts elec-
tronics fog proper operat•on at 71/2 or 15 i.p.s. 
INPUT TRANSFER SWITCH — Properly con-
nects "ncn.t plug for: I) 200 ohm microphones 
such as R.C.A. 448X, KB-2C, etc. II) Balanced 
bridge for bridging telephone lines or bal-
anceo studio lines_ Ill) Unbalanced bridge 
100,000 ohm input for rodio tuner, phono 
pre-omp, bridging public address equipment 
or unbalanced studio lines. 
FOUR-INCH "VU" METER — Volume level 
meter used to indicate proper record volume 
level. This instrument can be switched for 
several functions as listed under "Meter & 
Output Switch." 
OUTPUT LINE TERMINATION SWITCH — 
Places 600 ohm terminator across amplifier 
when same is not externally loaded (This ;$ 
necessary for proper meter calibration). 
OPERATION SELECTOR — Switch provides 
for normal forward or fast forward or fast 
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 catalog on hand, write for one today! 

FREE.••WRITE FOR YOUR PORTFOLIO OF 1.5 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 

Distributors of Radio & Electronic Equipment 

85 CORTLANDT ST., NEW YORK 7, N. Y. • VVOrth 4-3311 • Cable: TERMRADIO 

V. A XI C) fa R. tr4.1 % fat* 
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THE NEW REK-O-KUT RECITALIST 

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 outwit 10 watts; 

inputs for mike, radio and xtal pickup $199.95 

REK-O-KUT VARI-CON DRIVE TURNTABLE 

Newest thing out . plays at any speed 
from 25 to 100 RPM without "WOW". 
Constantly variable, reproducible speed 
settings, accurately calibrated for 33' 3, 
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 0/S- 12—Chassis, motor and turntable $ 84.95 

Model CVS-12P—ln portable case with 16" pickup $124.95 

OTHER REK-O-KUT TABLES 

. 

`.:.* 

•*:-1.• 

MODEL SPEED SPECIFICATIONS NET PRICE  

$119.95 T- 12H 78-33 1/3 Noise Level: -50 db 
Motor: Hysteresis Synchronous 
Chassis: Aluminum casting, cross ribbed, 

flush mount 
Turntable: Aluminum, lathe turned 

T- I 03A 45 rpm idler with record adapter 
interchangeable with 33 1/3 6.00 

T-43H 45-33 1 3 same as for model T- 12H $119.95 

T-104 78 rpm idler, interchangeable with 45 rpm 5.50 

NEW RCA 15" DUO- CONE SPEAKER 
High fidelity speaker with "built-in crossover," no network needed, 
minimum crossover interference. Can handle up to 25 watts power. 
Has dual 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 artic:e 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  $20.70 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   39.00 

VISIT THE Telephone: 
AUDIO-
TORIUM 

Come in and visit our 
new sound deportment 
. . . all these items 
and many snore on 
working display at all 
times. 

16" arm 

  $13.80 

  19.80 

LOngacre 3-1800 NOTE: In view of the 
rapidly changing mor 
bet conditions, alt 
prices shown are sub-
ject to change without 
notice and are Net, 
F.O.B., N.Y.C. 

WHAT'S NEW THIS MONTH 
(Continued from page .;: 

even with properly designed sets, must 
be considered. Why some of the non-
vital types of air communicati)m services 
were not assigned there to serve as a 
buffer region, so that all services adjacent 
to safety-of-life channels could he under 
CAA supervision. is something in need of 
much explanation. 

"There is likewise a seCluid quwstion 

hipli required answering: Why is the 
guidanci. of a ship anti its passengers en-
trusted to a transmitter having the pea-
nut-like power of 100 watts — just about 
a quarter horsep(m vv. when thousands of 
lit irsepower art- employed in the ot her 
part of the transportation problem: that 

of keeping the ship in the air? Sound 
engineering judgment wouhl dictate the 
use of sufficient power from ground trans-
mitters to override even chance raffia-
tkilis from damaged FM or TN sets or 
ghat hermy machines out of control. Equal 
lack of foresight came to light a few years 
ago when idanes were provided with 
,uperlieterodyties for instrument landing 
operation with insufficient image rejec-
tion against FM transmit let's in the cen-
ter of the band. 
"The list of mistakes that should not 

have been made coulil be continued. but 
sufficient instances have been given to 

tutihe the point. Chairman Coy of the 
Federal Communications Commission is 
to be commended for bringing into the 
open a problem which both the Conunis-
ion and the industry have been :Mall' of 
for at least two years. This Commission. 

however, with inspire more confidence 
were it to admit the mistakes of the 
former Commissii n. in whose actions 

the basic respiotsibility lies. The present 
Commission is now face to fat-e with the 
1:1‘5 s of Nature: it will find that they are 

immutable as the laws of tins Medes 

and Persians. A refusal to recognize that 
a bridge is improperly designed not 
pri•sont t he future collapse of that bridge. 

