
at the new 
audi o 4, 

Yes, you can actually see the differ-
ence. The way it tracks and winds 
absolutely flat, due to superior, 

straight-line slitting. Its smooth, non-
curling flexibility — and the way it 
rides snugly over the heads without 
humping away in the middle. And, 

That's the real test. Audiotape ac-
tually does "speak for itself." Hear 
its brilliant high-frequency response 
—freedom from annoying back-
ground noise and distortion. There's 
no friction squeal—no rasping hum 

compared under a microscope, you 
can see Audiotape's superior disper-
sion of the oxide particles—free from 
"clumping" which tends to increase 
background noise. You can tell a lot 

just by looking at Audiotape, but... 

o its matchless 
reproduction 

from low-frequency modulation 
noise. And a sensitive ear can appre-
ciate the remarkable uniformity of 
output volume, varying not more 

than rzi  1/4 db for an entire 2500 
foot reel. 

Original recordings for phonograph records of America's 

leading artists are made on Audiotape. There must be a reason! 

And see how Audio's 

IMPROVED PACKAGING 

simplifies handling and storage 

All 2500 and 5000 foot rolls of Audiotape are in-
dividually boxed in specially designed containers 
(Pat. Pending) that make handling and storage 
safer and easier than ever before. Tape can be trans-
ferred from container to turntable (and vice versa) 
without danger of slipping from the hub or becom-
ing unwound. Reel side flanges can be attached to 
hub without removing it from container. In storage, 
tape hangs from hub core — does not rest on edge 
of roll. 

END FOR FREE 

300 FOOT lAMPIL 

of plastic or paper bas. 

Audiotape today 

AUDIO DEVICES, INC. 
444 MADISON AVE., NEW YORK 22, N. Y. 

Export Dept.: ROCKE INTERNATIONAL, 13 East 40th St., New York 16, N. Y. 
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*Trade Mark 

Makers of 
auctioduses . 

. . . the standard of disc recording 
quality for more than a decade 

AUDIT 
CERTIFIED PUBLIC ACCOUNTANT 

SYKES, GIDDINGS & JOHNSON 

PITTSFIELD, MASSACHUSETTS 



THE ONLY BOOK 
OF ITS KIND! 

A COMPLETE 

AUTHORITATIVE 

UP-TO-DATE 

HANDBOOK ON 

MOBILE RADIO & 

POINT-TO-POINT 

COMMUNICATIONS 

COVERS ALL THE NEW SERVICES 

BASED on the new FCC Rules 
now in effect, the Mobile 

Radio Handbook covers this field 
from cost figures, system plan-
ning, and license applications, to 
installation, operation, mainte-
nance, and theory. 

Complete information is given 
for all common carrier, indus-
trial, public safety, and trans-
portation services. It is a big 
book, 83/4 by 111/2  ins., 184 
pages, profusely illustrated with 
photographs and diagrams cover-
ing the very latest developments 
in communications. Following is 
a list of chapters: 
PLANNING: How to plan a mobile or 
point-to-point system. This chapter 
covers the overall problems of power 
and topography, interference, city or-
dinances, public liability, operation, 
maintenance, expansion, and intercon-
nection. 

FREQUENCIES: Complete details of 
the new FCC Rules and Allocations 
rover all the different communications 
services. 

LICENSES: How to apply for a con-
struction permit, license, and renewal. 
All FCC forms, filled out in the correct 
manner, are shown. 

EQUIPMENT: Three chapters are de-
voted to the problems of selecting the 
right equipment for a particular sys-
tem; 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 in two chapters which explain 
the various special purpose radiators, 
and the correct method of erecting a 
standard guyed, steel tower. 

MAINTENANCE: How to keep a system 
at peak performance. Methods and 
record forms, perfected by years of 
experience are explained, and proper 
balance between essential and super-
fluous maintenance. 

OPERATORS: The FCC is becoming 
increasingly strict about rules relating 
to operators. Official information is 
given, with a detailed explanation by 
FCC Secretary T. J. Slowie. 

HOW FM WORKS: Advantages of FM 
over AM, coverage, interference, static 
elimination, and circuit functions are 
explained pictorially in 83 illustrations. 
The use of mathematics has thus been 
avoided in this clear, practical pres-
entation. 

While the Mobile Radio Hand-
book is a complete reference vol-
ume on the technical phases of 
radio communications, its ar-
rangement is planned to meet the 

needs of non-technical company 
executives and government of-
ficials, as well as communications 
engineers, system supervisors, 
maintenance experts, and opera-
tors. 

Milton B. Sleeper, whose ex-
perience in the mobile radio field 
goes back over a period of 16 
years, is the Editor of the Hand-
book. The Assistant Editors are 
Jeremiah Courtney, former FCC 
Assistant General Counsel, and 
Roy Allison, Associate Editor of 
FM-TV Magazine. 

Use the coupon below to order your 
copy of the Handbook TODAY. 

FM-TV MAGAZINE 
Box 600, Great Barrington, Mass. 

Please enter my order for a copy of the 
MOBILE RADIO HANDBOOK, for which my 
remittance is enclosed: 

$2.00 Paper Bound Volume 

$4.00 Cloth Bound Volume 

(Add 25c postage outside U. 5.) 

Name 

Street 

City State  
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IN PLAIN LANGUAGE 

... here's what the NEW 
RAYTHEON  

FM MOBILE RADIOPHONE  
will do for YOU... 

MODEL UM 30 
MOBILE RADIOPHONE 

NO INSTALLATION PROBLEMS. 

Control unit only 6" x 6" x 43ii" — 
can be mounted handy to driver in 
any type vehicle. Separate trans-
mitter - receiver unit installs re-
motely — under dash, overhead, 
under seat, in trunk, anywhere. Only 
one interconnecting cable. Speaker 
built into control unit eliminates 
separate installation. 
HONESTLY RATED. Nominal values 
of output power 20 to 30. watts over 
the entire frequency band 152 to 
174 mc. with ample margin to insure 
performance under adverse terrain 
or weather conditions. Normal op-
eration well within rated capacity 
means less frequent tube replace. 
nient, lower maintenance cost. 
NO INTERFERENCE. Guaranteed to 
meet all FCC requirements includ-
ing adjacent channel operation and 
modulation limiting. You are fully 
protected against all possibility of 
future embarrassment, expense for 
modification or even loss of license. 

RAYTHEON 

&tree.. in eisnitanint 

7"ZZ 

1•11e. 

If you want complete reliability and 

low cost radiophone communications with 
equipment that is easy to install, easy to 
operate and ideal for your type of 
vehicles and operations . . . your best bet 
is Raytheon Radiophone. Here's why: 

LOWEST COST. Watt for watt, you 
can't beat Raytheon Radiophone for 
economy of initial cost, operation 
and maintenance. Raytheon "Ex-
cellence in Electronics" insures 
maximum value and performance. 

FOR ALL MOBILE EQUIPMENT. 

Availdble for 6, 12, 24 or 32 volt 
DC operation — for fire apparatus, 
earthmoving equipment, boats, big 
trucks, cabs, cars — anything that 
moves. No power problems. no in-
stallation problems. 

EVERY DESIRABLE FEATURE. Plug 
in mike either side of control case. 
Auxiliary volume control provides 
extra volume for noisy road condi-
tions. "Stand by" position on 
master switch permits receiver op-
eration while saving 3 amps con-
tinuous battery drain. Furnished 
complete with all accessories. 
Available in single or dual channel 
models covering the entire 152-174 
mc. frequency range. 

RAYTHEON 
MANUFACTURING COMPANY 

WALTHAM, MASSACHUSETTS 

Sold Exclusively in Canada by Canadian Marconi Co., Marconi 
Bldg., St. Sacrament St., Montreal 

Export Sales and Service: Raytheon International, 50 Broadway, 
New York 4, N. Y. 

Model 
US 60- 1-LC 

Nominal Ratings: 
60 Watt 

152-162 mc.; 
50 watt 162-174 mc. 

If you want the finest in 

BASE STATION EQUIPMENT 
Model US 60- 1-LC Deluxe Console 
unit provides built-in speaker, 
clock, intercom facilities, all nec-
essary switches, plus complete 
metering and testing facilities for 
the entire system. Also provision for 
additional transmitter- receiver or 
monitor receiver. 20-30 watt base 
station systems also available 
(Model US 30). All above base 
station systems are available in rack 
cabinet or wall mountings. Prices 
on request. 

MAIL THIS COUPON TODAY! 

Dept. 6460FM 

Raytheon Manufacturing Co. 
Waltham 54, Massachusetts 

Please send complete information on Raytheon Mobile Radiophone: 

Model UM 30 Mobile Unit 
Model US 30 Base Station Equipment 
Model US 60 Base Station Equipment 

NAME   

ORGANIZATION  

ADDRESS  

CITY ZONE STATE  

Other Raytheon Products Include Mariners Pathfindir; radar; Fathometere; radis and television recent( ts; tubes; television equipment: microwave tommumcitions; electrostatic air cleaners; welders; 
voltage stabilizers; Recticharger* battery chargers; Rintifilter* battery eliminators; transformers; Mitrotheur diathermy: frattinnal by motors, and otter electronic erpripact 
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Professional Directory 

Consulting Radio Engineers 

EXECUTIVE OFFICES: 
970 National Press Bldg., 

Washington 4, D. C. ME 5411 

OFFICES AND LABORATORIES: 
1339 Wisconsin Ave., N.W. 

Washington 7, D. C. AD 2414 

Member AFCCE 

GARO W. RAY 

CONSULTING RADIO ENGINEERS 

Standard, FM and Television Services 

ILILLTOP DRIVE 

,TRATFORiD, CONN Tel. 7-2465 

ANDREW ALFORD 
Consulting Engineers 

ANTENNAS 8. RF CIRCUITS 

Laboratory and Plant: 

299 Atlantic Ave., Boston 10, Mass. 

Phone: HAncock 6-2339 

DALE POLLACK 
FREQUENCY MODULATION 

development and research 

transmitters, receivers 

communications systems 

Dayton Road Waterford, Conn. 

New London 2-0760 

GEORGE C DAVIS 

Consulting Radio 8, Television 

Engineers 

501-514 Munsey Bldg.—Sterling 0111 

Washington 4, D. C. 

AMY,ACEVES&KING,Inc. 
Specialists in the 

Design and Installation of 

HIGH-GAIN 
AM, FM, and TELEVISION 
ANTENNA SYSTEMS 

LOngacre 5-6622 

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

SPOT NEWS NOTES 
(Continued from page 6) 

system was abandoned by the company 
to which the patent applications was as-
signed. The problem that proved diffi-
cult of solution was to locate the entire 
speaker system in the cabinet, but no 
question was raised as to the efficacy of 
the system for custom installations. 
Licenses can be obtained, and if you are 
interested, we'll be glad to give you the 
name and address of the company. 

R. P. Clausen: 

Has succeeded M. A. Acheson as chief 
engineer of Sylvania's radio tube division. 
Mr. Clausen resigned from the U. S. 
Navy with the rank of Commander, to 
join Sylvania in 1946. Mr. Acheson has 
been transferred to the staff of E. Finley 
Carter, vice president in charge of en-
gineering at New York. 

More FM in Washington: 

According to the American Research 
Bureau, the number of FM-equipped re-
ceivers in Washington, D. C., on October 
1 was 114,000, an increase during the 
past year of 112%. This figure exceeds 
the 1949 BMB count of AM families in 
such cities as Atlanta, Columbus, Roches-
ter, New York, St. Paul, and Omaha. 

New RRN Affiliate: 

WHDL-FM, Olean, N. Y., has joined 
Rural Radio Network. Operated by the 
Olean Times-Herald, this 43-kw, station 
delivers 1,000 microvolts to 240,000 

population in 5,100 square miles, and 50 
microvolts to 2 million in 17,000 square 
miles. RRN programs will be carried. 
plus WQXR news and music. This is the 
13th station in the net. 

John N. Dyer: 

Named director of research and engineer-
ing at Airborne Instrument Laboratories, 
Mineola, N. Y. Before joining AIL in 
1945, he had been director of the Ameri-
can British Laboratory in England. 

Progress in Compatible TV: 

Starting December 5, RCA will demon-
strate its improved color TV receivers in 
Washington, D. C. The sets to be shown 
at this time will represent progress made 
since the last showing in March. 

Report on UHF Television: 

Engineering report on coverage from 
NBC's UHF station at Bridgeport, pre-
sented before the FCC by Raymond F. 
Guy, was summed up by him in this 
way: "Based on the facts and not any 
loose conclusions, it will be most unfor-
tunate if the television expansion has to 
go into the UHF band." Dumont, Philco. 

(Concluded on page 11) 

Professional Directory 

McNARY Cr WRATHALL 

CONSULTING RADIO ENGINEERS 

911, 

906 National Press Bldg. DI. 1205 

Washington, D. C. 

1407 Pacific Ave. Phone 5040 

Santa Cruz, California 

KEAR & KENNEDY 

Consulting Radio Engineers 

170$ Is: St., N.W. STerling 7932 

‘Vashington, D. C. 

GEORGE P. ADAIR 

Consulting Engineers 

Radio, Communications, Electronics 

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

EXecutire 1230 

RUSSELL P. MAY 

CONSULTING RADIO ENGINEERS 

* * * 

1422 F Street, N.W., Wash. 4, 0. 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 

conJubing 
Parlio engineers 

820 13th St., N.W. EX 8073 

WASHINGTON 5, D. C. 
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Professional Directory 

WELDON & CARR 

Consulting Radio Engineers 

WASHINGTON, D. C. 

1605 CONNECTICUT AVE. 

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

ciNTOSH— 

 & INGLIS  
Consulting Radio Engineers 

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

Pedearclt 

Manulacluring 

engineeri 
specialists in the Design & Development 

of Electronic. Test Instruments 

BOONTON, N. J. 

THE WORKSHOP 

ASSOCIATES 
INCORPORATED 

Specialists in 

High-Frequency 

Antennas 

135 Crescent Road 
Needham Heights 94, Mass. 

NEedham 3-0005 

SPOT NEWS NOTES 
:› (Continued from page 10) 

c • 
:m(1 CBS *Citineers are more optimistic. 
Our comment: It's going to be a very 
serious matter if TV can't expand into 
the UHF band! 

Annual AES Awards: 

Audio Engineering Society's annual John 
Potts Memorial Award was made to 
Howard A. Chinn, CBS chief audio-video 
engineer, while Chester A. Rackey. NBC 
manager of audio-video engineering, re 
ceived the AES award. 

UHF Research Facilities: 

William F. Hoisington has built elaborate 
facilities for UHF research and propaga-
tion observations at Red Hill, Claryville, 
N. Y. This 3,000-ft. elevation is 90 miles 
northwest from New York City. Use of 
space and supervision of equipment are 
available to manufacturers of equipment 
and antennas. 

Components Data: 

A 130-page catalog of radio and elec-
tronic components has been issued for 
the use of purchasing agents, schools. 
laboratories, and servicemen by Sun 
Radio, 122A Duane Street, New York 
City. Complete technical data is supple-
mented with dimension drawings. 

TV Frequency Allocations: 

The FCC has our sincere sympathy in its 
problems of undertaking the new VHF 
and UHF channel allocations for tele-
vision. It seems as if each applicant 
wants something special that involves 
changes in allocations to other stations, 
or in the proposed rules. By the way: 
The complete table of proposed VHF and 
UHF channels for each city, and for the 
cities assigned to each channel, together 
with a summary of the proposed Rules. 
were published in a 10-page section in 
FM-TV for August, 1949. Copies are 
still available. The data presented in 
that issue forms the basis of the FCC 
hearing now in progress on television 
rules and frequencies. 

Lawrence C. F. Horle, 1892-1950: 

The industry has lost another old-tinier 
with the passing of Larry Horle. We 
knew him first as an expert radio aide. 
at the time of World War 1. Later he 
was chief engineer for deForest Radio 
and Federal Telephone & Radio Corpora-
tion. He was president of IRE in 1940, 
and in 1948 was awarded the Institute's 
Medal of Honor for his work on stand-
ardizing radio terms and ratings. Larry 
was taken to St. Barnabas Hospital, in 
Newark, on October 26th, suffering from 
a sudden heart complaint, and died on 
the 28th. 

Special Services Directory 

%Cairn 
16-MM Professional Motion Picture 

Production Equipment 

J. A. MAURER, Inc. 
37.07 31st Street, Long Island City 1, N. Y. 

Tel. STillwell 4-4601 

Paul W. Klipsch 
Professional Engineer 
Acoustic development 
and c ping 

Klipsch and Associates 
building the authentic 

KUPSCHORN 
world's finest sound reproducer 

Hope, Arkansas Tel. Hope 995 

IIVrj RADIO-
ELECTRONICS 

Twice monthly, except July. 
Annual subscription $ 5.00 

FM COMPANY 
Great Barrington, Mass. 

OMMUNICATION 
SYSTEMS in the U. S. 

Includmg 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 

TAXICABS - RAILROADS 

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 ope:ated by each system. 

PRICE: $ 1.00 each, postpaid 

Published by 

FM COMPANY 
Great Barrington, Mass. 
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HAMMARLUND MODEL RSCTR-1 
RINGDOWN PANEL 

HAMMARLUND 
DUPLEX SIGNALING SYSTEMS 
FOR MICROWAVE CIRCUITS 

Ilammarlund Signaling stems pros ide nu inexpensixe means 
of establishing simple and efficient duplex telephone operation 
o‘er radio circuits. 

'laminarlund Duplex Signaling stems allou 
nel operation. 

for shared-chan-

Simplicit and ‘ ersatilit, of duplex signaling permit uide 
utilit in microuase applications: 

I ) The exclush e carrier-lock feature precludes 
actuation of point-to-point and relas circuits bs 
extraneous noise and skip signals. 

2) l'art icularls applicable to ring-do un signal-
ing functions as applied to channeli7ing opera-
tions. 

3) Elimination of both cost and an Ho, ance of 
blaring monitor amplifier units. 

I) Fail-safe fault-lone alarm indication. 

5) litiltiplexing of &ice channel to obtain addi-
tional telegraph or telet, pe channels. 

6) Pro% ision for teleinetering and super isor 
control circuits. 

Ilamnaatrhand engineers u ill assist in planning duplex signaling 
equipment for all 1;%pes of microua‘e channeli7ing applica-
tions. 

%%rite for literature ou Ilammarlund Select he tailing. Multi-
Gate* remote super ¡sors controls. and duplex signaling s-
tems. 

* Trade Nlark applied for 

HAMMARLUND MFG. COMPANY INC 
460 WEST THIRTY-FOURTH STREET, NEW YORK CITY, N. Y. 

• 
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WHAT'S NEW THIS MONTH 
OUR 10TH BIRTHDAY - NEW REGISTRY READY - COMMUNICATIONS SER-

VICE BUSINESS - 450 MC. FOR CHICAGO TAXIS   CBS-RTMA ON COLOR TV 

T°THIS issue marks our 10th birthday, I- and the start of our 1 Ith year of 
service to management and engineering 
in the radio industry. We are very proud 
indeed of the comments received from a 
great number of our readers. Some of 
the most gracious remarks have come 
from those with whom we have differed 
sharply. We have been amazed and de-
lighted to llave so many of the leading 
figures in broadcasting, manufacturing, 
and communications remind us that they 
first subscribed to this publication in 
1940. 
What pleased us most WaS the appre-

ciation expressed for our efforts to serve 
and advance the interests of our readers. 
These letters have made us wish that 
editorial space would permit us to pub-
lish at least excerpts from them. How-
ever, a magazine must speak for itself to 
each reader; even these few lines are 
taken from space that should be devoted 
to editorial information. 

So, to our many friends and readers 
whose loyalty has built the success of 
this Magazine, we offer our heartfelt 
thanks, and the sincere promise that we 
shall undertake to benefit by our experi-
ence and the helpful criticism of past 
errors to the end that, during our second 
decade, we shall serve our readers still 
more effectively. 

AS in the petst. November is the 
month for publishing the annual re-

vision of our Registry of Transportation 
Communications Systems. This listing 
includes all systems operated by taxicabs, 
trucks and buses. urban transit, rail-
roads. and automobile emergency serv-
ices. Each listing shows the company 
naine and address, operating frequency 
and call letters of each fixed transmitter. 
number of mobile units, and the name of 
the equipment manufacturer. These are 
the only registries of their kind, and 
they are used wherever communications 
systems are engineered or operated. It 
is one of the services provided by this 
Magazine, dating back to the early 40's. 
Next, coining up in January. will be the 
Registry of Common Carrier, LCC, and 
Industrial Systems. In May, we shall 
add a new Registry. That will list all 
air-ground operatiimal cinninunication 
systems. 
The most complete study of year-by-

year increase in the number of systems 
and mobile units, and their distribution 
in the USA is available in the November eattedHaitnigor."C";irst 

issue of otii. Market Bulletin. It has 
been prepared specifically for the use of 
sales and advertising executives. Copies 
are available on request, without charge. 

IT is interesting to note that communi-cations service companies are rapidly 
growing to the proportions of big busi-
ness. Reason is that, in so many areas, 
there is a large number of small systems. 
Within a radius of 50 miles there may be 
a dozen police installations, an even 
larger number operated by taxicabs, and 
a few more in other categories. The 
largest may not have more than 10 cars, 
but the total may exceed 200 which, at a 
service fee of $5 per car per month and 
*23 for each new car installation, adds 
up to a tidy income. This is augmented 
by the sale of such replacement items as 
tubes. vibrators, microphones, relays, an-
tennas, and capacitors. Some of these 
companies also handle complete trans-
mitters and receivers. 
Most important is that the servicemen 

are licensed operators, as required by the 
FCC of those who make frequency ad-
justments on transmitters.' This is em-
phasized because the Commission has 
been shutting down systems which are 
serviced by men who are not licensed 
operators. 
A recent check of our readers in the 

dealer-servicemen group disclosed that 
such a large number are working on com-
munication equipment that we are now 
preparing to carry a monthly department 
devoted to their particular interests. 

URPRISE development in taxicab 
communication is the plan of the 

Yellow Cab and Checker Cab companies 
to install 450-inc. systems in Chicago. 
Link Radio Corporation has developed 
the main-station and mobile equipment. 
Authorization has been asked for 16 fixed 
transmitters and 3,666 car installations. 
The former will llave an output of 100 
watts. and the latter 10 to 20 watts. 
There are 20 100-me. channels assigned 
to this service at 1,52 to 451 me.. in con-
trast to the 8 channels now used between 
152.27 and 157.71 me. 
There is no doubt but what the solu-

tion to the present crowding of taxi com-
munications lies in the use of 452 to 45 t 
Inc. It has been established that ade-
quate coverage can be obtained at those 
frequencies. Only the equipment has 

on this point. see 
edition page 96. 

been lacking. Now, the initial Link in-
stallations are being made to check per-
formance under operating conditions in 
Chicago. As soon as the tests are com-
pleted, the plan for the entire system will 
be finalized, and the units installed as 
fast as they can be delivered. Details of 
this very important development will be 
presented in an article by Frederick T. 
Budelman, chief engineer of Link Radio, 
to be published in a forthcoming issue of 
P31- T 

HEARTENING news for FM broad-
casters came to us in a letter from 

one of the receiver manufacturers build-
ing moderately-priced FM table models 
of very fine performance: 

"ht will be interesting for you to know 
that we doubled our production on this 
set starting in October, and it appears 
now that there is a market for. two of 
these sets for every one that we can 
build. We again plan to double our pro-
duction, starting in January, and we hope 
by this process we will be able to catch 
up on the demand for this unit." 

This will be a welcome addition to the 
steady increase in production of highly-
sensitive FM sets capable of effective 
noise limiting. As for catching up with 
demand, that is another story, for we 
are getting reports from many sections 
which indicate that every -good FM re-
ceiver that is sold creates two new pro-
spective purchasers, and two more lis-
tener-families. 

If Nil BA negotiations with Cuba and 
'lexico result in cutting AM channels 
down to 9,000 cycles from their present 
10.000-cycle width, the demand for sets 
that really do justice to FM broadcast-
ing will go skyrocketing. 

AS a publicity and promotion stunt, 
Columbia's entry into color tele-

vision will achieve an all-time high rating 
of success even though their system is 
never used to transmit a single commer-
vial program. The plan to make capital 
of the FCC's color decision at the ex-
pense of tlw radio manufacturers emerged 
in the network address by CBS president 
Frank Stanton, on October 15. 

Space does not permit publication of 
the Stanton text in full', luit the follow-
ing excerpts reveal the manner in which 

(Continued on page 40) 

'Copies of the full text can he obtained by writing 
Columbia Broadcasting System, 485 Madison Aye.. 
New York 22. 
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FM MODULATION MONITOR 
THIS UNIT, CONTINUOUSLY TUNABLE, CAN MEASURE DEVIATION DUE TO 
MODULATION AT ALL MOBILE RADIO FREQUENCIES -- By PAUL LEVESQUE"' 

FCC rules concerning mobile service: 
now in effect, require that transmitter 

deviation due to modulation shall not 
exceed 15 kc.; that means for limiting 
deviation to this amount be incorporated 
in all transmitters of 3 watts or more; and 
that peak deviation be checked on all 
transmitters at least every six months or 
whenever adjustments are made that 
might affect peak deviation. The Brown-
ing MD-25 modulation monitor, de-
scribed in these pages, not only proviie. 
a simple means to meet the last require-
ment but is so designed that other sys-
tems operating in the same vicinity can 
be monitored and checked also. 
This important advantage is gained 

through two simple design characteris-
tics: First, the accuracy of the instru-
ment, well within FCC limitations, is not 
dependent upon crystals. Thus. contin-
uous tuning was made possible, and the 
MD-25 ran be tuned to any frequency 
within 1 switched bands covering 30 to 
40 me., .10 to 30 ow., 72 to 76 me.. and 
159. to 162 nic. Second, the sensitivity 
is such that moglulation measurements 

*Engineering department. Itr.wiling Laborat"rie-. 
Inc., Winehe.ter, 

Fig. 1. Basic circuits of the monitor 

can be made on any FM signal generat-
ing 1 millivolt or more at the antenna 
terminals. These two factors permit 
quick measurements on any transmitter. 
fixed or mobile. in the vicinity. 

General Operational Description: 

Fig 1 is a simplified block diagram of the 
MD-525. It can be seen that the monitor 
is basically an exceptionally-stable com-
munications receiver, tunable over a 
wide range, to which have been added 
precise metering facilities. Fig. 2 shows 
t he front panel operating controls. 
The large knob just to the right of the 

-1 Fig. 2, left: View 
of the front-panel 
operating controls 
and 3-seale meter 

Figs. 3, above, and 
;, left. Rear-panel 
controls for meter 
and peak flasher 
adjustments. Tur-
ret band switch 
ran be seen at top 

tuning dial is the band switch. This is et 
turret-type control, which changes BF 
and oscillator coils, ',adders, and trim-
mers for each of the four bands covered. 
Details of the turret switch can be seen 
in Figs. 3 and 4. A separate scale is 
provided on the tuning dial for each 
frequency band. The coarse tuning con-
trol is at the bottom of the tuning dial. 

Directly above the band switch is the 
vernier control. The power ON-OFF switch 
and the peak flasher indicator can he 
seen below the band switch. Three 
knobs are below the meter at the right. 
They are, from left to right, a zero-set 
cg rol, the meter selector switch, and 
the audio gain control. 
The indicating meter has three scales. 

eorresponding to the three positions of 
the selector switch. These are COARSE 
TUNING, FINE TUNING, and PEAK SWING. 
With the meter selector switch in the 

COARSE TUNING position, Fig. 1. the meter 
is connected in the first limiter grid cir-
cuit as a VTVM. The coarse tuning 
control is adjusted to obtain a dip in the 
meter reading, which indicates the pres-
ence of a carrier. A monitor audio ampli-
fier stage, suitable for use with earphones 
or to drive an external power amplifier. 
is provided so that the desired carrier 
can be identified. 

In the FINE TUNING position of the se-
lector switch, the discriminator output is 

DC-coupled to the meter. In this. the 
most sensitive position, the meter indi-
cates zero at center-scale. The monitor 
is tuned for zero DC discriminator out-
put, which occurs at the exact center-
frequency of the FM carrier. Finally. 
the selector switch can be put in the 
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PEAK SWIM: position for a direct indica-
tion of deviation. 

ht this position, the AC output from 
the discriminator is amplified, rectified, 
and applied to the meter. Modulation 
swing is read directly on the meter scale 
as kilocycles deviation. Full-scale deflec-
tion corresponds to a t:•)0-kc. swing. Ac-
curacy is maintained to within 1 kg., or 
5% of full-scale reading. 
With voice modulation, the meter 

reading is inaccurate for peaks of short 
duration. For this reason a peak flasher 
light has been provided. Instantaneous 
modulation peaks exceeding 15 kc. trigger 
a one-shot multivibrator, which lights a 
neon glow tube for the peak duration. 

Carrier-shift due to unsymmetrical 
modulation can be detected easily with 
this monitor. The modulated carrier is 
tuned in exactly as before, with a zero 
meter-reading in the FINE TUNING posi-
tion. Then, the modulat ion is removed. 

plyed for the R F' stage. On the two 
lower bands, the plate load is a tuned 
circuit which is capacitively coupled to 
one grid of the mixer. On the higher 
bands, however, a non-tunable, broadly-
resonant plate circuit is used. 
The oscillator is a miniature triode in 

an ultraudion circuit. Proper feed-back 
phasing from plate to cathode is accom-
plished by C2 and Li, since the react-
ance of Li is many times that of C. 
The grid is at RF ground potential, bias 
being supplied by a grid-leak circuit. 
An unusual feature of the mixer circuit 

is that the oscillator is coupled to both 
mixer grids by stray capacity. Excellent 
mixing is obtained in this manner over 
the wide frequency range which must be 
accommodated. 

IF and Limiter Stages: 

Two high-gain IF stages are employed, 
operating at 10.7 mc. They are followed 

linear out to 80 kc. each side of center 
frequency. Thus, if the carrier being 
measured should drift off the discrimina-
tor center-frequency after tuning, accu-
rate deviation measurements can still be 
made. 
The audio stage is a conventional triode 

voltage amplifier. A .1-mfd. capacitor 
couples the AF output to the audio ter-
minals on the rear of the chassis. RI, 
the volume control, is located on the 
front panel under the lower right corner 
of the meter, Fig. 2. Maximum output is 
12 volts across 5,000 ohms. This is suf-
ficient for headphones or to drive an 
audio power amplifier. 

Indicating Circuits: 

A single meter is used to provide three 
distinct types of indication. In the 
COARSE TUNING position of meter selector 
switch Si, the meter is connected as a 
DC VTVM across the grid circuit of the 
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Fig. 5. Complete schematic of the MD-f5 monitor. A turret band switch provides coverage of all mobile-service frequencies 

Any carrier-shift caused by unsymmetri-
cal modulation will show as a change in 
the meter reading. 

Circuit Details: 

The complete circuit diagram of the mod-
ulation monitor is given in Fig. 5. As 
can be seen, 17 tube functions are ob-
tained with only 13 envelopes through 
the use of double-section types. 
The RF stage, mixer, oscillator, and 

tuning assembly are constructed on a sin-
gle sub-chassis, Figs. 3 and 4. A turret-
type band switch is used to change RF 
and oscillator coils as indicated. Tuning 
within each band is accomplished by CIA 
and dB. 
A standard pentode amplifier is em-

by a two-stage cascade limiter. Decou-
piing networks are used in both IF 
stages as extra precaution against in-
stability. 

Limiter stages are both of the 
grounded-cathode, grid-leak bias type. 
Reduced anode voltage is applied to the 
second stage for more effective limiting 
action. Because of the .675-microsecond 
time constant in the grid circuit of the 
second stage, extremely fast impulses, 
such as ignition noises, are virtually elim-
inated. 

Discriminator and AF Stage: 

A standard Foster-Seeley discriminator 
circuit is used. Circuit constants were 
selected to provide a response curve 

first limiter. When a carrier is tuned in. 
the limiter grid draws current and be-
comes negative. Since a cathode follower 
drives the meter, the indication is that of 
a dip in the meter reading. However, 
the meter is a center-zero microammeter. 
Therefore, in this switch position a buck-
ing voltage must be applied to cause the 
meter to read full scale with zero input. 
This voltage is supplied by a bleeder net-
work. Re is the coarse tuning zero-
adjustment, and is located at the rear of 
the chassis, Fig. 3. 

In the FINE TUNING position of Si, the 
meter circuit is that of a DC voltmeter 
of 10,000 ohms-per-volt, with center-
scale zero. It is connected to the dis-

(Concluded on page 38) 
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MULTIPLEX DESIGN 
NEW TECHNIQUES EMPLOYED IN THE DESIGN OF 

MICROWAVE EQUIPMENT— By FRANK B. GUNTER* 

M ICROWAVE equipment design 
practices have changed rapidly in 

recent years to keep in step with de-
mands for better, more dependable per-
formance at lower cost. It is the purpose 
of this paper to show some of the tech-
niques being employed in the design of 
new microwave point-to-point equipment. 
To facilitate this presentation, the West-
inghouse type FB transmitter-receiver, 
operating in the 960-nic, band, will be 
analyzed. 

Frequency Stability: 

As frequencies are increased. a point is 

Fig. 2. FB reeeirer and transmitter panels 
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readied where crystals cannot be made 
to operate at transmitter output frequen-
cies. Therefore, multiplier stages must be 
utilized. These have disadvantages in 
that they multiply the error in center 
frequency, anti also generate many un-
desired frequencies which can intt•rfere 
with other services. 

Similarly, as frequencies are increased 
with ordinary LC circuits. the circuit de-
ments become so small that the changes 
due to thermal expansion alone are often 
sufficient to cause excessive drift in car-
rier frequencies. It is necessary to make 
those elements of materials having high 
dimensional stability or, alternatively, to 
provide dalx)rette circuits to compensate 
for the undesired variations. 
When the transmitter carrier frequency 

and the receiver local oscillator frequency 
vary, two ill effects result. First, fewer 
channels can be placed in a given band-
width. Second. the acceptance band of 
the receiver must be greater, thus in-
creasing receiver tit4se. 
Even with relatively good frequency 

control, the amount of spectrum wasted 
at higher frequencies because of varia-
tions in transmitter center frequency be-
comes very large with respect to that 
required for intelligenee transmission. 
Further, the with. receiver hanth\ ith Its 
necessary to makt• allowance for these 
variations cause c\cessive noise accept-
ance. The inefficient utilization of spec-
trum with single-channel AM is one of 
the reasoits why single-channel micro-
wave et uipmeilt s are seldom used. When 
several communicationseircuits are multi-
plexed. antl this eomposite signal is em-
phiyed to intalulate one mierowave car-
rier. much better use is made of the 
speetrum. 

Iii the design of the FB equipment. 
crystal einitrol was used for lxith trans-
mitter and receiver. The recei%•er crystal 
operates at aliout 28 mc., and the trans-
mitter crystal at about 6 me. The varia-
tions in transmitter output and receiver 
!oval oscillator frequencies, for a 50° va-
riation in ambient temperature, are each 
phis or minus 13 ke. This requires a 
total increase in receiver bandwidth of 
4- 30 ke.. or .003(:, of center frequency. 

Modulation Methods: 

In contemporary microwave systems. 
phase or frequency modulation is ordin-
arily used when the number of signal 

Engineer, Wc:t in Electric Corporation, 
Baltimore, 

channels is less than 10. This is true no 
matter what the bandwdith of the sig-
nals. When the number of channels is 
greater than 10, pulse systems are gen-
erally used. 
When selecting the type of modulation 

to be used in the FB equipment, it was 
decided that a maximum of 7 voice-fre-
quency channels would meet most of the 
industrial applications for which the 

Fig. I. The transmitter employs phase-to-
frequency modulation, at 960-me. output 

equipment was intended. Crystal control 
was desirable for the reasons outlined 
previously. An analysis of methods for 
obtaining suitable modulation with crys-
tal control led to the conclusion that 
phase-modulating a low-frequency crys-
tal. and multiplying its deviation to ob-
tain the desired deviation in the trans-
mitter output, would be the simplest and 
most fool-proof system. 
To minimize cross-talk and inter-

modulation, it is necessary that the dis-
tortion introduced by modulation he held 
to a low level. Usually, variable reactance 
circuits are employed in phase modula-
tors. Very at-curate tuning of the re-
actance circuit is required to obtain low 
disiorti(m with such circuits. The phase 
modulator used in the FB equipment is a 
N•aria 1(•- co till tirta ee type, which is not 
difficult to adjust for distortion of less 
than . This type of modulator shifts 
the phase of the eurrent in a plate tank 
circuit ‘‘ hich is common to the modula-
tor and a buffer amplifier driven by the 
crystal oscillator. The transmitter block 
diagram is given in Fig. 1. Fig. 9, shows 
the FB transmitter and receiver chassis. 
l'ttwer sit dies are shown in Fig. 3. 