"1 sugge,t to the Itadio and Television 

Manufacturers Association if it expects 
to continue to (I() its own engineering that 
it take the steps necessary to see either 
Ihat that vnginecring is done properly. or 

that the facts about sound engineering 
be so plainly presented that responsibility 
for their violation can he squarely placed. 
If it does not do this it will find its en-
gineering being conducted for it by some 
government bureau. perliaps on a lower 
plane of competence, but none the less 
living conducted for it." 

Yes, that certainly can happen to an 
industry regulated by a government 

agency against whose decisions no appeal 
can be taken. even t hough they are 
technically wrong, as long as they are 

legally right. 
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FEATURES IDEAL 

RESEARCH 

REPRODUCTION 

TRANSCRIPTION ARMS 

N EW ...-DAMPED 
108-B ARM 
For all records — 331/3, 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. 1st). 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, 21/2 -mil or 3-mil cartridges or Pickering cartridge to 
be slipped into position in a jiffy. No tools or solder! Superb reproduction of 
33 1/3, 45 or 78 r.p.m. records. Low vertical irertia, precisely adjustable stylus 
pressure Write for bulletin. Price, less cartridges, $45.15 

EQUALIZERS 

MODEL 603 EQUALIZER 
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 EQUALIZER 
Has 4 control positions, highly accurate response curves. Price, $49.50 

Write for bulletins on Gray Equalizers. 

RESEARCH and Development Co., 
20 Arbor St., Hartford 1, Conn. 

Division of The GRAY MANUFACTURING COMPANY 

Originators of the Gray Telephone Pay Station and the Gray Audograph 
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Sze  ilieneecie SIGNAL 
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MODEL 292-X 

)GENERATOR 

RANGE 

120 kc to 220 me 

in 

One Instrument 

CRYSTAL 

ACCURACY 

Available to .0025"( 

=MIMI 
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: Special oscillators available with accuracy to 
.0025%. 

Crystal Controlled: 1000 kc crystal provided with each generator with 
an accuracy of .05%. 

Attenuator: Heavy cast aluminum. 

Output Voltage and Impedance: 1 to 100,000 microvolts into 52 ohms. 

Modulation: 400 cycles. 

A.F. Output: 0-2 volts. 

Decibel Meter: — 10 to ± 38 db in 3 ranges. 

Specifications: 14" x 161/2 " a 8"; 29 lbs., 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 additional 
information today! 

1 9 1 0 

THE HICKOK ELECTRICAL INSTRUMENT CO. 
10530 DUPONT AVENUE • CLEVELAND 8, OHIO 

* 40d Arouecceeiteuvre, * 1 9 5 0 

FREQUENCY-INTERLACE 
Continued from page 39) 

the relatively short time available. Pre-
liiisitesry laboratory tests have been 
n1411 however, to verify some of the 
ba ,i(• principles. For example, a, con-
titutous-wave oscillation frequency repre-
sentative of a red carrier has been super-
impose(l on a black-and-white picture. 
and it has been determined that the best 
frequencies for it are any of those lying 
between line-frequency harmonics. 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 

is shifted to lie midway between har-
monies of the line frequency, two effects 
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) 

mission and reception of a page of 
graphic material. 

Conclusion: 

The equipment described 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, 1948, the sys-
tem has been out of operation only one 
day. That interruption was caused by 
antenna icing. 

Facsimile transmitters and receivers 
are operated and maintained by person-
nel of the Weather Bureau. Specially-
trained operators are not necessary. 

FAX & TELEMETERING 
I (' mitiiiited from page 17) 

tially. Because the recorded copy is con-
tinuous, the map is received in two sec-
tions rather than four which, when joined 

it li plastic tape, provide a map 16.4 by 
23 ins. 

'Flic 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 either the lighter or darker 
›hades of the transmitted copy. 
VHF receivers feeding the facsimile 

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. 
40 miles west of Denver. The vertical 
chassis at the left is the basic FM trans-
mitter; the chassis at the right is the 
superheterodyne receiver. The unit 
mounted above these two is the 4-65A 
power amplifier and power supply. A 
control panel in the center 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 
each 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 receiver 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 each 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. It is very useful because so 
many people don't know that all kinds of 
equipment not found in factory-built sets 
can be included in custom-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 I 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. It is nurtured by 
good will and confidence. 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 book 
of photographs of installations he has 
made, and any other pictures he can col-
lect to show prospects how systems in 
other homes might be adapted to his 
particular needs. 

Typical Installations: 

The accompanying illustrations show 
some of the various types of installations 
I have made recently. Figs. I and 2 il-
lustrate 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 

Choice of new all-in-one front model, 
or trunk mount unit—both are drawer-
type with quick lift cover. 

Motorola 
FM 2-WAY 
RADIO 

— with the broad nose and steep skirt 
characteristic, offers the most practicable solu-
tion to adjacent channel operation plus protec-
tion against obsolescence for many years to 
come. It provides full modulation acceptance of 
-2:15 Kc. at 6db.down and full adjacent chan-
nel rejection at the skirts. 

THE NEW UNI-CHANNEL SENSICON 
DISPATCHER incorporates all of these Motorola 
inventions and developments: 

e The Sensicon Circuit 
e Statomic Oscillator 
e Differential Squelch 
e Permakay-10 Wave Filter 
e Capacitance Discriminator 
e Instantaneous Deviation Control 
e 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 out-
put: 10-12 watts. 

Motorola 
COMMUNICATIONS & ELECTRONICS DIV. 

New UNI-CHANNEL SENSIC011 DISPATCHER-
witk iffiVadee Seseitcat 

QUICK INSTALLATION 
In any of several mounting positions, the com-
plete, permanent installation requires only four 
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 throughout. Here is truly the 0.1-pur-
pose 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., Chicago 51 • in Canada: Rogers Majestic, ltd., Toronto 

›ect ions, 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 
the 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 

tuner, amplifier and noise-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 study. Since no floor or wall 
space was available, a mounting was built 
over the filing cabinet. 

Fraternity houses and clubs need good 
radio reception for sports events and for 
dancing. Here custom installations show 
up to good advantage because standard 
radio-phonographs generally aren't 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 Connecticut. 
There is an FM-AM tuner, amplifier. 

and record-changer at the top, with filing 
(Continued on page 43) 
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"/61 II D1_11 
TV ANTENNA ROTATIIII 
With Afienalk, T I t EL ACTION 

AMPHENOL takes pride in cmnouncing the new 
"Auto-Dial" TV Antenna Rotator. It features an entirely 
new and different principle of rotator control called 
"automatic travel action," and represents the greatest 
single advance in antenna rotators. 
There are no tiresome buttons or switches to hold 

while the antenna is turning. An effortless turn of the 
knob to the correct setting and "Auto-Dial" takes over. 
Automatically—just like magic—the antenna follows to 
point directly at the TV station—then stops! 
So accurately does it perform that even a child can 

"log" antenna positions, accurately returning to them 
time after time. Rotation is in steps of 6 degrees, accu-
rately calibrated on the indicator. Because of this 
important feature, servicemen can now determine 
whether an antenna is functioning properly, whether it 
has the required front-to-back ratio and whether it is 
properly located for the best possible picture. 

FEATURES 

•Completely Automatic—no tire- • Houiing of cold-rolled steel, 

some buttons or switches to !led copper flashed and with attrac-
while antenna turns! tive baked-on enamel finish! 

•Antenna Rotates Rapidly—one • Neoprene Sealed at Factory 

revolu•ion every 22 seconds! Agaiast Dirt and Moisture! 

•Heavy-Duty Motor, Sturdy Con- • Accommodates Most Sizes from 

struction—easily handles stacked 3/4 " to 2" Diameter! 

arrays! 

Another AMPHENOL Development for Your Greater TV Enjo yment 

See It At Your Jobber Or Write For Illustrated folder 

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 guarantee that every 
part will arrive in new and perfect condition, 
shipped in the manufacturer's original carton. 

General Apparatus Co. 
South Egremont Massachusetts 

AMERICAN PHENOLIC CORPORATION 
1830 SO. 54TH AVENUE • CHICAGO 50, ILLINOIS 



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. It is in the General Electric 
Building, New York City. The antenna 
is 43 stories above the receiver, necessita-
ting the use of 780 ft. of HG-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 44) 

FREE 
Send for eilEYS 

NEW 1951 CATALOG! 