Multiplier Stages: 

'no keep distortion at a minimum, phase 
cleviation in the modulator must be kept 
small. This requires several subsequent 
multiplier stages for a reasonable output 
deviation ratio. In type FB equipment. 
the transmitter crystal frequency of 6 
inc, was determined by the low-distor-
tion requirement and the necessary de-
viation ratio. Tests showed that 1) a 
frequency deviation of about 9.00 cycles 
is the maximum permissible for the al-
lowable distortion limit, and 5.).) an out-
put deviation of approximately 35 ke. is 
required for the desired signal-to-noise 
ratio. These two factors fix the required 
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Fig. .5. Final transmitter stages are grounded-grid tripler and doubler circuits 

frequency multiplication at about 160 
t unes. 
However. as was shown, multiplieat ii il I 

increases the probability of spurious ra-
diation and increases the error in crystal 
frequency. Consequently, push-pull type 
tripler stages, shown in Fig. 4, were used 
in the transmitter wherever possible. This 
practice provides multiple advantages. 
Frst, even-order harmonics are cancelled 
out. Second. the operating frequencies 
of successive stages are separated widely. 
Thus, circuit constants can be selected 
to obviate the possibility of tuning to the 
wrong harmonic. Third, the use of push-
pull circuits with a small amount of posi-
tive feedback permits high-efficiency op-
eration with tubes of low rating. 

Transmitter Output: 

Three tripler stages and a buffer ampli-
fier of conventional design increase the 
crystal frequency to approximately 160 
me., as shown in Fig. 1. At frequencies 
higher than this, conventional circuits 
aro inefficient and are not generally used. 
The two final multiplier stages of the 
transmitter employ re-entrant coaxial cir-
cuits as tuned elements. Tubes having 
%,ery close electrode spacings and low 
interelectrode capacity are utilized, with 
mechanical configurations which permit 

Fig. 'I. Push-pull tripler stage circuit 

ronvenient application to coaxial tank 
circuits. The first of these tubes is a 
tripler stage with an output frequency 
of 480 me. The 'second is a doubler stage 
with an output in the 91.0- to 960-me. 
band. 
The mechanical construction of the 

last two transmitter stages is illustrated 
in Fig. 5. The cathode circuit of VI, 
the tripler-driver stage. is fed from an 
outside extension. A coupling orifice con-
nects the output of VI to the cathode cir-
cuit of the doubler output stage. V?.. 
About 5 watts of HF is coupled to the 
ait teinta by loop Li inserted in the out 

cavity of V. Positive feed back is 
employed in both stages. 

Propagation Characteristics: 

Path losses at microwave frequencies are 
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very high. It is possible, however, to 
achieve economical transmission over 
fairly long distances because of two fac-
tors. First, because of the short wave-
length; involved, relatively small anten-
nas with high power-gain can be built. 
The gain of an antenna is directly pro-
portional to its area and inversely pro-
portional to the square of the operating 
wavelength. Formulas showing the rela-
tion between free-space path loss and an-
tenna gain are given in other papers. 1. 2," 
It can be shown that increasing the an-
tenna size decreases the apparent path 
loss between communications terminals. 

See(lul. at microwave frequencies there 
is pra,tically no man-made or natural 
static. The limiting noise is usually gen-
erated by the receiver it This pro-
vides sliti,factory signal-to-noi.e ratios at 
signal levels much lower than is practical 
at lower frequencies. 

"'Propagation of Very Short \V2 ves,'' by 
I). It. Kerr. Dectrouics. jainta. 194S. pages 
124-129. February, 194S. pages 118-123. 

2"Plamning Relay Installations." by Roy 
.lIi son, FM. Ti', _Time, 1950. 

."Field Testing a Microwave Channel for Voicv 
Communication, Relaying, Telemetering, and Sup-
ervisory Control," by I). R. Pattison, M. E. 
Reagan, S. C. Leyland. and F. II. Gunter. A 
technical paper prepared for presentation at the 
summer general meeting of the MEE, Pasadena. 
Californ.a, 1950. 
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Receiver Noise: 

Most receiver noise is generated in the 
first high-gain stage. It is important, 
therefore, to give serious thought to the 
design of this stage. Amplifiers operat-
ing at microwave signal frequencies 
usually have poor noise characteristics. 
Thus, it is advantageous to decrease the 
frequency by means of a low-noise con-
verter which can be followed by ampli-
fiers having better noise characteristics. 
A synthetic crystal diode is generally 
used as a mixer for this purpose. 

Fig. 6 is a block diagram of the FB 
microwave receiver. A 1N25 crystal, 
which has a low noise figure and good 
overload characteristics, is used as the 
mixer. The crystal is fed a signal from 
the receiver antenna and from a crystal-
controlled local oscillator multiplier 
chain. This local oscillator signal, about 
67 mc. higher in frequency than the in-
coming signal. is mixed with the signal in 
the crystal detector. A tuned amplifier, 
indicated as the HIF amplifier in Fig. 6, 
passes the difference frequency only. The 
first two stages of the HIF amplifier are 
connected in a circuit which has the low-
noise characteristic of a triode and the 
high-gain characteristic of a pentode 
tube.' These two stages act in combina-
tion as the first high-gain stage of the 
receiver. The low noise figure thus ob-
tained gives the entire receiver a low 
in mist., output. 

Spurious Responses: 

Since a mixer with a relatively wide fre-
quency-response characteristic is used in 
most microwave receiver input circuits, 
there is some danger of undesired signals 
being accepted. Interference may be 

4"A low Noise Amplifier," by Henry Waltman, 
Alan B. MacNee, and C. P. Godsdon. Proceedings 
ut I. R. E. January, 1948 
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producecl, or the input circuits may be 
saturated so that the desired signal can-
not be received. 
A tunable eavity-type preselector pre-

cedes the mixer crystal in FB equipment. 
This preselector, together with the last 
stage of the local oscillator multiplier 
chain and the crystal mixer, are shown 
schematically in Fig. 7. The upper part 
of Fig. 7 represents the preselector, and 
the lower part of the multiplier stage. 
The incoming and local oscillator signal, 
are fed by Li to the crystal mixer. To 
give increased protection against un-
desired-signal acceptance, an additional 
low-pass filter comprising C5. L6, and C4 
is included in the circuit to the mixer. 

Receiver Gain: 

As pointed out previously, low noise at 
microwave frequencies make it possible 
to operate with satisfactory signal-to-
noise ratios at very low signal levels. In 
order to realize maximum range capabil-
ities, these low input signals must be am-
plified considerably. Thus, the IF ampli-
fiers employed must have very high gain. 
In amplifiers for microwave systems 
using wide-hand modulation. it is not 
possible to realize a large gain-per-stage 
for two reasons. First, the gain-per-stage 
must be kept. low enough to prevent os-
cillations caused by feed-back through 
tube inter-electrode capacity. Second, 
for a given tube-type and circuit, the 
product of gain anti bandwidth is a con-
stant. For a 6A.K5 tube, this gain-band-
width product is approximately 62. Thus 
with a hand m idth of 6 mc., a gain per 
stage of only 10 can be realized. 

In time FB receiver, a gain of 90 db, in 
the 11 1F amplifier and 70 db in the LIF 
amplifier have been obtained. The 67-
me. IF' amplifier has a bandwidth of 
1.2 me., and the 10.7-inc. IF amplifier 
has a bandwidth of 0.3 nic. 
When designing such high-gain ampli-

fiers, extreme caution must be observed 
to provide safeguards against oscillation. 
Lead lengths must be kept to an absolute 
mininium. The reason for this is appar-
ent when it is considered that a 1-in. 
length of No. 20 wire Was a reactance of 
8 ohms at 60 inc. Each IF amplifier 
stage in the FB receiver is on a separate 
sub-chassis, whose dimensions are such as 
to keep lead lengths to a minimum. This 
can be seen in Fig. 2. Each chassis acts 
as a section of wave-guide operating be-
low cutoff frequency, in order to atten-
ilate feedback radiated from one circuit 
t o another. 

Input Level Variations: 

There are relatively wide variations in 
microwave receiver input levels, caused 
primarily by differences in path length, 
multi-path transmission, and fading. In 
practically all systems, some device is 

Fig. 7. Tiu? cavity preselector and mixer 

used to keep the input to the detector es-
sentially constant. These amplitude va-
riations can be eliminated completely in 
an FM receiver, without any loss of in-
telligence, by a limiter of one or two 
stages. 
A two-stage limiter is used in the FB 

receiver. The first stage utilizes 1N34 
crystals. The second is of the grid-bias 
type, having a very short time constant. 
This enables it to remove the high-fre-
quency amplitude modulation caused by 
adjacent-channel signals. 

Detectors: 

The detector employed in a microwave 
system depends, of course, on the type 
of modulation used. Generally speaking. 
the much greater signal bandwidth en-
countered, and the necessity for elim-
inating harmonic products and inter-
modulation of the multiplicity of signals 
which may be transmitted over a single 
channel, demand very great care in the 
design of detectors. System distortion 
in the order of 4 or 5%, ordinarily ac-
ceptable with low-frequency equipment. 
would cause prohibitive intermodulation 
and cross-talk on many microwave equip-
ments. 

Pulse-time, pulse-width and pulse-code 
modulation methods are completely dif-
ferent in philosophy to systems nor-
mally used in low-frequency equipment. 
and require radically different types of 
detectors. 

ln the FB receiver, however, the in-
coming signal is of the frequency modu-
lation type. The frequency detector is 
linear mit to ± 400 kc. over wide tem-
perature variations. The distortion in 
a complete system consisting of an FB 
transmitter and an FB receiver is less 
than 1%. 

18 FM-TV, the JOURNA r. of RADIO COM MIT AT1ON 



STANDING WAVE RATIO BRIDGE 
HOW THE USEFUL RANGE OF 2-WAY FM SYSTEMS CAN BE EXTENDED BY 

PROPER IMPEDANCE-MATCHING — By R. W . CAYWOOD AND R. A. BRADBURY"-

OPTIMUM performance in a .2-way 
FM communications system can be 

realized only when transmitter, receiver, 
transmission line, and antenna are 
matched in impedance. Perfect matches 
are almost impossible to obtain in prac-
tice, primarily because antenna imped-
ance varies with height above ground and 
proximity to surrounding objects. How-
ever, system performance is affected so 
adversely by high standing wave ratios in 
transmission lines that every effort should 
be made to avoid them. In order to facil-
itate transmitter and antenna impedance-
matching adjustments in the field, a 
portable and simple-to-operate instru-
ment is required for SWR measurement. 
The Millen standing wave ratio bridge, 
illustrated in Fig. 1, was developed to fill 
this need. Its operation and use will be 
explained in this article. 

Line Attenuation: 

Attenuation in an RF transmission line is 
at a minimum when the line is termi-
nated by an impedance equal to its char-
acteristic impedance. When the termi-
nating impedance is higher or lom er than 
the correct value, energy normally deliv-
ered to the load is reflected back down 
the line. This results in standing waves, 
or the formation of alternate high- and 

>Engineering Department, Janie.; Millen NI anufac• 
luring Company, Inc., Malden, Mas,. 

low-current points along the line. High-
and low-voltage points, displaced by 14 
wavelength from the current maxima and 
minima, are formed also. The ratio of 
maximum to minimum voltage or current 
is called the standing wave ratio. Its 
magnitude is directly proportional to the 
degree of mismatch. 

Line dielectric losses are proportional 
to the square of the impressed voltage, 
and resistive losses to the square of the 
current. It can be seen that both losses 
are increased by larger standing wave 
ratios. Thus, attenuation increases rapidly 
with the degree of mismatch. The mag-
nitude of this effect is shown by the fol-
lowing example: 
Suppose t hat the normal attenuation of 

a matched t ransmission line is 3 db. With 
a SWIt of which represents a good 
practical match, the additional attenua-
tion would be . t db. With a SWR of 5, 
however, the additional attenuation 
would he 2 (il). This is not an uncom-
mon situation. Assuming the same condi-
tions at transmitter and receiver, reducing 
the SWR from 5 to 2 would effectively 
double the transmitter power. The im-
portance of achieving the best possible 
match is apparent. 

SWR Bridge Circuit: 

The impedance at the open end of a 
transmission line depends on the termina-

Fig. 1. Because meter is external, all SWR bridge parts are contained in this small box 

t ing impedance. This s deter-
mination of SWR by measurement of the 

RF impedance of the line and attached 
load. A modified Wheatstone bridge cir-
cuit, Fig. 2, is used for this purpose. 
RF power from the transmitter or a 

signal generator is applied to the input 
jack. The input resistor, R1, is provided 

Fig. 2. Complete circuit of the bridge 

to improve the regulation of the RF 
source. This maintains the accuracy of 
the bridge at high standing wave ratios, 
and makes it unnecessary to readjust the 
input power for changes in load. 
The ratio arms on one side of the 

bridge are identical. R2 and R3 are 
matched to within .1%, as are C2 and 
C3. These capacitors are required to pro-
vide an RF path around the milliam-
meter. 

The other side of the bridge is com-
posed of R4 and J2. The transmission 
line with its termination, usually an an-
tenna or a receiver, is attached at J2. R4 
is exactly equal to the characteristic im-
pedance of the line. When the line is ter-
minated correctly, the impedance at J2 
is also equal to the characteristic imped-
ance. Thus, the bridge is balanced and 
no DC current flows, indicating a SWR 
of 1. 
When the line is not terminated cor-

rectly, however, the impedance at J2 is 
not equal to R4. Therefore, the poten-
tial at B is not equal to that at A, Fig. 2, 
and rectification of the RF difference oc-
curs, causing DC current flow through 
the meter. Current flow is proportional 
to the degree of mismatch, and, accord-
ingly, to the SWR. 
Meter readings can be calibrated in 

terms of the impedance, reflection coeffi-
cient, or SWR. A calibration chart for 
SWR is given in Fig. 3. 
Binding posts for connection of the 

meter are shown in Fig. 1. The use of 
(Continued on page 49) 
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M
OST-% isited mobile radio dispatch-
ing quarters in the United States 

are probably those of Radio Flash Com-
pany in Chicago. which lives up to its 
slogan: "A cab for you in a moment or 

two." 
So popular have these headquarters be-

come for visiting taxicab company offi-
cials that the fame of the organizer. 
Arthur Dickholtz. has spread far and 
wide. In fact, he was recently invited to 
supervise the setting up of a mobile radio 
dispatching system in England. 

Contributing to the flow of visitors is 
the fact that tlw conventions of the 
largest taxi association, the American 
Taxicab Association, are held in Chicago 
every year. Each convention brings a 
new stream of taxi officials to the dis-
patching headquarters of Radio Flash for 
tlw purpose of observing the methods 
which have permitted this organization 
to handle as many or more calls each day 
than any cah company in th'• country. 
Accompanied by Colion•I White, new 
head of l"(( mobile activities, your re-
porter visited this installation during the 
October ATA convention. 

High-Speed Dispatching: 

On a normal day, Radio Flash completes 
about 3,000 calls for cabs, each one of 
which involves several separate transmis-
sions. On a busy or rainy day, the aver-
age number of calls completed runs be-

tween 4,000 and 5,000. 
To handle this staggering number of 

completed dispatches with a fleet of ap-
proximately •no radio-equipped cabs is 
no easy matter. as any taxi dispatcher 
will agree. The task has required no less 
than eight revisions of the dispatching 
procedures employed by Radio Flash. Al-
though Dickholtz would be the last to 
suggest that the present routine of call 
handling represents the final revision, the 
system is universally regarded now as the 
best that can be employed in a large city 
where more than 150 mobile radio-
equipped units are used. 
The principal problem that confronted 

Dickholtz in setting up procedures to 
handle calls to such a large number of 

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

mobile units was that of limiting the 
driver's response when a call is sent out 
by the base station dispatcher. Other-
wise. an unintelligible flood of responses 
would descend on the dispatcher. This 
fundamental problem was licked by the 
company's institution of what is now re-
ferred to as the " post" system. Dick-
hob t divided the city originally into 80. 
later 40, areas. Each area has a cen-
trally-located post position. These loca-
tions within the post areas were carefully 
designated by street intersections and 
location description. 
For example, Post 1 is the northwest 

corner of the intersection of Smith and 
Elm Streets. When a call is received from 
a customer in that area, the telephone 
operator taking the call records the cus-

tomer's name and address on the message 
slip and, in the upper left hand corner 
of the message blank. indicates that the 
address is within the Post I area. The 

›taticm dispatcher then calls out 
over the air only two words: "Post 1." 
N(I driver in that area may answer that 
call unless lie is standing at the desig-
nated street intersection for the Post 1 
station. If there is more than one cab 
at the post, the first ('al) on line is the 
only one that may answer the call. He 
answers only: " Post 1, 133." to indicate 
the number of his tab. The customer's 
address is then given cab 133, without 
reiwat or acknowledgment. and the num-
ber of the cab is put on the message slip 
in case of call-backs. The message slip 
is then tinw-stamped. This system pre-
vents flooding the base station by anx-
ious drivers all seeking to get a call in 
their general area. and limits the number 
of words per transmission to the absolute 
minimum. 

Extension of Response Area: 

If there is not an immediate response to 
the base station's Post 1 call, the dis-
›alcher knows there is no cab at the post 
hication. The dispatcher then calls: 
"Post 1 open." This signifies that any 
cab within twelve blocks of the specified 
post may answer the call. If more than 
one cab answers the "Post 1 open" call, 
then tile dispatcher establishes the loca-
tion of each driver, and gives the assign-

ment to that cab nearest the customer. 
IF both the "Post 1" and "Post 1 open" 

calls go unanswered, the final call is 
"Post 1 within 10." This means that 
any cab which can make the Post 1 area 
within ten minutes may have the call. 
Again, if more than one cab answers the 
"Post 1 within 10" call, the dispatcher 
establishes the nearest cab to the cus-
tomer and gives that cab the call. 
The system is strictly policed by the 

(-1'1111mity. and any driver who takes a 
call to which he is not entitle(l, or which 
he cannot fill in ten minutes, is appro-
priately disciplined. The most severe 
punishment, of course, is to deny the 
driver the use of radio for a specified 
number of days, because there is a sub-
stantial difference in the booking of the 
radio-equipped and non-radio cabs. This 
is especially true in Chicago, where the 
average cab trip is 20 minutes and the 
average cal) fare about $9..00. 

Dispatching Personnel: 

The Radio Flash organization has three 
or four girls answering incoming tele-
phone calls, depending on the period of 
the day. These girls are separated from 
the radio dispatchers by a glass parti-
tion. Tite incoming calls are passed 
through the partition to another girl who 
divides them into north- and south-side 
calls. The north-side calls are handed to 
radio dispatcher A who transmits over the 
north-side base station transmitter. The 
south-side calls are handled by radio dis-
patcher 15, who transmits over the south-
side transmitter. Although both trans-
mitters are not employed simultaneously, 
not a second is lost between calls. The 
moment the A dispatcher completes a 
message. the IS dispatcher begins his 
transmission. In the slow periods, only 
(liii rai ho dispatcher and the north-side 
transmitter is used. 
Perhaps the most remarkable tribute 

to the company's radio use is the fact 
that they have not takt‘n business away 
from the older companies. By giving 
good and del)endable call service they 
have increased the total demand for taxi 
service in Clià-ago. 