• ELECTRONIC SUPPLIES for INDUSTRY 
• BROADCAST STATION SUPPLIES 

World's Largest Stocks • Complete Expert 

Service from One Central Supply House 
Simplify your purchasing problems—send your consoli-

dated orders to ALLIED—the single, complete source for 

all electronic supplies. Rely on ALLIED for the world's 

largest stocks of parts, tubes, test instruments, audio 

equipment, accessories—complete quality lines of elec-

tronic supplies ready for immediate shipment from stock. 

ALLIED'S expert Industrial ard 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 and 

broadcast station applications. 

ALLIED RADIO CORP. 
833 W. Jackson Blvd., Dept. 20-K-0 • Chicago 7, Illinois 

Allied 

Everything in Electronics from ONE Source 

efiére ame 
...Quickly and 

Accurately— 

with this TYPE 110-B 

QX-CHECKER 

The QX-Checker is a production 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 tolerances is immediately shown. But 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 me. in 3 
ranges using accessory plug-in- coils (two coils fur-
nished with each instrument). 

BOONTON''BADIO 
BOONTON • USA Le't 

• 

212 PAGES: Equipment for 

Research, Development, 

Maintenance and Produc-

tion Operations 

Send for 

1951 
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. 

INDICATING SYSTEM: Q indicating meter with well ex-
panded 31/4 " 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%. Coped-
lance scale is also provided reading changes of 50 
mmf. is +50 mint, from nominal circuit capacitance 
of 300 mmf. 

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

DIMENSIONS: Width 12 1/4 ", Depth 18", Height 8 

WEIGHT: 26 lbs. PRICE: $415.00 f.o.b. Boonton, N. J. 

Write for Catalog 

DESIGNERS AND MANUFACTURERS OF THE "Q" METER ... OR-CHECKER FREQUENCY MODULATED SIGNAL 

GENERATOR . BEAT FREQUENCY GENERATOR ... AND OTHER DIRECT .READING TEST INSTRUMENTS 
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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, :ust write Dept. 13, 
The Leece-Neville Company, Cleveland 14, Ohio 
Pioneer and STILL Quality Leader 

77e ville 
CELT-

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 match existing woodwork, 
calling for making up special cutters. 
Sometimes existing hardware has to be 
matched, even if copies must be cast, 
machined, and finished. 

I very often mount speakers on angled 
baffles, so that the sound is directed to 
best advantage. Of course, this cannot 
be seen through the grille cloth. I always 
mount the grilles with spring clips, so 
they can be removed easily. 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 occasion-
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 
crane, 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. I 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, I 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. 
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CRAFTSMEN RC-10 
HIGH FIDELITY 
FM-AM TUNER 

lew tuner was your idea 

It is tbe precisely engineered 
answer to hundreds of question; 
. . . the solution to scores of 
aroblems . . . the outgrowth of 
countless suggestions we've je-
ceived from you. Developed 
from your ideas--ants a few of 
ours—the RC- 10 retains every 
feature of the famous RC-8. And 
't offers a host of innovations. 

• Built-in pre-amplifier compen-
sated for reluttance pickups. 

• Automatic Frequency Control 
entirely eliminates drift, sim-

plifies tuning. 
• 5 microvolt sensitivity on both 

FM and AM. 
• 10 kc filter on AM eliminates 

inter-station squeals. 

• Base and treble tone controls 
for boost, cut, or 20--20,000 

cycle flat response. 

SEE . • . the RC- 100A ultra-sen-
sitive, custom TV with 
built-in booster. 

HEAR ... the RC-2 high fidelity 
amplifier. All units fin-

ished in chrome. 

Write for information-or send 504 
for instructions and schematics. 

114E RADIO 

'sinon 

N.7.012POCATEC 

G 1611 S. Mir.higari Chicap 16, ill. 

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 Holes. Some thirty authorizations 
were issued during World War II in this 
Service, deactivated on July I, 1948. 
FCC has decided to hold hearings to 

determine which applicants will receive 
regular licenses as miscellaneous common 
carriers in Los Angeles, New York and 
Houston. Hearing dates have not yet 
been fixed and probably won't be until 
FCC decides two-versus-four-channel 
question of allocations in the sanie area 
for this service. 