Proposed Marine Rules: 

The FCC at long last has issued its pro-
posed rules to govern the marine radio 
services, new and old. They occupy 188 
single-spaced pages and defy succinct 
summarization. They were published in 
the Federal Register of September '22, 
1950, which may be obtained from the 
Government Printing Office for twenty 
cents. Interested parties have until 
November 15 to comment on the pro-
posed Rules. 

Since marine radio is one of the most 
widely used radio services in existence, 

(Concluded on page 44) 
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MULTIPLEX RINGDOWN PANEL 
DESCRIBING A DUPLEX SIGNALING SYSTEM FOR TRANSMITTING AND DE-

TECTING SIGNALS ON 2-WAY MULTIPLEX CHANNELS — By J. K. KULANSKY* 

TN a simple telephone circuit running 
between two points, a system of ring-

ing must be provided so that, if a party 
at one end wants to talk to someone at 
the other end, he can signal over the line 
by causing a bell to ring, or some other 
signaling device to be actuated. This 
particular function is known in telephone 
parlance as ringdown signaling. 

Some equivalent arrangement is re-
quired for multiplex microwave commu-
nication systems which provide up to 32 
individual 2-way channels, each capable 
of handling voice or operational signals 
of 300 to 3,500 cycles. To provide such 

Fig. 1. How the ringdown panel can be used for multiplex channel signaling 

calling facilities, Hammarlund Manufac-
turing Company has developed a simple 
and inexpensive ringdown panel for uni-
versal application to both simplex and 
multiplex radio systems. 

Purpose of the Ringdown Panel: 

Basically, it is a terminating panel for 
one transmitting circuit and the associa-
ted receiving circuit. The use of the 
ringdown panels in a typical system is 
illustrated in Fig. I. This shows the 
multiplex microwave transmitters and 
receivers at the two terminals. There 
might be, of course, intermediate repeat-
ers if the distance to be covered is great 
enough to require their use. 

If a particular circuit is for direct com-
munication from a dispatcher's desk at 
one end to a maintenance operator at 
the other end, each would have a ring-
down panel for incoming and outgoing 
signaling. Another circuit might be ter-
minated at a telephone switchboard, so 
as to provide connections to any exten-
sion. Thus, each panel has circuits for 
generating 3000-cycle calling signals, 
and for responding to signals of that fre-
quency. It also has terminals for a call-

Mobile Systems Engineer, Hammarlund Manu 
facturing Company, Inc., 460 W. 34th Street, 
New York City. 

ing switch to control the audio frequency 
generator, and for a bell or signal light 
actuated by signals initiated at the other 
end of the circuit. An important func-

tion of the ringdown panel is to eliminate 
the necessity for the use and expense of 
a monitoring loudspeaker and associated 
amplifier for each circuit. 

Details of the Panel: 

Fig. 2 shows a block diagram of the 
Hammarlund model RSCTR-1 ringdown 
panel. It is divided into three sections, 
comprising the transmitter unit, receiver 
unit, and power supply operating from 

l05 to 125 volts, 50 to 60 cycles. The 
components are carried on a standard 
rack panel, 19 by 31/, ins., illustrated in 
Figs. 3 and 4. 

The transmitter unit consists of a 3-kc. 
tone generator V2. dash generator V8, 
buffer amplifier VI, and line-bridging 
transformer Ti. Terminals 1 and 2 are 
provided for connections from a switch, 
S2, or keying device. The use of the 
dash generator is optional as it is em-
ployed only where automatic transmis-

sion of intermittent signals of 1 second 
duration is required.' 

There are also terminals for switch 
SI, required to close the circuit for the 
keying relay K2 which, in turn, is con-
nected across terminals 1 and 2. This 
is the timing arrangement for transmit-
ting the 1-second signals. 
The audio output, terminals 3 and 4, 

can be adjusted from zero to .7 volts 
RMS when bridged across a 600-ohm 
line. 
Terminal 5 and 6 are for the input to 

the receiving section. T2 is a bridging 
transformer for a 600-ohm line. This feeds 
the selective line amplifier V3, having an 
input sensitivity of —30 db. The signals 
are then applied . to a 3-kc. bandpass 
transformer Z1, a limiter amplifier V4, 
and a second 3-kc bandpass transformer. 
This provides a highly selective signaling 
channel, having an effective bandpass of 
less than ±-50 cycles. 
The pulse-detector relay tube V5 op-

erates the alarm relay when the signal 
voltage overcomes the static guard-
voltage maintained on V5. 
The signals must have a minimum 

duration of approximately .e second in 
order to operate the relay, because a 
time-constant network is provided to 
prevent actuation by random impulses. 

In some cases, it may be necessary to 
lock the alarm relay until the circuit 

is opened manually. Therefore, a carrier 
lock-in bias generator is provided on the 
ritigdown panel. 

Operating voltages for both transmit-
- - --
.Details of the circuits and their operation are 
explained in "Low-Cost Mobile Fleet Control," l'y 
J. K. Kulansky, FM-TV MAGAZINE, March and 
April. 1950. 
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ter and receiver sections are finished by 
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FALLACIES OF THE COLOR DECISION 
WHY THE BRACKET STANDARDS DECISION IS AN UNREALISTIC APPROACH TO 

COLOR TELEVISION SERVICE — /31 FCC COMMISSIONER GEORGE E. STERLING"-

1 N the First Report of t he Commission 
on the color television issues, I joined 

with the majority in the proposal for 
bracket standards with the understand-
ing that if an insufficient number of 
assurances were received from manufac-
turers concerning their plans for incor-
porating bracket standards in their re-
ceivers, the Commission would issue a 
final decision adopting the CBS color 
standards. 

Since the responses were not in accord-
ance with the Commission's proposal, the 
majority have adopted the CBS color 
standards. I dissent from this premature 
action taken by the majority at this time 
for the following reaions: 
The subject of bracket standards was 

not at issue • the hearing, nor was the 
subject even advanced during the hear-
ing. There is no doubt in my mind that 
manufacturers were taken by surprise at 
t he Commission's proposal on this subject 
as set forth in the First Report. 

I do not agree with the majority in 
their Second Report that the responses 
of the manufacturers were merely a re-
statement of the parties' contentions 
made during the hearing, since the sub-
ject of bracket standards was a new con-
cept in field and line scanning proposed 
after the hearing record closed. It came 
as a surprise to industry and was not 
based upon information appearing in the 
record of this proceeding. 

Several manufacturers were confused 
by the Report as it related to bracket 
standards, and representatives of dif-
ferent manufacturers communicated and 
met with the staff at various times for 
the purpose of securing an interpretation 
of the Commission's intent. The ex-
change of correspondence with the Philco 
Corporation subsequently made public is 
a classic example of the confusion aroused 
in the minds of manufacturers who evi-
denced a sincere interest in the problem. 
The Columbia Broadcasting System 

found it necessary in this respect to voice 
its concern as to the interpretations that 
might be made of paragraph (c) 1 and 
therefore consulted with the staff for 
clarification of the language. CBS also 
suggested that the Commission make 
clear by public statement what was in-

'Complete text of Commissioner Sterling's dis-
senting opinion on the Second Report on Color 
Television, issued by the FCC on October 11, 1950. 
1"Such receivers would be capable of producing 
monochrome pictures of equivalent size, geometric 
linearity, and brightness on each of the above two 
sets of standards." [ 15,750 lines. 60 fields, and 
29,160 lines, 144 fields per second]. 

tended by the language of paragraph 

Because bracket standards were new, 
I am now of the opinion that the Com-
mission should have treated the subject 
at greater length in its First Report. Be-
cause of the time lost in seeking clarifica-
tion of the Commission's intent and the 
necessity of meeting the September '2 9 th 
deadline, manufacturers were unable to 
make a full appraisal of how they could 
build in bracket standards, and when. 
The response of Capehart-Farnsworth 

Corporation, I think, truly poses the 
problem confronting manufacturers who 
are desirous of cooperating with the Com-
mission, since it encompasses not only 
design and production of TV receivers 
embodying bracket standards capable of 
meeting the Commission's requirements 
as to geometric linearity and brightness, 
but also points up the necessity of pro-
curing signal generating equipment for 
the purpose of testing receivers incon 
porating bracket standards. 
The Capelutrt-Fa ru ' worth Corpora-

tion's response stated, in part, as follows: 
"We are having some difficulty in ob-

taining pictures of geometric linearity 
and brightness on the higher frequencies 
and, in particular, we are faced with 
problems such as return time of the hori-
zontal sweep and consequent reduced 
scanning efficiency. Other problems in-
volve the loss of high voltage due to high 
frequencies with the deflection com-
ponents now used, and it is evident that 
new components, such as the deflection 
yoke and transformer, will have to be 
designed in order to meet the require-
ments stated in paragraph 161 of the 
Commission's Report 50-1064.2 

Also, until adequate signal generating 
equipment becomes available and until 
such time as the composite signal stand-
ards have been set, with particular refer-
ence to horizontal and vertical blanking 
time, we would be unable to produce a 
product design which would assure sat-
isfactory operation for both the mono-
chrome and color television transmis-
sions." 
The serious problems that confronted 

the Belmont Corporation, who also ex-
pressed a desire to cooperate, are stated. 
in part, as follows: 
"We have been unable to find any 

record in technical literature nor in our 
past experience of an attempt to produce 

=Complete text of this lengthy paragraph will be 
found in FM-TV for Sept. 1950, page 22. 

a linear ›weep for elect ru -inagnetic deflec-
tion systems covering the wide range of 
the proposed bracket requirements and 
at the same time adhering to the pro-
posed requirements of constant picture 
size and brightness. Moreover, the major 
effort of our engineering department since 
the publication of Notice 50-1065 has 
failed to indicate any method of accom-
plishing the bracket standards. The 
standards .as called for by the notice 
create a far different problem from that 
of incorporating in television receivers 
dual sweep systems permitting switching 
between specific standards, a system 
which probably could be engineered in 
the present state of the art. 
"While Belmont has every desire to 

cooperate with the Commission in de-
veloping bracket standards which are 
feasible from both the cost and engineer-
ing standpoints, it is clear from the above 
and from the results of our engineering 
survey that this cannot be accomplished 
within the time contemplated in the 
Commission's time schedule. Before Bel-
mont could begin to manufacture tele-
vision receivers with such standards, a 
method feasible from the engineering 
standpoint would have to be developed. 
the new equipment designed and field 
tested, a re-tooling operation accom-
plished, additional materials obtained. 
and production methods revised. Hence. 
it would not be possible to be in produc-
tion of receivers incorporating such 
bracket standards for a very much longer 
period than that contemplated by the 
Commission's time schedule." 
The problems of industry in terms of 

time are also succinctly set forth in the 
response of Mot ()robe. I I u'.. in which they 
stated: 

"Motorola's apin.tilich to this entire 
matter is in the spirit of cooperation. 
accomplishment, and realism. Therefore. 
I hope that you seriously weigh what we 
set forth herein when you come to a de• 
cision on this subject. 
"We are thoroughly convinced that the 

time allotted for a manufacturer to in-
corporate bracket standards into his pro-
duction is inadequate. To further ac-
quaint you with Motorola's situation in 
this matter of time and to further demon-
strate the inadequacy of the proposed 
time cycle, we are attaching herewith a 
report from our Engineering Division. 
This report is supported with two chrono-
logical histories taken at random from 
our Engineering Log Books. These his-
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tories set forth the aide posts of time for 
Iwo engineering projects that we classify 
as minor modifications. The engineering 
principles involved in these two cases 
were generally known before the inaugur-

ation of the projects. Many of the tech-
'liral principles involved in the integra-
tion of bracket standards require engi-
neering development to reduce them to 
commercial practice. Therefore, we would 
like to make clear that the integration of 
bracket standards into our manufacturing 
is not a minor modification. In fact. 
bracket standards covering the full range 
require a complete chassis redesign." 
The Hallicrafters Company, in their 

response to the Commission, stated they 
liad made every effort to determine their 
ability to cooperate with proposals of the 
Commission and significantly pointed 
out: 
"The design of a receiver which will 

operate on any combination of field or 
line scanning frequencies within the pro-
posed brackets is something we do not 
know how to accomplish in the present 
state of the art. This design would fol-
low considerable basic research for which 
we cannot estimate a completion date. 
Following the date of engineering re-
lease. a materials procurement cycle of 
two te four months must pass before 
actual manufacture can begin. These 
time factors coupled with whatever date 
the Commission might choose to release 
an order establishing bracket standards 
will determine whether we can supply 
bracket standard receivers within 30 days 
of the Order." 

Several manufacturers stress the need 
for field testing after receivers have been 
made by their engineering departments. 
In its Report, the Commission stressed 
the need of adequate field testing. In its 
First Report rejecting the RCA system, 
the Commission placed emphasis on the 
fact that this system had not been field-
tested and made mention that the system 
introduces entirely new techniques into 
broadcasting. So do bracket standards, 
and yet the Commission in its failure to 
consider a reasonable timetable deprives 
manufacturers of the opportunity to 
field-test this new device and, therefore, 
has taken an inconsistent stand with its 
enunciation of the importance of this ele-
ment in the evolution of a new system. 
Manufacturers have a respon,i tidily to 
the purchasing public, and one of t he im-
portant criteria of meeting this respon-
sunlit through field-testing its prod-
ucts prior to introducing them to the 
public. The competitive forces in this in-
dustry are tremendous and, as in all 
products designed for public acceptance. 
manufaeturer rises or falls according to 

the merits of his product. In ray opinion, 
part of a reasonable timetable should in-
clude the necessity of field-testing bracket 

standards under varying conditions of 
reception, including temperature, hu-
midity, signal strength, etc. 

Neither the Commission nor its staff 
has the necessary experience in the de-
sign and manufacture of TV receivers. 
Consequently, the Commission must take 
the word of reliable manufacturers who 
were willing to cooperate but were unable 
to meet the Commission's short time-

tv/ NETHER you approve or oppose the adop-
yy tion of the CBS color television system, 
make no mistake on this point: the basic issue 
involved is not whether the CBS system is 
technically acceptable, or is the best available, 
but whether or not the radio industry of this 
Country is to be controlled by indirection under 
FCC decree. 

This is not the first but the second time that 
the manufacturers have been confronted by such 
a situation. The issue should have been met 
squarely when Paul Porter justified the shift 
of the FM band by saying, and without the 
slightest basis in fact: "The Commission is 
informed by transmitter manufacturers that 
10-kilowatt transmitters will be immediately 
available for the new band." Then pointing 
his finger at the industry, he said "if new 
receivers are manufactured to cover the old 
band, the Commission might very well take 
the position that it was nec aaaaa y to put an end 
immediately to all FM transmission in the old 
band to protect the public from an unnecessary 
expense, and to insure that the change-over to 
FM's new and permanent home should not be 
delayed." That was on August 17, 1945. 

After five years, FM broadcasting is still 
struggling to overcome the setback which re-
sulted from that action by the Commission. 

Now the FCC, with Commissioners Hennock 
and Sterling dissenting, has decided to develop 
the Porter do-as- 1-say-or-else technique, and to 
really do a job on the television manufacturers. 
Their concern for the American public is no 
more si han Paul Porter's and, as he did, 
they have not only rejected the advice of 
industry experts best qualified to give it, but 
they have utterly disregarded the practical 
problems of research, development, engineering, 
field-testing, production, promotion, and mer-
chandising. 

RCA's board chairman David SarnofF summed 
up this situation in a statement released on 
October 11: "Never before has an administra-
tive body of the United States undertaken to 
coerce the freedom of choice of American 
manufacturers in what they may build and sell 
under threat that, if they do not obey, drastic 
consequences to the public will follow. The 
threat has today been carried out. Because 
the engineers of substantially the entire indus-
try had the courage to disagree with the 
Commission's impractical proposal, the FCC has 
adopted this incompatible ssytem just as it 
threatened to do." 

The only recognition of industry dislocation 
and public confusion which will result from the 
Commission's decision was expressed in the 
dissenting opinion of Commissioner George E. 
Sterling B  his opinion brings to light 
important considerations which are not gen-
erally understood, and is documented with 
statements from radio manufacturers, his text 
is presented here in full. 

table. In its First Report, the Commis-
sion stated "that ( it) is aware that of 

necessity it must rely to a great extent 
upon industry experts for data ami ex-
pert opinion in arriving at decisions in 
the field of standards, our own facilities 
are too limited to gather much of the 
data." Paraphrasing this statement. as it 
concerns bracket standards, the Commis-
sion should say that it must take the 
word of industry as it concerns the design 
and production of bracket standards. 
since it does not have the know-how. By 
providing for a reasonable timetable, the 

Commission would have in the end the 
experience of industry in this new con-
cept of field anti line scanning. and would 
be able to better judge what it would cost 
the public, and if it would provide the 
a vet tin's for improvement that might be 
made ill the art. 

problems confronting manufac-
turers today in ternis of production, pro-
curement. and manpower to meet the 
demands of national defense are serious 
ones. Surely the responses of such reliable 
manufacturers must be given credence 
and consideration. It is well known that 
there are serious shortages of tubes and 
resistors as well as basic materials. The 
sit in lii, on procurement is so acute that 
inanufatturers have been shipping their 
TV receivers without a full complement 
of tubes, truA Mg to their dealers to pro-
rure t hem in local markets, but the local 
market supply has been exhausted as the 
result of not only the local denim ii but as 
the result of the purchasing agents and 
manufacturers' representatives combing 
t•\ ( Ty territory in their search for coin-
ponents in short supply. At least one 
company has agents in Europe attempt-
ing to purchase resistors. This condition, 
aggravated by others, is bound to have 
a serious effect on production. and will 
serve only to delay the availability of 
parts to make not only bracket standards 
lint also parts with which to build adap-
ters, converters and color receivers. More-
over, in many instances, industry has 
been required to divert its TV engineer-
ing experts to problems of production for 
defense because of the close relation of 
TV techniques to radar and other elec-
tronic devices the Government requires. 

After a thorough study of the re-
sponses, and taking into consideration the 
iii rai  problems of industry. I am con-
vinced that the Commission's timetable 
presented to bull's( t'y in its First Report 
to build in bracket standards was unrea-
sonable. I think much could lie accom-
plished in the interest of all concerned if 
wt. called a t wo-day conference with 
those members of the industry who in-
dicated a willingness to cooperate with 
the Commission for the purpose of ex-
ploring the problem of bracket standards, 
looking to a realistic timetable that could 
be met by industry without unduly 
aggravating the compatibility problem. 

In the period that has passed since the 
manufacturers submitted their replies to 
meet the September 29th date line, I feel 
certain that they have continued their 
study of the problema and would be in a 
position at the end of a two-day confer-
ence with the Commission and staff to 
agree on a reasonable timetable similar 
to that proposed by the Commission in 
its First Report, had manufacturers met 
t he requirements of the Commission's 

(Continued on page 44) 
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Fir. I and 2. Phonerision reception before and after addition of the key signal 

ZENITH PHONE VISION 
PART 2: SIGNAL FUNCTIONS, ROUTING & SWITCH-
ING, TRAFFIC LOAD PROBLEMS— By M . M . HUBBARD"' 

TIIE Phonevision system of television 
1 broadcasting' is described briefly in 
the following few pages, first of all in 
ternis of the functions to be accomplished 
and, secondly, an attempt is made to 
define and analyze certain technical prob-
lems associated with such a proposed sys-
tem. These are call routing, switching 
methods, and traffic loads. 

Controlled distribution is a necessity 
for any successful subscription service. 
Television is no different. A suitable 
method must be devise (I by which the 
television owner may indicate his inten-
tion of seeing special programs awl his 
willingness hi pety for the privilege. 
Scrambling the picture offers such a sys-
tem. But there are not too many meth-
ods by which the picture can be simply 
decoded under control. 
One means of. scrambling and unscram-

bling the i)icture that has been thor-
oughly investigated is a method of 
intniducing a random uncertainty in the 
horizontal synchronization of the picture 
image. If uncorrected, this produces a 
jitter or disturbance to the composite 
image resulting from many successive 
frames. But it is still possible, as in a 
photograph slightly out of focus, to iden-
tify gross detail, as shown by the 
scrambled image in Fig. 1. To decode 
such a scrambled picture, electronic cir-
cuits have been developed that transmit 
a decoding signal. This signal needs only 
a narrow passband, about 100 cycles, and 
is therefore economical of transmission 
facilities. Fig. Q shows the image seen 
after the decoding signal has been added. 

'Massachusetts Institute of Technology, Cam-
bridge. Mass. 
'Pali 1 was publi,hed in FAI•71 - for June, 1950. 

The transmission of the decoding signal 
io the customer is the next problem we 
inherited o itli the decision to invest i-
gate a subscription service. One first 
thinks of the simultaneous transmission 
of the key over an additional radio link. 
This method has several disadvantages. 
The first is the inherent difficulty of re-
stricting the key to the authorized sub-
scribers. 1itother is the trouble to be 
anticipated in maintaining interference-
free reception of an additional channel. 
particularly in areas of hiw signal 
strength. 
The method of distribution investi-

gated in the proposed Phonevision s-
tem is to transmit the decoding signal 
over tlu. regular telephone lines to each 
customer. At the present titne many such 
additional signals are superimposed on 
intercity toll lines, the well-known carrier 
channels. It is only done in rare instances 
on lines to subscribers, though some 
telephone PI MI Pa ies do use subscriber 
lines to transmit wired music programs 
Nvhen they are not needed for talk-
ing purposes. Since the key signal we 
require needs only about lot) cycles of 
spectrum space. it can be added imme-
diately above the normal voice audio 
band. The at at this frequency 
ill the normal telephone subscriber plant 
is well within the limits required to per-
mit sensing the decoding signal at the 
customer's home. Simple frequency-
separation networks have been produced 
to do this with low insertion loss. Thus 
we find one possible means of delivering 
our decoding signal to the user. 

It would, of course, be possible to set 
up such a service on a flat rate basis, the 
customer to pay a fixed monthly fee with-

out regard to the extent, of his use of the 
programs offered. This might very well 
be a satisfactory operational method. In 
that case, many of our problems would 
be eliminated. However, the number angl 
type of programs that might be offered 
to a subscribing public are great. It is 
also clear that not all segments of the 
viewing public will desire to support the 
same types of programs. One group 
might prefer original first-run motion 
pictures prepared for television subscrip-
tion viewing; a second might prefer live 
plays: another, sports events which might 
require reimbursement of the sports man-
agement. Because of such varying pref-
erences. the economics of a possible sea-
son ticket to a subscription service is not 
as promising a propfflition as some means 
preserving the right of selection to eaeli 
customer. 

If we seek such a solution, we are con-
fronted with three principal problems: 

I. Each customer must be able to re-
port his desire in order to obtain the 
ilec(sling information for the particular 
program of his choice. 

2. The correct decoding signal must be 
returned to him during the program, or 
programs. which he selects, and wit 
(itherwise. 

I. There must be made a record of each 
transaction for billing purposes. 

Clearly. if we are thinking of using 
telephone lines to distribute the key 
signal, it is most convenient to use the 
telephone central office as a means of 
solving problem No. 1 above. This dis-
cussion will be limit cd to customers living 
in areas served I )y dial offices, since 
manual telephone service is a dwindling 
facility. It is also true that the largest 
segment of the potential audience for 
subscription service will be found in the 
metropolitan areas served by panel, cross-
bar, or step-by-step dial offices. 
At first thought one might suppose 

that the Phonevision terminal which will 
record orders and attend to distributing 
the appropriate key signals could be as-
signed a telephone number like any other 
business. with perhaps a large number of 
lines, a, is done for frequently-called 
businesses like Western Union or large 
department stores. As will be seen in 
our consideration of traffic loads, this 
might lead to overloads in the terminat-
ing end of a central office. If the lines 
to the Phonevision terminal were taken 
from the outgoing trunks of the origi-
nating central office equipment, as is done 
for calls to Information or Long Dis-
tance, further valuable advantages could 
be gained in means of transmitting iden-
tifying signals. Once a subscriber is con-
nected to a Phonevision terminal, he can 
make known his identity and wishes ver-
bally. Indeed, in small-scale trials, just 
this will be done. For a large volume of 
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calls, such procedure is wasteful of valu-
able circuit time. Many mechanical. 
methods can be projected. 
One would be the transmission of 

audio-frequency pulses. A method that is 
much simpler, and which requires no 
unusual equipment for the purposes at 
the customer's premises, is to use DC 
pulses from his telephone dial. This will 
permit registration of his desires if the 
connection is set up as is shown in Fig. 
3. In this, we see that a Phonevision 
subscriber has obtained access to the 
Phonevision terminal by dialing a 3-digit 
mde. The crossbar equipment has inter-
preted this correctly, and routed the call 
to a given group of trunks on the Office 
link frame assigned and cut the sub-
scriber directly through to the special 
Phonevision equipment without inter-
posing a repeating coil. Thus, DC cur-
rent interruptions by his subsequent dial-
ing will be received by suitable relays in 
this equipment. 
At this point the subscriber will re-

ceive some signal to inform him he has 
reached the Phonevision terminal. This 
could be a second dial tone, as is com-
monly done in outgoing trunks from pri-
vate branch exchanges. 011 receipt of 
this signal he would dial about seven ad-
ditional digits to perform the following 
functions: the first four digits (or five if 
more than 10,000 customers in a given 
office are signed up) will identify him. 
These might be an arbitrary number, his 
contract number. 
During receipt of these digits. the 

Phonevision terminal would make selec-
tion of the auxiliary line circuit cross-
wired to the particular subscriber cor-
responding to this contract number. It 
can then make positive identification, in 
a simple loop test, that the customer has 
indeed dialed the correct number to 
identify himself and has reached his own 
auxiliary line equipment, thus avoiding 
the mistaken ordering up of signals for 
another party Thus the auxiliary equip-
ment is made ready to respond to the 
order of the customer for the selection 
of the program he desires to receive. The 
auxiliary equipment can be easily de 
signed to permit a subscriber to indicate 
a choice for any one of several programs, 
e.g., Program A at 7:00 to 9:00 rm: or 
Program E at 9:00 to 10:30 Several 
time intervals and program choices can 
be designated by a one or two digit deci-
nial code. 

This auxiliary line equipment can be 
made up in many ways. One easy solu-
tion is to use a stepping switch with one 
relay and a printing tape. This solves 
problem 3, recording the transaction. 
With the completion of dialing, the cus-
tomer may receive a tape-recorded an-
nouncement of the program code he has 
just ordered up if this seems desirable. 

Thi, announcement, if provided, would 
be followed by timed release if the sub-
scriber does not hang up first. Either 
the timed release or the customer's hang-
ing up would clear all equipment in the 
originating cross-bar path, but leave the 
auxiliary line equipment attached to the 
customer's line to transmit to his set the 
decoding signal when the time for it is at 
hand. The auxiliary line equipment could 
be arranged so that it does not make the 
line test busy to incoming calls, nor pre-

vent outgoing calls. The signal would be 
attached to the subscriber's line through 
a frequency-separating network and an 
attenuating pad to eliminate cross-talk 
from one line to another when both are 
attached to a common key-signal source. 
The equipment can be restored to nor-

mal after the program by a common 
release signal initiated by the Phone-
vision terminal at the conclusion of the 
transmission interval, or a subscriber can 
free his line from any code previously se-
lected by dialing. before or during a pro-
gram, the same digits already described 
and finally dialing sonic arbitrary release 
signal, possibly zero. 

Access to the Phonevision terminal to 
register program choice may constitute a 
large traffic load for the telephone cen-
tral office equipment. To see how serious 
this might be, let us assume a typical 
office of the latest type, and examine the 
magnitude of this load for a heavy devel-
opment of such subscription service, a 
development that is several steps re-
moved from any initial installation. We 
will select a telephone office serving ap-
proximately 34,000 working terminals 
(numbers) of mixed business and resi-
dential service in a community adjacent 
to a large metropolitan area. We will 
assume that crossbar equipment is pro-
vided to serve this group of subscribers. 

We will further assume that one-third 
of this office's working terminals are 
equipped for subscription television serv-
ice, roughly 11,330, and that at any one 
time about 60% of these might wish to 
receive programs coming at the same 
hour. These are rather liberal allowances 
and present the worst load condition, 
which might mean that 6,800 calls would 
be attempted to the Phonevision terminal 
in one hour. 
To assess such telephone loads, we must 

measure them in terms of circuit usage. 
The common unit is the call-second. The 
load can be expressed as the product of 
the number of calls multiplied by the 
average number of seconds utilized in the 
connection. This is calling-rate times 
holding-time. All telephone trunks and 
central office equipment quantities are 
engineered by the application of mathe-
matical theory of probability to accurate 
forecasts of average loads. What average 
holding-time should we assume for our 
case? Nine or ten digits are to be dialed. 
This could be (lone in 13 to e seconds. 
We will assume an average holding-time 
in a crossbar office of approximately I0 
seconds for a subscriber sender which re-
ceives seven or eight digits. Since this 
.10 seconds includes allowances for calls 
to call-indicator offices with longer hold-
ing time, we may conclude that our 
allowance is reasonable. Indeed the or-
dinary crossbar sender will assume that 
trouble exists if the subscriber exceeds 40 
to 60 seconds in dialing. 
With the assumed 40 seconds average 

holding time. our load above is 40 X 6,-
800= 27'2,000 call-seconds. If these were 
uniformly (list rani t (A throughout an 
hour, or distributed with the usual tele-
phone traffic random fluctuations, we 
would require, as we can determine by 
consult hug probability tables, about 105 
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trunks to the television terminal if one 
call in 1,000 is to encounter a busy con-
dition. If we assume that the customers 
are not forehanded and bunch 70f, , of 
the calls in the last 30 minutes, our load 
rate would increase and 117 trunks will 
be required for the saute busy trunk 
probability. 1f we wish to assume still 
further compression of this load, the 
number of trunks vill be increased. Tice 
number of these trunks can be made 
equal to the requirements of the most 
probable loatl concentration. The relay 
equipment required for these trunks is 
part of the subscription service equip-
ment and is. in effect, leased or paid for 
by the customer. While this paper will 
not attempt to go into the costs involved. 
let it suffice to say that the investment 
in such trunks, per customer, is not se-
riously high. Indeed it becomes smaller 
per customer as the density of the serv-
ice increases. 

If this trunk equipment is not our ulti-
mate bottle-neck, where shall we find 
load troubles? Let us review the effect 
of this load on the call-carrying capacity 
of our hypothetical office. A crossbar 
office to serve 31.000 terminals might be 
expected to have 18 or 19 frames of dis-
trict junctors ( the equivalent of cords in 
a manual office). '1'lle combined capacity 
will be about -1.61;0,000 call-seconds per 
hour. The other elements of a crossbar 
office necessary to the completion of sub-
scriber calls, senders, markers, link 
frames, will be coordinated with this 
capacity w huh N lesigned to handle the 
load to be expected during the busiest 
hour of the day for any clay up to the 
time at which an additicai is made to the 
office. In other words, it must carry ex-
isting loads and provide room for growth 
during the normal interval between office 
additions. For an office with business and 
residential subscribers of the type \\ 
have postulated. the busy hour may come 
in the morning, usually 10:00 to 11:00 
AM or in the evening from 7:00 to 8:00 
PM. Our television subscription load 
may be expected to coincide with the 
evening busy hour. How much will our 
postulated load add to the normal traffic 
which could be expected in a similar of-
fice without Phottevision facilities? 

It amounts to 5.8% of busy-hour 
capacity represented by the junctor 
equipment. Such an achlitional load 
would require approximately 103 addi-
tional junctors with some increase in as-
sociated equipment such as senders. lhiks. 
and the like. But this represents a con-
siderable development of the television 
subscription service: remember we have 
assinned that 33-1/3,.'; of the subscribers 
have Phonevision equipment and that 
60(.; of these wish a program at the 
same hour. Naturally such a condition 
would not exist at the start of any such 
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subscription service. One might assume 
that 5 to of the subscribers might 
be so equipped. In this case, the added 
load is less than 1'; . and within the 
limit of accuracy of our engineering of 
office quantities. As the subscription 
service grows, the calls resulting there-
from would be measured in with the 
normal traffic calls in calling-rate meas-
urements, peg-counts. and the increase in 
capacity due to this service could be 
accommoclated in normal growth. It 
should also be noted that the use of 
Phonevision may il self lenil to reduce the 
office evening busy- hour by those sub-
scribers having such equipment. so that 
sonw compensating load reduction may 
be expected. 

If the calls are not uniformly distrib-
uted. the load is effectively wor.se. It is 
not possible at present to predict this 
loading in a quantitative way with the 
aceuracy that is attainable in normal 
telephone traffic st itches. since we have no 
samples with which to gauge the calling 
habits of the possible Phonevision cus-
tomers. It may help in assessing the 
extremes if we consider that 6,800 calls 
represent less than 38% of the assumed 
number of equipped district junctors. If 
we assume 70'; of the calls in the last 15 
minutes (an extraordinary degree of 
compression) we find that our effective 
load is now the equivalent of 762,000 
call-seconds uniformly distributed. This 
is 16.3e; of our assumed capacity. From 
this we see that the office may be subject 
to loads that, while not negligible. do not 
require a major increase in originating 
eqpcij unen t 
By taking our trunks to the television 

terminal from the office link frame mul-
tiple. and confining our calls to the orig-
inating equipment. we have eliminated a 
chance for severe overloads in the ter-
minating equipment. If all subscribers 
called one published number, all the 6.-
800 calls would be directed to a relatively 
small number of block-relay number 
groups. and the calls would have to be 
handled in turn individually. This would 
cause a serious throttling, which might 
result in time-out of terminating senders 
held too long, effectively choking off all 
incoming calls to that office. By avoiding 
the terminating equipment completely. 
this direction toward a small number of 
relays is avoided. The trunk groups of 
the office link frames are designed to per-
mit great volumes of calls to single 
groups, for example. to calls terminating 
within that same exchange unit. 

In the past, telephone central offices 
have been subjected to severe bunching 
of calls in radio call-in programs which 
promised rewards, premiums. or which 
merely sought the votes of the listeners. 
The loads in these cases were very severe 
since they were synchronized and trig-

FM-TV, the 

erect by an announcer's request for 
votes, or the release of a final clue. 
Such loads were handled with only 

slight temporary overloads by normal 
telephone dial offices. These loads were 
certainly much more concentrated and 
severe than need be expected in a tele-
% isiou subscription service as described. 
If we arrange our trunks to the Phone-
vision terminal from the outgoing office 
trunk multiple, and keep calls entirely 
away from the terminating equipment. 
we can eliminate the worst "bottleneck" 
that plagued the radio call-in programs. 
Sinve no time limit need be set on an-
ticipatory action by customers in calling 
t., ,et up program selection, we can ex-
pect a large number of customers to sig-
nify tlwir desires one-half hour to an 
hour beforehand to avoid the rush. This 
tendency will be augmented if it is pos-
sible to cancel without charge at any 
lime prior to the starting of a program. 
and still further augmented if the policy 
is adopted of permitting cancellations 
without charge or for a very small charge 
in the first minutes of the program. 

Since the installation of such a sub-
scription service must begin with small 
ntunbers of customers. the initial load in-
crement upon the telephone facilities will 
be trivial. If the number of trunks to the 
television terminal are accurately ad-
justed to the load. customers will be-
come accustomed to setting up their pro-
gram choices fifteen minutes to an hour 
in advance of the show (indeed, more 
fccresight is usually required to see a 
niuvie or stage show). If the number of 
any one office reaches the degree of con-
centration assumed in our example above. 
\\ e inay view \\ it h considerable confidence 
tlw effects of this added load upon nor-
mal functioning of the telephone plant. 
The switching methods and traffic load 

computations were made by the author 
while acting as consultant for the Zenith 
Radio Corporation. 

Enuroa's mrrE: In part 1 of this article, 
which appeared in F211-TV for June, 
1!):,0, the illustration for Fig. 7 on page 
.10 eras incorrect and hml no relation to 
the subject matter. The correct diagram 
is presented • dh apologies to the 
author and to our r tirs ?Jr, were con-
fused by the ?allot.' lit / U..1;10;00. 
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NEW ACOUSTIC THEORIES 
STUDIES IN ENGLAND INDICATE THAT STUDIO SOUND-DECAY PATTERNS 

ARE MORE IMPORTANT THAN REVERBERATION TIME — By JAMES MOIR "' 

THERE are two weak links in the long 
chain between an original sound 

source and the listener and, oddly 

enough, both are at the very ends of the 
chain. In a reproducing system, the weak 
link is the loudspeaker. In a broadcast-
ing station or recording studio, it is the 
acoustics of the room in which the pro-
gram originates that cause the most 
trouble. 