COLOR AS THE FCC SEES IT 
(Continued from page 15) 

were the monochrome pictures from color 
transmissions under the RCA or CT! 
proposals. . . 
You have undoubtedly heard the CBS 

color system described as a mechanical 
system. . . The Commission pointed out 
in its report that the CBS system is not 
limited to the mechanical disc. A projec-
tion receiver was shown which did not 
require a disc. Also, if a direct-view tri-
color tube is successfully 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 successful compatible 
color system 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 oc-
curred since 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 manufacture receivers incor-
porating bracket standards. If we re-
ceive adeouate assurances on that score, 

(Concluded on page i6) 

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 number one source 
of supply and reliable information in the 
U. S. Whether you shop in person or by 
mail, you'll be 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 Peer-
less Transformers in the 
greater New York area. 
For a complete Peerless 
catalog, write or come 
in. Meanwhile you can 
order the following by 
mail: 

PEERLESS S-230-Q  

PEERLESS C-455-A  
PEERLESS R-560-A   

ALTEC 
SPEAKERS 
SUN is the place to 

buy those famous Altec 

Speakers. Naturally. 

we carry the complete 
line. 

A I,TEC 600-B ( 12" Dia-cone)   

RACON TWEETERS 

$15.60 

$ 5.73 

$ 9.30 

$40.77 

Order your Raeon High 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 front Sun Radio & Electronics Co.. 
Inc. From the tuner, or pickup, to the 
cabinet for the speaker. Sun Radio has a wide 
selection of the finest components and sob-
assemblies. Write for our famous Audio 
Catalog. Get on the list for our new General 
Catalog, too—due out in November. Mail 
orders filled carefully and promptly. 

VISIT US AT THE AUDIO FAIR— 
October 26, 27, 28. Hotel New Yorker, Room 
601. "Even Better Than Last Year" 

atk A aereo 
& ELECTRONICS CO. INC. 

122-F DUANE ST. • NEW YORK 7, N Y. 
2 Blocks North of Chambers St. 

BAuctar /- 1840 

Sound Studio Hours: Daily 9-6, Saturday 
9-4:30, 
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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. 

1161 N. VINE ST., HOLLYWOOD 38, CALIF. 

161 SIXTH AVE., NEW YORK 13, NEW YORK 

THE NEW 

1400 SERIES 

AMPLIFIERS 

1420A AMPLIFIER 

.iriL o 
141 LA PREAMPLIFIE R 

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 became 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 morrhs of delay. 

EQUIPMENT: Three chapters are devoted to the problems of selecting the right 
equipment for a particular system, specifications on transmitters 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-enfla 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 pictorially in 83 illustrations. 
The use of mathematics has thus been avoided in this clear, practical presentation. 

An elaborately illustrated reference book for executives, communica-
tions engineers, system supervisors. 190 pages, 81/4  by 11 1/2 ins. 

$4.00 Cloth Bound - $2.00 Paper Cover 'essZerer2e;os,uags, 

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

COLOR AS THE FCC SEES IT 

Con tin ued from page 45) 

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

But, you 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. 
These are fair questions and I will give 

you frank answers. In the first place, 
no successful 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. If 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 Commission were 

to postpone making a decision on color 
at the present time and proceed with a 
further hearing, without having assur-
ances as to brackets being incorporated 
into receivers, we would be inviting a 
situation where, at the end of such hear-
ing, fundamental defects might still be 
present in the compatible system but the 
incompatible system could not be adopt-
ed because the number 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 pictures. 
There are horizontal interlace and long-
persistence phosphors. More work is 
needed before a final answer can be given 
concerning these techniques. If they are 
successful, a change in line or field scan-
ning rate, or both, might 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 would be 
outstanding and incapable of operating 
on the new standards. .. 
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ADVERTISERS INDEX 

p.406-CCT 

s.406-AB 

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-fidel-
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. 

PRICE $ 1.00 in Ptlrete.A. 

ORDER YOUR COPY FROM 

FM-TV Magazine 
Great Barrington, Mass. 

FOR PUBLIC 
ADDRESS, RADIO, 
and kindred fields, 

JONES J?, 
PLUGS & SOCKETS 

of proven quality! 

Socket contacts 
phosphor bronze 

cadmium Plated • 

Plurgascso ntactshard 
bcadmium 

plated. Insulation 
m oldedugs  ondb alscdeclkiteets. 