Theory vs. Results: 

Initially, studio and concert-hall design 
was based upon the fundamental research 
of Sabine and Watson. As this work is 
well presented, and is extended in your 
Professor Knudsen's book, there is no 
need to re-examine the groundwork. Ex-
perience has shown, however, that the 
st ra igh t forwa rd application of Sabine 
theory may or may not produce a good 
studio. It will be agreed also that the 
refinements of the Sabine theory due to 
Eyring. Millington, Sette. and others do 
not significantly improve the chances of 
designing a good studio. 

This theme will not be pressed. but one 
example of British experience will be 
quoted because it was a rather carefully 
controlled comparison test. In 1936, as 
part of a studio building program, the 
BBC built two identical studios. These 
had the same mean dimensions hut differ-
ent surface shapes, one being a plain rec-
tangular studio, the other having corru-
gated walls as in Fig. 1. Although the 
reverberation times were similar, the 
acoustic performance of the two studios 
differed radically. 

Measurement of Sound Decay: 

Similar experiences in cinema theatres led 
the writer and his associates to develop 
new equipment in order to study the 
acoustic decay process more closely. The 

*87 Catesby Road. Rugby, England. 
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motivating thought was that details of 
the decay curve are more important than 
the envelope of the decay, as measured 
by conventional reverberation-measuring 
techniques. 

A diagram of the equipment is given 
in Fig. 2. Tone signals produced by a 
standard type of audio oscillator are 
switched to an amplifier and loudspeaker 
by a motor-driven cam switch, set to 
close the circuit for a period of 10 milli-
seconds every second. The resultant short 
tone-pulse is emitted by the loudspeaker 
in the studio under test. Simultaneously, 
the time base of a cathode ray tube is 
triggered, the spot moving from left to 
right across the tube in a period of about 
.5 second. The tone pulse travels directly 
front the loudspeaker to the microphone 
and is picked up, amplified, and applied 
to the cathode ray tube plates to produce 
an initial vertical deflection. Also, each 

Fig. 2. Tone-pulse measuring equipment 

time the pulse is reflected from a room 
surface back to the microphone a blip is 
produced, as in Figs. 3A and 3B. The 
time interval can be estimated by meas-
uring the distance between the start of 
the trace and the leading edge of the 
blip. Thus. complete details of the decay 
curve of the reverberant sound are avail-
able. 

Extensive experiences with large audi-
toria llave confirmed that good listening 
conditions and, we believe, good micro-
phone positioning, is obtained only when 
the cHT picture is similar to Fig. 3A, 
which shows a strong direct signal with 
relatively little subsequent reflection. A 
CRT picture such as shown in Fig 313 has 
proved to be characteristic of a poor lis-
tening position. This has been true 
whether the reverberation time has 
agreed with any optimum curve or not. 
In other words, reverberation time is of 
secondary importance. 

Applications of Results: 

An evaluation of results is in order. The 
first lesson appears to he the prime im-

2 e 
TIME TIME 

Fig. J. CRT display of sound-decay 

portanee of obtaining the proper kind 
and amount of sound diffusion in a hall 
or studio. Notice the emphasis on the 
right kind of diffusion. We are inclined 
towards the view that while major dif-
fusers such as poly-cylindrical panels are 
advantageous, they must be supple-
mented by the more detailed diffusion 
produced by minor coves, cornices, and 
similar irregularities. 
Major diffuser units used alone tend 

to produce acoustical characteristics that 
are not altogether aesthetically pleasing 
to our ears. At least, they have never 
found favour in Europe to the same ex-
tent that they have in your country. It 
is interesting to speculate on the funda-
mentals of this subject. Do we like this 
detailed diffusion because of its funda-
mental appeal, the appeal of a chord in 
just intonation, or do we like it because 
we have grown up heirs to a long line of 
concert halls having these characteristics 
and, in addition, are regularly exposed to 
domestic surroundings with the small-
scale diffusion effects produced by pic-
t ures, furniture, and small ornaments? 
A hall that is notably superior to the 

smooth-wall design is shown in Fig. 4. 
This is a photograph of St. Andrews 
Grand Hall, Glasgow, a concert hall that 
has a particularly good reputation in 
Great Britain for broadcasting. It has 
undergone no acoustical treatment, but 
has desirable diffusion characteristics re-
sulting from the detailed break-up of sur-
faces by the pillars, ceiling coffering, and 
ornamentation. The rectangular shape, 
similar to that of the Boston Symphony 
Hall, may also be responsible in part for 
the good performance. 

In Fig. 5 is shown the Concert Hall 
Broadcasting House, intended for use 
with an audience, and which has very 
good characteristics for a medium-size 
orchestra. The rectangular shape and ir-
regular ceiling contribute, no doubt, to 
the fine results. 

Optimum Reverberation Time: 

A second point of interest is the gradual 
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change of thought about the effect of 
frequency on optimum reverberation 
tiine. In past years the MeNair-Kmal-
sen characteristic. Fig. 6, was in favour 
over here as it was in America. and in 
fact it was supported by considerable ex-
perimental evidence. Recently, however. 
there has been a distinct trend away 
from designing for a rise in the bass, and 
towards a more level characteristic at the 
lower end of the frequency scale. In 
rooms intended mainly for speech, the 
result appears to be a distinct improve-
ment in cleanness. but the advantages for 
a music st udio are not so well defined. 
The M(•Nair-Knudsen characteristic is 

generally produced by the ordinary types 
of building construetion. Special steps 
must be taken to obtain the low-fre-
quency absorbtion not generally provided 
by the usual type of acoustic treatment. 
In England this effect is generally 
achieved by the installation of resonant 
absorbers of the linoleum-covered box 
type. A typical example of this treat-
ment can he seen in Fig. 7, which shows 
studio No. I in the BBC West Regional 
station at Bristol. 

It is always difficult to give credit for 
developments of this kind, lint it is be-
lieved that the initial work was done by 
Mr. C. W. Goyder while chief engineer 

of All India Radio. NU. tioyder is now 
with the BBC. 
There is evidence to show that bass 

absorption was probalily the main pur-
pose of the acoustic vases found in the 
remains of obi Greek ampitheatres. Bass 
absorbers of the vase type, fundamentally 
Helinholz resonators. have been exten-
sively studied in Sweden and Denmark 
and have been incorporated in the design 
of several European studios. There is one 
notable instance where ordinary glass 
milk bottles were found to be of the cor-
rect dimensions, and were cast into the 
concrete ceiling of the studio. 

Structural Resonance: 

A third significant development is the 
increased attention being given to the 
problem of structural resommcc. For 
many years. the importance of the decay 
time of energy store(1 in the air as sound 
has been appreciated. bun more recently 
it has become evident that the energy 
absorbed from the initial sound by the 
walls, ceiling, and floor of the studio and 
returned at a later time in the decay pe-
riod can be of prime importance. There 

Fig. .;. left: .1 
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for broarlea,f-
ing purp,,,, 

Fig. I. left: St. 
Andrews Grand 
Hall, Glasgow. 
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studio provided 
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Fig. G. Optimum reverberation time 

is no doubt that this effect can modify 
appreciably the overall acoustic perform-
ance of a st udio. Thus, great care should 
be taken in the actual construction of 
building, before acoustic treatment is 
even considered. Structural resonance 
cannot be avoided. The most satisfac-
tory current approach is to make certain 
that time structural elements do not all 
resonate in the same frequency region. 

Conclusion: 

The problem of obtaining pleasing acous-
tic performance is one of such immense 
emnplexity that a brief survey of this 
type cannot attempt to do more than 
outline the various approaches. For time 
essential details, the following, references 
are suggested: 
/937 Symposium of the Acoustic Group. 
obtainable from the Physical Society. 1 
Lowther Gardens, Prince Consort Road, 
London. England. 
Transaction of the Danish Academy of 
Tech nieal Sciences, No. I 0-1949. Koben-
havn. Denmark. 
"A comparison of the Acoustics of the 
Philharmonic Hall. Liverpool. awl St. 

ewe% Maim le MM. 

Andrews Grand Hall. Glasgow," by T. 
Somerville, BSc., BBC Quar-
terly, April, 1949. 
"The Acoustical Planning of Broadcast 

Studios," by John McLaren, BBC Quar-
terly. January, 1947. 
"Acoustics of Small Rooms," by J. Moir. 
ll'ireless World. London, England. 
"Acoustics of Cinema Auditorium," by 
C. A. Mason and J. Moir, Jour, Inst. 
Elect. Engrs. 
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THE FAS AUDIO SYSTEM 
PART 2: THE FAS SPEAKER SYSTEM — CONSTRUCTION OF AIR-COUPLER — 

WINDING CHOKES FOR THE CROSSOVER NETWORK — Br MILTON B. SLEEPER 

THE discussion of the FAS speaker 
system to be presented here was in 

g,gurse of preparation at. the time of the 
.\ gull° Engineering Society's annual con-
vention in New York. This gave us an 
excellent opportunity to check our own 
observations against the reactions of sev-
eral thousand audio engineers and audio-
philes who visited our demonstration set-
up, and listened critically to its perform-
ance. The equipment we used was the 
amplifier described in Part 1, and the 
speaker and turntable arrangement illus-
trated in these pages. 
For three days. our demonstration 

room was crowded to capacity almost 
continuously with professional and lay 
people who came in to listen skeptically, 
then attentively, and finally with amaze-
ment and admiration. Over and over. 
we heard them say. " It's beyond belief!" 
and, " It's incredible!" Many people 
brought in their own records for us to 
play. Others listened, went out, and 
cante back with records they bought just 
to try on the FAS. And every one of 
them said that they heard music they 
didn't know wet s on their records. 

SO11112 of our friend,- en me gg, heckle us 
good-naturedly by asking: " What's good 
about the FAS?" Our stock answer 
was: "The FAS is as good as what you 
hear. You don't listen to circuits, or 
tube types, or resistance values. So the 
system is only as good as the music it 
progluces." Then they'd listen. Perhaps 
they'd ask for an organ record, some-
thing with percussion instruments, or a 
vocal selection. We'd play what they 
asked for. Each one, before he left, 
stopped to say, "You've really got some-
thing new in this FAS." or, " I've never 
heard anything like it. It's simply won-
derf.d." 

Several asked: " Is this the Flewelling 
equipment?" We explainegl that the FAS 
represents the work Hutt he started. and 

Fig. 1. right: Construction. 
of the PAS Air-con pier. 
One extra brace across bark 
and two across front id 
cabinet are usually re-
quired. Model shown is of 
1-in. pine, but ply-
wood ran be' used 

Fig. Two 12-in. Altec speakers and Racon tweeter, awed in FAS system 
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that our Fowler-A Limm-Sleeper group at 
I'M-TV MAGAZINE carried forward front 
the point where he stopped. Thus it 
should be understood that Mr. Flewelfing 
took no part whatever in the design and 
construction of the FAS system which we 
demonstrated, and which is described in 
this series. The FAS amplifier is de-
cidedly different front his design, and the 
speaker system also, since we llave re-
duced the number of loud speakers re-
quired. In Mr. Flewelling's system, the 
use of inexpensive speakers is permissible, 
hut we feel that better results are (At-
tained in the new FAS system by using 
as good a grade of speaker as Itossilile. 

There ‘vere many questions about the 
substitution of other components, speak-
ers. a tid amplifiers. 1Ve explained that 



others of equivalent characteristics could 
be used, but the point of equivalence was 
stressed because the whole system could 
be upset by using a single component of 
inferior performance. That is the only 
limiting factor in substituting other parts 
for those in the equipment demonstrated 
at the convention and illustrated here. 

Others wanted to know about the am-
plifier, and how such extraordinary re-
production was obtained from an appar-
ently straightforward design. That will 
be discussed subsequently here, and in 
detail. At this point, it is sufficient to 
explain that any high-quality amplifier 
can he used with the FAS speaker sys-
tem, but if treble- and bass-boost con-
trols are provided, they should be set at 
zero positions. As for compensation on 
the volume control, you will probably 
prefer to disable it. Such devices are not 
needed in the FAS system. 
Some questions we just couldn't an-

,wer. There are many points that our 
Fowler-Allison-Sleeper group hasn't had 
time to investigate. There are others, 
particularly concerning acoustic theory, 
that we shall leave to the engineers who 
are in a better position to dig out the 
answers. In fact, we hope to include ar-
ticles in this series from readers who find 
out things that we don't know about the 
FAS system. 

Plan of the FAS Speaker System: 

We have said that the FAS system is 
mysterious and intriguing. Moreover, it 
opens up entirely new techniques for 
custom radio-phonograph installations. 
There was general agreement on that 
point at the AES convention. In fact, 
the majority of those who visited our 
demonstration room did not have an op-

Figs.:. How to construct an . 1 jr-coupler by enclosing space been 2 floor joists 

portunity to learn the secret of the bass 
reprod uction. 

Perhaps the best way to explain the 
extraordinary bass reproduction is to de-
scribe the setup used on that occasion. 
The room was square, with the entrance 
door on the south side. Against the 
north wall was a tweeter speaker at the 
right, and at the left a le-in. speaker in 

a small, tightly enclosed cabinet of :3 
cubic feet. On the south wall, adjacent 
to the door, there was a long table. 
Most of the people as they came in 

stood in front of the table or leaned 
against it, facing toward the two speakers 
against the north wall. When they heard 

advantage of being most inconspicuous, 
a feature which earns the approval of 
women who object to the use of large 
enclosures in their living rooms. 

This brings up the question of mount-
ing the intermediate speaker and the 
tweeter in the saine cabinet, or combin-

RCAR 
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Fig. Dimensions of the Air-coupler. 

the pedal notes of the organ roll out, or 
the deep tones of bass passages in or-
chestral music, they tried to figure out 
how it was possible to get such quality 
from a conventional 12-in. speaker in 
such a cabinet. 
There wasn't time or opportunity to 

explain it to everyone, but the fact was 
that the bass was coining front a third 
speaker on the floor behind them, tucked 
back under the table. The sound out-
put from that speaker had such a non-
directional characteristic, however, that 
no one was aware of the source! The 
same effect is obtained when an FAS 
system is installed in a private home. 

Basically. the FAS uses three speakers. 
with crossover networks at 350 and 1,200 
cycles. It has been our experience that 
the optimum listening pleasure is ob-
tained by locating the three speakers ii 
such a way that they are 5 to 10 ft. 
apart. In practice. this means putting 

the intermediate- and treble-range speak-
ers along one end of the room. The bass 
speaker, or Air-coupler, as we call it, can 
be located wherever it can be concealed 
to best advantage, as long as it is well 
separated from the other two. 

Since the Air-coupler can be planned 
for concealment in various ways, as will 
be explained, the speaker system has the 

which are apparently not, at all critical 

ing the two in a coaxial type of speaker. 
As to the former arrangement, we have 
found the musical quality somewhat im-
proved by separation. This is entirely 
a matter of personal opinion. We 
haven't tried a coaxial speaker yet. It's 
another one of the questions we can't 
answer from having tried it out, and we'd 
like to hear from those who use a coaxial 
speaker in combina I on with the Air-
coupler. 

Air-coupler Construction: 

Fig. 1 shows two views of the Air-coupler 
and the mounting of the speaker, with 
dimensions ill Fig. 2. We're inclined to 
tread warily in making any statements 
that involve the theory of its perform-
ance. For example, there may be certain 
optimum dimensions for it, but it appears 
that they are not critical. Frequency 
test records indicate that there is no 
11,,ticeable resonant frequency down to 
:30 cycles, at least. This is in spite of 
the fact that the Altee 600B speaker used 
has sonic resonance effect at about '75 
cycles. 

This observation was confirmed by 
people who brought their own records to 
play. Their only comment was that the 
Air-coupler produces a musical bass, with 
a fidelity on the lowest organ pedal notes 
such as they had never heard before front 
any type of loudspeaker. 

Also, it should be noted that the vibra-
tion of the wood itself is not a factor. As 
Fig. 1 shows, there are two heavy pieces 
screwed across the back to stiffen it. If 
t he Air-coupler is set down lengthwise on 
the floor, it must be fastened down with 
heavy angle-irons. If it is not fastened, 
it must be weighted on the top with a 
load of 50 to 75 lbs. The performance 
falls off if the Air-coupler stands freely 
on end. 

No. 2 pine, 7/8-in. thick, or 3/4-in. ply-
wood should be used for constructing the 
Air-coupler. In the former case, the 
width requires the use of two boards 
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joined together. The joints must be 
glued, preferably with a spline for extra 
reinforcement. All other joints should 
be glued and screwed firmly. 

Concealed Air-Coupler: 

Iii a private home, the Air-coupler can 
be moved out of the living room com-
pletely, without ally loss of tone quality. 
The method is very simple. It is only 
necessary to enclose a 6-ft. space between 
two floor joists, as indicated in Fig. 3. 
These beams are usually spaced 18 ins. 
between centers. An opening must be 
cut in the floor, corresponding in size and 
relative location to that shown in Fig. 2. 
The opening can be covered with a 
standard register grille. Also. a piece of 
light cloth should be secured under the 
grille to keep dust from settling on the 
speaker cone since, in this arrangement. 
t he crone will be facing upward. 
Where this can be done, it is recom-

mended highly because low-frequency 
vibrations set up by the speaker are 
transmitted to the floor. This gives an 

F..IS amplifier and a 3-x peed turntable, with crystal pickup for Fig. Tie( 

amazing realism to organ and orchestra 
musk, and maintains the bass response 
in proper relation to the middle and 
upper register even when the volume is 
turned down to bare audibility. 

Middle-Range Speaker & Tweeter: 

The middle-range speaker is another 
.\ Itec 600B, or an equivalent type, 
mounted in a closed cabinet 24 ins. high. 
18 ins, wide. and 12 ins, deep, and lined 
with 1-in. Celotex except on the front. 
These dimensions are purely arbitrary. 
Middle-range baffling is not critical, since 
the crossover point is 350 cycles. For 
the tweeter. we used one of the new 
flacon designs, model CHU-2. This 
should be enclosed in a small case, just 
big enough to contain the metal horn. 

Fig. I shows the lineup of the three 
speakers before they were mounted. 

Quality of Reproduction: 

The matter of volume level is extremely 
important. Critical listening is impos-
sible at unnaturally high volume. Nor 
can an hour or more of music be enjoyed 
under such circumstances Irving Greene. 
of Sun Radio, made an interesting obser-
vation in this connection. He said that 
musicians are inclined to be tone-deaf be-
cause most of their listening is done from 
within the orchestra. Thus, they are un-
able to appreciate the effect of a full 
orchestra, as we can. 
At high volume, it is virtually impos-

sible to judge the relative quality of the 
lower, middle, and upper ranges. How-
ever, with conventional systems, the bass 
seems to drop out as soon as the volume 
is cut down to an agreeable level. 
The FAS system, in contrast, main-

tains full bass response to about e cycles 
at any level down to audibility, and the 
bass is always in balance with the middle 

On orchestral music, the use of three 
speakers spaced substantially apart gives 
a decided stereophonic effect. There is 
the same feeling of placement as in a 
concert hall. That is particularly notice-
able in solo passages, or when the melody 
is carried by one section of an orchestra, 
and in orchestral music with an organ. 