Plugs  

psollariz1e;1. 2, 4, 6, 
contac.ts. 
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b1( b ok 

cracckdItedeon m 
:secl,.. ti 

gives full informa-

on complete 

•Z ee of Jones Elec-

trical Connecting 

Devices --- Plugs, 

Sockets and Ter-

minal Strips. Write 

¡iv > HOWARD B. JONES DIVISION 
CINCH MAIIIIPACTU•ING CORPORAIION 

CHICAGO 24. ILLINOIS 
SIPIISIDIARY OP VIIIIID•CARR Patti MIR CORP 

Adair, George P. 
Washington, D. C.: Executive 1230 

Alford, Andrew 
Boston: HAncock 6-2339 

Allied Radio Corp.   
Chicago: Haymarket 1-6800 

Altec Lansing Corp. 
New York City: Algonquin 5-3636 
Beverly Hills, Calif. 

American Phenolic Corp. 
Chicago: Rockell 2-4000 

Amy, Aceves & King Co., Inc. . .... 
New York City: Longacre 5-6622 

Andrew Corp. 
Chicago: Triangle 6461 

Audio Devices, Inc. 
New York City: Plaza 3-0973 

Bell Telephone Labs.   
New York City: Chelsea 3-1000 

Bendix Scintilla 
Sidney, N. Y. 

Boonton Radio Corp. 
Boonton, N. J. Boonton 8-0795 

Browning Laboratories, Inc. 
Winchester, Mass.: Winchester 6-2121 

Davis, George C.   
Washington, D. C.: Sterling 0111 

Doolittle Radio, Inc. 
Chicago: Radcliffe 3-4100 

Du Mont Laboratories 
Clifton, N. J.: Sherwood 2-7400 

Eitel-McCullough, Inc. 
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Evans Radio 
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Flagler Radio Co., Inc. 9 
Miami, Fla. 
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Freed Radio Corp. 
New York City: Walker 5-8765 
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Boonton 

CRYSTAL 
CALI BRATOR 
MEASUREMENTS CORPORATION 

Model 111 

qtEOUENCY 
RANGE: .25Mc.-1000 Mc. 

FREQUENCY ACCURACY: 

±0.001 To 

CRYSTAL CALIBRATOR 

MODEL III SERIAL Ulm 

A Dual- Purpose Calibrator 

• CRYSTAL-CONTROLLED 

OSCILLATOR 

• BUILT-IN DETECTOR 

2 Micro-watt Sensitivity 

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

Harmonic Range: 

.25 Mc. Oscillator: .25-450 Mc. 

1 Mc. Oscillator: 1-600 Mc. 

10 Mc, Oscillator: 10-1000 Mc. 

117 volts, 50/60 cycles; 18 watts, 

6" wide, 8" high, 5" deep; 4 lbs. 

MEASUREMENTS 
CORPORATION 

eNew Jersey 
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the 4-400A 

EIMAC 4-400A POWER TETRODE 

TYPICAL OPERATION 
AUDIO FREQUENCY POWER AMPLIFIER 

AND MODULATOR 

Class Afai ( Sinusoidal wave, two 
unless otherwise specified) 

DC PLATE VOLTAGE 3000 4000 

DC SCREEN 
VOLTAGE - - - 750 

DC GRID VOLTAGE 
(approx.)* - - - — 136 

ZERO SIGNAL DC 
PLATE CURRENT - 

MAX. SIGNAL DC 
PLATE CURRENT - 

ZERO SIGNAL DC 
SCREEN CURRENT 

MAX. SIGNAL DC 
SCREEN CURRENT 

EFFECTIVE LOAD 
PLATE TO PLATE - 9200 16,000 

PEAK AF GRID 
INPUT VOLTAGE 
(per tube) - - - 

DRIVING POWER - 
MAX. SIGNAL PLATE 
POWER OUTPUT - 1100 

to cy. e Oaf zeros 03I pute curent. 

160 

620 

o 

28 

136 
O 

116 
o 

1280 

600 

-116 

tubes, 

Volts 

Volts 

Volts 

133 Ma 

510 Amp 

o Ma 

je Ma 

Ohms 

Volts 
Watts 

Watts 

* Long Life 

-4( Low Drive 

* RF Amplifier 

* Audio Amplifier 

* 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-
Howatt 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 Pyrovoc 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: Frazer & Hansen, 301 Clay St., San Francisco, California 
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