Turntable and Pickups: 

The front end of the FAS system, as 
demonstrated at the AES convention, is 
shown in Fig. 5. At the left is the am-
plifier described in Part 1 of this series. 
Mounted on the record-player cabinet 
are a Presto 3-speed turntable, a Shure 
pickup arm and crystal cartridge, and a 
Gray viscous-damped arm fitted with a 
Pickering reluctance cartridge. The 
crystal was employed for 78 RPM 
records, and the reluctance cartridge for 
13 and 33's. This arrangement was used 
in order to demonstrate both types of 
pickups and all three types of records. 
A Pickering 130H preamplifier was 

mounted directly under the Gray arm. as 

78'x and reluctance pickup for 1.;'s and LP records 

range and treble. This effect is difficult 
to describe, but it is quickly recognized 
because it contributes a new value of 
listening pleasure. It is doubly impor-
tant in apartments and two-family houses 
where neighbors must be considered, or 
at times when some member of the 
family might be disturbed by loud music. 
To be specific, there is a passage in the 
Saint-Saens Symphony No. 3 in C minor' 
where the organ tones drop softly down 
to a point where you would expect to 
hear nothing more from a conventional 
system. Then, from the FAS Air-coupler. 
comes the deep roll of pedal notes with 
the vibration in the air that you can feel. 
as well as hear. 

'Columbia 78 album No. MM-747, or LP record 
ML4120. 

can he seen in Fig. 6. Two power switches 
were required, in order to prevent the re-
moval of power from the preamplifier 
when the turntable was stopped for 
record changing. 

Fine performance was obtained from 
both pickups. The Shure crystal car-
tridge is a newly-developed model, having 
high output with excellent compliance. 
Frequency resixmse without equalization 
is good out to about 7 kc. Our equaliza-
tion consists of a parallel combination of 
100.000 ohms and 100 mmf. 
Low-frequency response of the Picker-

ing reluctance cartridge in conjunction 
with the preamplifier is excellent also. 
Organ pedal notes are transmitted faith--
fully from record to amplifier. 

It should be emphasized that a good 
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turntable is required with the FAS sys-
tem, because any turntable rumble or 
wow is immediately apparent. Care 
should be taken to assure that the turn-
table is perfectly level. This tends to 
minimize unbalances which cause wow. 

Performanee of the system with an 
FM or TV tuner is as good or better than 
with records. An interesting discovery 
that will probably be made is that a 
good deal of bum is present in the trans-
missions of some broadcast stations, and 
t hat the hum level varies with the audio 
channel in use at the station. 

Crossover Network: 

We discovered in our early work on the 
FAS system that a crossover network 
was not only desirable, but an absolute 
necessity. High frequencies are not re-
produced well by the Air-coupler. Dis-
tortion and undesirable directional effects 
become evident when much over 500 
cycles is fed to the coupler. We settled 
on a low crossover point of 350 cycles as 
optimum. This is well out of the dis-
tortion region and, at the same time, is 
high enough so that extensive baffling of 
the middle-range speaker is not neces-
sary. All that is required is a small box 
with some means to eliminate back 
radiation. 
However, a :350-cycle crossover is too 

low for good reproduction with a tweeter 
alone on the high end. A triple-speaker 
system, with a three-way crossover net-
work. seems to be inescapable. The high 
crossover point was chosen as 1.200 
cycles, as recommended for the Harm' 
t weeter we used. 
A circuit diagram » of the crossover net-

work is given in Fig. 7. The constant-
resistance type of network is employed 
for simplicii.\ and because results are at 

least as good as with the filter type. 
Component values are given below: 

Li. L2 — 2.6 millihenries 
L3. 1,1— 0.8 millihenries 
Cl.C2 — mfd. 
C3, C4 — 24 mfd. 
RI. R2 — 13 ohms. 

R3 — 20 ohms. 
The potentiometers should be wire-

wound, of at least 4 watts rating. RI 
controls the level of the air-coupler 
speaker. Both the middle-range speaker 
and the tweeter are controlled in com-
bination by 112. Th, tweeter is matched 
to the middle-range speaker by R3. 

For reasons of economy we used elec-
trolytic capacitors rated at 150 volts, and 
have experienced no difficulty with them 
so far. Those who can afford them will 
probably prefer paper capacitors, which 
should last indefinitely. 

Winding Chokes: 

Two alternative series of chokes are de-

Fig. 7. The FAS 3-way crossover network 

scribed, one wound with No. 26 and one 
with No. 16 enameled copper wire. No. 
16 wire produces chokes of rather large 
size, too large to he incorporated into an 
amplifier chassis. However, there are 
practically no resistance losses incurred 

Fig. G. .4 preamplifier for the reluctance cartridge is mounted under turntable base 

Fig. N. Coil form for winding the chokes 

with the heavy wire. Some resistance 
loss is experienced with No. 26 wire, but 
the chokes are small enough so that they 
can be contained in the usual amplifier 
chassis, together with the speaker level 
controis. 
The basic coil form is shown in Fig. 8. 

A wooden dowel is cut to the required 
length, and two discs of masonite or 
other stiff material are attached with 
brass screws to hold the windings in 
place. Coil form dimensions are given 
below for both wire sizes: 

No. 26 
No. 16 

DIMENSIONS, INCHES 
A 
1/2  13/4  1 

1 3 11/4  

Dimensions A and C are both critical. 
Dowels of the correct diameter can be 
purchased at most any hardware store. 
They should be cut precisely to the 
length given in the table above, because 
the length of the dowel determines the 
number of wire turns per layer. There 
should be g9 turns per layer of No. 26 
wire, and 19 turns per layer of No. 16 
wire. Total number of turns required for 
each choke follow: . 

No. 26 wire 
No. 16 wire 

L I, L2 L3, L4 
310 170 
268 163 

The center hole in the coil form, Fig. 8, 
is for the insertion of a %-in. bolt. 
which is then secured by a nut. The end 
of the bolt is then inserted in a hand-
drill chuck, and the coil can be wound 
quickly and easily. The bolt must be 
removed after the coil is wound. 
Care must be taken that the enamel 

insulation is not scratched in the process 
of winding, with time resultant danger of 
short-circuiting a layer of the coil. 

Ideally, the chokes should be mounted 
on a wooden base or in a wooden box. 
and adjacent coils should be at right 
angles to each other. 
EDITOR'S NOTE: The next article in this 
series will describe how the FAS speaker 
system. can be adapted for use with 
standard types of high-fidelity amplifiers, 
or the air-coupler added to an existing 
speaker system. Information on cross-
over networks for any speaker impedance 

ill be given. 
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ACKNOWLEDGED STANDARD OF FM PERFORMANCE 

combnation .7opi ..'or 

„7.ine honoraph inótallationà 

....9 I.' you are planning a custom 
installation with the FAS 
speaker system, consider the 
advantages of using an REL 

646-B for FM reception, and as a 
phonograph amplifier. 

When you investigate the design 
and circuits of the 646-B, you will 
see why we make this suggestion. 
It provides, in a single unit: 

1. The finest FM reception, both 
as to long-distance and the elimina-
t ion of static and interference. Tun-
ing is greatly simplified by the tun-

ing meter and signal-strength meter. 

2. The amplifier has less than 

1..5% distortion at 10 watts output. 
This is much more power than is 
required for the FAS speaker sys-
tem. Response is flat within 1 db 

from 30 to 15.000 cycles, assuring 
full-range musical response. 

3. A panel-mounted radio-phono-

graph switch and rear terminals are 
provided to simplify the operating 
control and the wiring. 

4. The amplifier delivers full-rated 

THE ARMSTRONG SYSTEM $345 

output with 1 volt RMS fed across 
the 500,000-ohm input. 

5. Output impedance of the am-
plifier is 8 ohms, as required for the 

standard FAS speaker network. 

6. The amplifier in the 646-B pro-
vides flat response, with a single au-

dio gain control, in accordance with 
recommended design for driving the 
FAS speaker system. 

7. No special mounting is re-
quired, as in the case of a bare chas-

sis, because the 646-B is contained 
in a handsome steel cabinet, finished 
in accordance with broadcast-station 

LICENSED UNDER ARMSIRONC PATENTS 

requimments in two-tone green 
enamel and chrome. 

Best of all, the custom installa-
tion engineer and the customer, too. 
have the assurance of trouble-free 
performance demonstrated by 646-B 
receiver-amplifiers at commercial 
broadcast stations and FM relay 
networks, where dependability is the 
prime requirement. 

Audio engineers and custom de-
signers are invited to write for tech-

nical data, and information about 

prices and deliveries on the RE!, 
646-B FM receiver-amplifier. 

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

RADIO ENGINEERING LABORATORIES Inc. 36-40 37th STREET 
LONG ISLAND CITY 1, N Y 
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liard-to-Get Items 

for the 

FAS AUDIO SI( STEM 

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 speaker 
matching. Specify 8 or 16 ohms impedance. 

Item No. 3: $ 12.50 

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 speaker matching. 
Specify 8 or 16 ohms impedance. 

Item No. 4: $22.50 

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. 

$149.50 

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 Ipparalus Co. 
South Egremont Massachusetts 

Low Power 
Radiotelephones 

for Industrial and 
Railroad 

Communication 

MOBILE units for all 
moving equipment 
operated within the 
plant area. 

PORTABLE units 
for all services 
requiring com-
munication with 
men on foot. 

AC units for use 
at fixed loca-
tions, and for 
the control point. 

25 to 50 & 152 to174 mc. 

LOW POWER 2-WAY RADIO 
LIMITS RADIATION TO THE 
APPROXIMATE PLANT AREA. 
GIVES GOOD COVERAGE 
WHERE WANTED, WITH 
MINIMUM INTERFERENCE TO 
OTHERS OPERATING ON THE 
SAME FREQUENCY 

Communication Equipment 
& Engineering Co. 

TELEPHONE EQUIPMENT MANUFACTURERS 
SINCE 1930 

5646 W. Roce Ave., Chicago 44 
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Model MD-25 Universal FM Modulation Monitor 
covers all frequencies from 30-50, 72-76, 152-162 mc. 

Fur Mobile Radio System Maintenance 

Universal FM Modulation Monitor 
With this moderately-priced, precision monitor, you can 
keep your fixed and mobile transmitters within the 15-kc. 
limit "required by FCC rules now in effect. 

Operat•  is very simple: The multi-range band selector 
is set at the proper band, and the untnodulated transmitter 
carrier is tuned in precisely. Then the carrier is modulated 
by voice or an audio oscillator, and the frequency swing 
read directly from the 4-in, panel meter calibrated to 20 
ke. A flasher indicates modulation peaks in excess of 15 
ke. The instrument can be set up at headquarters, and the 
ears cheeked without bringing them into the shop. NOTE: 
No cr.stals are used in the BROWNING Modulation 
Monitor. 

The new BROWNING Universal FM Modulation Monitor is an outstanding addition 

to the complete line of BROWNING Frequency Meters which llave been recognized 

as standard equipment for all communications services for over ten years. 

Browning Frequency Meters for Mobile Services 
MODEL S-4 

Calibrated at ally 1 to 5 points within 
the band of 1.5 to 70 mc. Hand-cali-
brated crystal control accurate to .0025 
per cent as required by the FCC. So 
easy to use that any fixed or mobile 
trans tt er can be checked in 60 
seconds. Rugged construction, as illus-
trated, will withstand years of use. Built-
in, regulated power supply for 110-115 
volts AC or DC. 

MODEL S-7 

Calibrated at 1 or 2 points within the 
bands of 72 to 76 and/or 152 to 162 
me. For systems operating on either or 
both of the two bands indicated. Hand-
calibrated ers ItIl control accurate to 
.0025 per rent as required by the FCC. 
Similar in design and ease of operation 
to the model S-4 illustrated here. Built-
in. regulated power supply operates on 
I 10-115 volts AC or DC. 

MODEL S-5 

Calibrated at any 1 to 3 points within 
the band of 30 to 500 me. This semi-
portable meter, not illustrated, is main-
tained at an accuracy of .0025 per cent 
by the use of a temperature-controlled 
crystal and a temperature-compen-ated 
eleetron-roupled oscillator. Furnished 
in a steel case or for rack mounting. 
Front panel tOi by 19 ins. For use on 
105-115 volts AC. 

IMPORTANT INFORMATION 

The accuracy of any BROWNING fre-
quency meter ran be checked in the 
field with WWN. standard frequency sig-
nals. because the cr, sial frequencies em-
ployed are subinultiples of WWV. This 
essential feature is not found in other 
communications-type nt eter s. The 
BROWNING R11-10 WWV calibrator is 
designed specifically fier purpose. 

LABORATORIES, INC. 
WINCHESTER, MASS. 

IN CANADA, ADDRESS: 

Measurement Engineering, Ltd., Arnprior, Ont. 

November 19:7)0-- -formerly Fill, (Ind II IZ pr.) I.:LEcTitoxi( 

BROWNING LABORATORIES, inc. 
750 Main St., Winchester, Mass. 
Please send me technical details and prices on the following 
Browning precision products: 
D Model MD-25 Universal Modulation Monitor 
D Frequency Meters, calibrated at the following frequencies 

 mc tY1 C mc MC 

Name   

Address   

Company Connection   

:37 



MODULATION MONITOR 

tvrvs,_. THE HIGHEST GAIN 
COMMUNICATIONS 

ANTENNA EVER BUILT! 

• 

• 

lee," 
1111111111tiodEf 

VIM* Itrer.re 7-1 
VERTICAL RADIATION PATTERN OF TYPE 300 0 ANTENNA 

Actually delivers 6 db   
increases your power 4 times! 
Now, for the first time, you can operate in areas previously 
far out of your reach. This vast extra service area is yours at 
no additional operating cost because the 6 db actually delivered 
by this new ANDREW antenna is equivalent to increasing 
your power I TIMES! Think of the economy! This tremendous 
extra power also fills in any dead spots. 
It's another pace-setting ANDREW "first". 
Uniformityt performancg is assured regardless of supporting 
structure height through a NEW EXCLUSIVE ANDREW 
METHOD of electrically isolating the radiating elements 
from the support structure. 
Lightning protection and quieter reception during electrical 
storms are achieved by a DC path which conducts static charges 
from the elements to ground. 

SPECIFICATIONS 
148-174 MC 

TYPE NO. 3000 3001 

Gain 6 db 6 db 

Height above top of tower 27 1/2 ft 27 1/2  ft. 

Length of support mast 

extending into tower 5 t̀. 5 ft. 

Weight 625 lbs. 375 lbs. 

Moment at tower top' 9300 ft. Ib. 6150 ft. Ib. 

3002 

3 db 

13 1/2 ft. 

5 ft 

175 lbs. 

1600 ft. Ib. 

'Based on 100 mph wind loading and V," radial ice. Moments include loading 
added by 300mm beacon for Type 3000 and double obstruction light for Type 3001. 

Type 3000 is designed to support o 300 mm code beacon, and includes a suitable 

mounting plate. Type 3001 is designed to support a double obstruction light. 

All models are designed for connection to ANDREW Type 737 transmission line, 
and are provided with climbing steps. 

All orders filled chronologic-
ally. Deliveries begin Septem-
ber 1. Write, wire or phone 
(ask for Mr. Bickel) today. 

363 EAST 75,6 STREET • CHICAGO 19 

WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS 

TRANSMISSION LINES FOR AM•FM•TV • ANTENNAS • DIRECTIONAL ANTENNA EQUIPMENT 
ANTENNA TUNING UNITS • TOWER LIGHTING EQUIPMENT • CONSULTING ENGINEERING SERVICES 

('ott/i rom page 15) 

criminator output, and provides a more 
sensitive indication of exact tuning than 
when ill the limiter grid circuit. 
When SI is in the PEAK SWING position. 

the meter circuit is that of an AC VTA'M 
connected to the discriminator output. 
inee the AC output of the discriminator 

is proportional only to carrier deviation. 
the meter can be calibrated directly in 
kilocycles deviation. 
The meter amplifier is a straight audio 

stage, provided with a gain control. R3 
determines the sensitivity of the meter 
anti is. therefore, a calibration adjust-
ment. It is fixed so that a deviation of 
O kc. provides full-scale deflection. This 

control and RI, the zero-set control on 
the bleeder network, are located on the 
rear panel. 

Following the meter amplifier is a 
diode-connected triode stage used as a 
rectifier. A .05-mfd. capacitor filters the 
rectified AC to its peak value. The recti-
fier circuit also acts as a pulse-stretching 
network, permitting peak readings of rea-
sonably short-duration pulses. 
The peak-flasher indicates pulses too 

short to be read on the meter. The dis-
criminator output is coupled to the non-
conducting half of a one-shot multi-
vibrator. When an audio peak of suffi-
dent amplitude to overcome the bias oc-
curs, the second triode section is cut off. 

! This raises the voltage across a neon glow 
tube and causes conduction. Whets the 
initiating pulse is removed, the circuit re-
turns to its original condition, the plate 
voltage of the second triode section drops 
sharply, and the neon lamp is extin-
guished. 
The bias on the first triode section is 

determined by its cathode resistance. 
Thus, the setting of R5 determines the 
pulse-amplitude necessary to trigger the 
peak flasher circuit. This control, on the 
rear panel, is usually adjusted so that 
peaks representing 15 kc. deviation are 
just sufficient to cause flashing. 

Power Supply: 

A full-wave rectifier circuit, with a re-
sistor input and pi-section filter follow-
ing, provides B voltage with very low 
ripple content. In addition, voltage regu-
lation is employed for the RF, oscillator. 
and mixer stages, the meter amplifier. 
and the meter cathode follower. 

Miscellaneous Notes: 

The MI)-23 modulation monitor is en-
closed in a steel case provided with ven-
tilation louvres. Front panel is of 1/8-in. 
aluminum. The panel and chassis as-
sembly can be removed from the cabinet 
by taking out four 10-32 screws, in case 
rack mounting is preferred. 
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einsfanb Communication cuts our ccsfs 50% 

Cost control in communications 

means more profit per cab to the Bert 
8z Steve Cab Company, largest fleet in 

Fort Worth, Texas. The five owner-
partners of the business tell you why: 

"Since installing G-E 2-way radio 
in our 74 cabs, we've cut our monthly 
communications bill by $ 300. Aver-
age maintenance cost per mobile unit 
over the entire system is now only 

$4.30 a month, and this includes the 
salary of our own radio technician. 

boosts short haul traffic in residential areas r 
"The G-E system has completely elim-
inated wasteful cruising. Radio speeds 
customer service, permits us to operate 
profitably in suburban areas we couldn't 

touch before. With two fixed trans-
mitter stations and 74 mobile units, 
we're handling 3,000 messages a day, 
or upwards of 100,000 a month. 

Naturally, we're adding more cabs to 
the fleet . . . and every one will carry 
General Electric 2-way radio." 

This bulletin tells you... 
why G-E is your best buy in radio 
communication equipment. Write for 
your copy of Bulletin X55-024—there's 
no charge. General Electric Company, 
Section 43110, Electronics Park, Syra-
cuse, New York. 

- ----fee, 

caezA dreee cenfrwee • 

GENERAL 

Atleatrett2 Watts Peak Audio 

'1t Intaeinibeengeous Modulation 

%11a:ta tuc 

to IF bea infee)° tr°1 
%Met or rubes 

Catt Per Set af rnP rubes Less than 9 
battery 

.rain 62dby 

Spfruereioeueseliation at any 

L°W Pas, Harmonic 

Yes 

Yes. 

db 

Ne 

Yes 

No 

26 

$43.58 

No 

60 db 
i the bah, h 

only 

No 
60 db 

ELECTRIC 
No 
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SUPERIOR REPRODUCTION WITH WHAT'S NEW THIS MONTH 
(Continued from page 13) 

TRANSCRIPTION ARMS 

N EW VISCOUS-
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, 2 1/2 -mil or 3-mil cartridges or Pickering cartridge to 
be slipped into position in a jiffy. No tools or solder! Superb reproduction of 
33 V3 , 45 or 78 r.p.m. records. Low vertical inertia, 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., Inc. 
20 Arbor it., Hartford I, Conn. 

Division of The GRAY MANUFACTURING COMPANY 

Originators of the Gray Telephone Pay Station and the Gray Audograph 

CBS is using the Commission as a front 
to confuse the public and to disorganize 
the sale of TV sets just as the peak sea-
son of sales is approaching. Said Mr. 
Stanton: 

". . . present set owners can get the 
new color programs by having their sets 
adapted—that is, adjusted so that they 
can receive the color programs in black 
and white. This can be done either by 
the addition of an external adapter at 
a cost of perhaps $30 to $50 plus installa-
tion, or it can be done for somewhat less 
thamigh in changes in your present 
sel by a competent service man. 

"Unless you have actually seen color 
televisi(m—and I hope many of you will 
see it soon—it is hard to imagine just 
how exciting it is. The seven members 
of the Federal Communications Commis-
sion, whose job is to analyze and weigh 
the problem as representatives of the 

it il  said, in their official report: 
— The testimony and demonstration 

in these proceedings leave no room for 
doubt that color is an important improve-
ment in television broadcasting. It adds 
1,0th apparent definition and realism in 

Pi(tures- It opens Ill) whole new fields 
for effective broadcasting, rendering life-
like and exciting scelles where color is 
of the essence— scelles which in black-
and-white television are avoided or, if 
telecast, have little alipeal.' 
"And less than a month ago, FCC 

Commissioner Frieda Ilennock said of 
coh)r television: 

" ' Until you have seen it you will not 
be able to grasp fully how significant a 
development this really is. It will bring 
a pictorial splendor right into your home. 
But it is important, aside front its beauty. 

in the new vistas of programming which 
it opens up. The entire field of fine art 
is automatically made a television sub-

ject. Color will make meaningful many 
subjeets which would be drab in mono-
chrome. It really adds a new dimension 
to television and it is impussible to ex-

¡ press in quantitative terms the amount 
of additional intelligence \\ Iiich it can 
convey.' . . . 

It is also clear that television manu-
facturers had more than enough time to 
prepare themselves. All the information 

for example about the CBS system which 
was put into the official record of the 
hearing has lwen available to everyone in 

the industry. 
"In addition. over 7 months ago, CBS 

furnished sets of almost 100 detailed 
drawings and plans for cadi of 54 tele-
vision manufacturers — over 3,000 draw-
ings in all — showing how to make equip-
ment for the CBS system. 

(Continued on ¡me IC) 
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Two more good reasons why 
MICROPHONES are the Field-Proved 

Standard in Mobile Communications... 

POLICE 

RAILROADING 

TAXI 

BUS 

TRUCKING 

MARINE 

EMERGENCY 

OIL 

MINING 

COMING! 

"The M agazine 
iii t, for Audio-philes" 

Subscribers to MCC Interstate network in 
northeastern U.S., are the Ray Nathan 
Oil Co., and Lane Refrigeration Co. Service 
trucks are equipped with 2-way radios for 
faster service to companies' Oil Burner and 

One block from Union Station. 
Convenient ro all ottractions 

Moderate priced dining room **** 
Cocktail Lounge. All outside r** 
rooms with both-43.5010 S8.0 J Il L}Jii 

phone 

LONG BEA CH 

3362 

RE'Rlf,;ERATIONCŒ 

SALES & SE1ME 

Refrigerator customers, respectively. Shure 
100 Series Carbon Microphone is used for 
durability.. . dependability .... high speech 
intelligibility. 

Patented l'y Shure Ftrothers, Inc. 

SHURE BROTHERS Inc.  
Microphones and Acoustic Devices 

225 West Huron Street Chicago 10, Illinois 
Cal;:e Address: SHUREMICRO 

NOW! A 6-VOLT MOBILE FM 

RECEIVER COVERS ALL 2-WAY FM 

RADIOTELEPHONE COMMUNICATIONS 

The New MONITORADIO Model M-101 is a complete receiver 
. Not a converter! Designed for use n areas where trans-

mitters operate on a frequency of 152 to 162 megacycles—this 
Mobile FM Radio is well engineered and built of quality ports 

to give long, trouble-free service. For full technical in,ormot•on, 

see your parts jobber or write us today! 

41.11.--')1111e 

MONITCIRA 010 

RADIO APPARATUS CORPORATION • INDIANAPOLIS 3, INDIANA 

$ 725° 
NET 

PUBLISHED BY MILTON B. SLEEPER, GT. BARRINGTON, MASS. 
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FOR AM, FM, 

UHF, VHF, 

MICROWAVE, 

TELEVISION 

AND RADAR 

Emsro Towers 
are available for 
all types of 
broadcast and 
comunication 
service. Backed 
by years of fabri-
cating experience. 
Emsco towers 
are engineered 
for safety, per-
formance and 
economy. Bolted 
construction 
and hot dip gal-
vanizing insure 
long life, low 
maintenance cost 
and maximum 
electrical 
conductivity. 
Self-supporting 
triangular and 
square towers 
and guyed 
triangular towers 
are available in 
heights up to 
1,000 feet with 
wind loadings 
up to 60 lbs. 
RMA design. 

There is an 
Emsco Engineered 
Tower to meet 
your needs. 
Write our Houston 
plant for bulletin. 

EMSCO DERRICK 
& EQUIPMENT 
COMPANY 
Houston, Texas 
LOS ANGELES, 
CALIFORNIA 
Garland, Texas 

4 
Shown here is 
an Emsco 
face. 160', type 1 
RT Radio Tower 
with 30 lb. wind 
loading rating. 

WHAT'S NEW THIS MONTH 
(Continued from page 40) 

"For reasons of their own, many manu-
facturers failed to use this information to 
prepare for the action which the Com-
mission has now taken and which at the 
very least has been a strong possibility 
for many months. 
"At this late date some of the manu-

facturers are complaining that the•oolor 
decision will harm their business. The 
fact is that any harm which may result 
will be due to their own lack of activity, 
their refusal to plan ahead, and their cur-
rent efforts to confuse the public with 
belligerent and misleading statements. . . 
"The charge that the CBS system is 

'mechanical,' was dismissed by FCC 
Commissioner Robert Jones as a myth. 
The plain fact is that CBS is not a me-
s.hanical system. . . 
"The picture-size limitation criticism is 

imt valid either. There is no picture size 
limitation inherent in the system. Large-
•ize projection pictures have already 
I well demonstrated. .. 

". . . if the manufacturers give you 
their word that there will soon be avail-
able adapters and converters for the par-
ticular black-and-white sets which you 
are considering, you will have protection 
against obsolescence. 
"On the other hand. I want to point 

out that it will be somewhat cheaper and 
more satisfactory to buy a black-and-

' white set which is already adapted, so 
that it has built-in compatibility. Fur-
thermore, a new combination color and 
black-and-white set may be somewhat 

expensive and will be more satisfac-
tory than an ordinary black-and-white 

. set adapted and converted for color. 
"Therefore, if you wait for, say, six 

months, you may save some money, and 
you will have a self-contained set with 
built-in compatibility and built-in color. 
On the other hand, if you buy an ordin-
ary black-and-white set now, you will lw 
able to enjoy the black-and-white pro-
grams being broadcast. But, if you do 
buy such a set, buy only from a manufac-
turer who will give you positive assurance 
that there will soon be adapters and con-
verters which will enable you to get 
color." 
RTMA promptly requested time on 

the CBS net to present the set manu-
facturers' point of view, and on October 
12, president Robert Sprague, speaking 
with all the assurance of an old-timer at 

,• microphone, said in part: 2 
"Last Sunday, Mr. Stanton said that 

manufacturers are trying to create the 
impression that the public's investment 
in television sets is about to be wiped 
out. 

"I don't know any manufacturer who 
(Concluded on page 43) 

THE NEW Improved 
MODEL 3HW-A 

Workshop Antenna 
will ... 

More than triple the 

effective power of the 

transm itter. 

Increase the effective 

power of the mobile 

transmitter. 

Increase the operating 

a Jea 

Permit the use of low 

power, low cost equip-

ment. 

Workshop High-Gain 

Beacon Antennas are de-

signed specifically for the 

152-162 megacycle band 

—taxicab, fire, police, 

and private fleet com-

munications. 

Design Features 

• Low angic ot radiation 

( oncentrates energy on 
the horizon. 

• Symmetrical design 
makes azimuth pattern 
circular. 

• Can be fed with various 
types of transmission 

lines. Special fittings 

are available for special 
applications. 

• Enclosed in non-metallic 
housing for maximum 
weather protection. 

Available for immediate 
delivery through author-
ized distributors or your 
equipment manufacturer. 

THE 

WORKSHOP 
ASSOCIATES 

INCORPORATED PAT, APP. FOR 

Specialists in Iligh-Frequenry Antennas 

13 5 CRESCENT ROAD 

Needham Heights 94, Mass. 
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WHAT'S NEW THIS MONTH 
(ConFnued from page 42) 

believes that. I don't know any manu-
facturer who has said anything like that. 
In fact, because of the many fine tele-
vision programs that are coming on the 
air this fall, I believe that present black-
and-white television sets are a better in-
vestment today than ever before... 

"It is true that the manufacturers 
could not believe, until it actually hap-
pened, that the Federal Communications 
Commission would approve a non-com-
patible color system. They believed, and 
still believe, that the action was un-
wise. . . 
"There are two primary reasons why 

we believe black-and-white programs will 
continue to provide the best television 
entertainment for years to come. One is 
our profound conviction, the FCC to the 
contrary notwithstanding, that the right 
kind of color television system simply 
isn't here yet. The second is an equally 
firm belief that black-and-white television 
will never be obsolete, even when a sound 
color system has been developed... 
"CBS has promised it will broadcast 

20 hours of color per week, but most of 
these broadcasts apparently will be in 
fringe hours, when the average person is 
at work or asleep, and will not include 
the popular evening programs. 
"And remember that this broadcast-

ing schedule, in all probability, will be 
undertaken by only one of the nation's 
107 television stations, or at the most, 
by those affiliated with CBS. 
"To my knowledge, no other television 

station has, as yet, indicated any intent 
or desire to broadcast even one hour of 
color per week. 
"The reason for their caution is, of 

course, that the CBS system is non-com-
patible with present black-and-white 
broadcasts. The minute any station puts 
on such a color program, it loses its en-
tire audience for that period, except for 
the people who will have bought adapters 
or converters to tune in on the non-com-
patible color broadcast... 

"But, are these adapter-converters go-
ing to be a mass production item? 
"CBS and FCC currently believe they 

will, and I believe that both parties are 
sincere in saying so. But I point out that 
neither CBS nor FCC has ever been in 
the manufacturing business; they have 
never sold radio and television equip-
ment to the public. So I am more in-
dined to take the opinion of the set mer-
chandisers. who know by long experience 
that the public, especially the housewife, 
(loes not want any extra gadget or gadg-
ets on her receiver, whether for radio 
or television." 

'Copies of the full text can he obtained by writing 
Radio-Television Manufacturers Assn.. 131.7 F St., 
N. W.. Washington, D. C. 

cve  le I CI 
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Yes—let's not go hog-wild on adver-
tising claims—after all, anyone 
with a dictionary can put a lot of 
words together and sound superior. 

But—for superior sound—only 
—the users of Soundcraft products 
are in a position to prove, for 
yourself, the consistent top-quality 
performance of all Soundcraft 
recording media—whether 
tape, discs, or styli. 

All this advertisement can 
accomplish is to get you to try 
Soundcraft products. 

Only by actually using Soundcraft 
constantly can you demonstrate, 
to your own satisfaction, the 
consistently better performance 
Soundcraft has to offer the 
recording industry. 

SOUNDCRAFT'S ONLY CLAIM IS 

ITS PROOF OF PERFORMANCE 

Dear Soundcraft: 

Please send your recording media catalog. 
Our favorite disc distributor is_   Nome 

Address 

REEVES — 20 YEARS WITH SOUND RECORDING MEDIA." 

REEVES ÇOURCIC7Lat CORP. 
35-54 36th STREET, LONG ISLAND OITY 6, N. Y. 

EXPORT—REEVES EQUIPMENT CORP. • 10 E 52N0, N. Y. 22, N Y 
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RADIO 
ENGINEERING 
LABS., Inc. 
PIONEERS IN THE CORRECT USE OF 
ARMSTRONG FREQUENCY MODULATION 

722 RECEIVER FOR FM NETWORKING 

For Any Specified Frequency from 88 to 108 Mc 

Model 722 is the result of an REL engineering project 

devoted to the study of operating conditions encountered 

in FM broadcast networking on 88 to 108 mc., and to the 

design of a fixed-frequency receiver for this specific service. 

Thus the REL 722 incorporates features that are not available 

in any general-purpose FM receiver. It has a crystal-con-

trolled double superheterodyne circuit of extreme sensitivity, 

with frequency response flat within 1/2 db from 50 to 15,000 

cycles. Distortion is less than 1/2% RMS. Spurious response 

is more than 70 db below the desired signal. All components 

are designed conservatively for conti peration. 

Each receiver is adjusted to reject harmonic interference on 

the frequencies of transmitters adjacent to the location where 

it is to be installed. 

The complete receiver and power supply, as illustrated, are 

mounted on a standard rack panel 19 ins, wide by 121/4 ins. 

high. Deliveries are now being made on the REL model 722. 
For engineering data, price, and delivery schedule, write. 

Engineers and Manufacturers of 

Broadcast, Communication, and 

Associated Equipment since 1920 

RADIO ENGINEERING 
LABORATORIES, Inc. 

MOBILE RADIO NEWS 
(Continued from page 20) 

it is unfortunate that a more concisepres-
entation of the rules could not have been 
developed by the FCC draftsmen. 
The definition of the terni "watch" 

suggests the style in which the proposed 
Rules were written. That simple term 
is defined in the following language: 
-Watch. Tin. act of listening for or to 

sound produced by a telephone receiver 
when the electric wave energy at audio 
frequency supplied to the telephone re-

VI 'r-

results from simultaneous inter-
ception :itid detection of Ilertzian waves 
of a designated radio frequeiwy or fre-

quencies. and 
(2) is substantially equivalent in fre-

quent' to the audio freqiii•ncy or fre-

quencies generatetl by detection of the 
intercepted Hertzian waves. -
To the thousands of ship radio users 

who regarded " watch" as a speeified pe-
rital of vigilant radio listening, the fore-
g(iing definition it represents 
the neatest trick of the iveek. Well, one 

the neatest. 

Miscellaneous Notes: 

The FCC has issued a proposal relaxing 
the exi›ting requiretnents for control-
point monitoring facilities on mobile sta-
tions installed on motorcycles in the 

Public Safety Radio Services. The new 
Registry of Transportation Services pub-
lished by FM- TI . should prove extremely 
useful to all taxicab companies contem-
plating new radio installatitms, and to 
mobile systems engineers generally, in 
selecting frequencies for new facilities. 

(Continued from page 25) 

proposal. Surely, this would be more 
timely t han after a hearing at some sub-
sequent date. and the Commission then 
decided to adopt bracket standards. If 
mull a conference did not result in a 
practical solution of the problems 1 have 
discussed, I would then join the majority 
in authorizing the field sequential system. 

IL as the result of a hearing at some 
later dati. bracket standards are adopted 
by the Commission. manufacturers will 

faced with the problem of redesigning 
an/I re- tooling in order to build such cir-
cuitry in receivers. Such a course of 
:irtion on the part of the Commission 
will serve to slow up production, place 
hardships on manufacturers, and will 
compomid the confusion in the public 
mind. particularly those of the public 

that purchase a color receiver having dual 
standards, since they will then possess re-
ceivers which will be unable to utilize the 
improvements made possible by the 
adoption of bracket standards. In the 

(Continued on page 47) 

Screwball Starts 
New Racket 

Pay-off to Radio Stations and 
Transcription Companies 

NoTomous disc and tape man, 
Al Travis, now independent, 

is currently offering his BESCO line 
of professional quality discs and 

tape selected to please discriminat-
ing broadcasting and transcription 
recording engineers. The name 
BF,SCO is a condensation of Broad-
cast Engineers' Specialty Co., which 
while an appropriate name is none-
theless quite a mouthful. 

Variations in behavior of discs 
and tape being as they are, Al buys 
film] the manufacturer of the best 
merchandise of the moment. and 
sells it to YOU at some most happy 

reducti(ms. For example: 
le "PRO- Double Face Di›c,. 

Each ....$ 1 3!) 
12" "PRO" Double Face Discs 

 83 

Red Oxide, Plastic BasEea' agnetic 
Tape. -1,200 ft 2.95 

(plus up to 60 rt. overrun) 
Sapphire Resin' rp Service 1.49 

(nne week plus travel time) 

Al says any radio station or stu-
dio, no matter how small its con-
sumption, can steal this stuff at 
these prices by simply sending a 
check. He guarantees 24 to 48-hour 
shipment, and he PREPAYS. 

In addition to the above, Al says 
there are lots of other horrors in 
the line from special-purpose discs 
to tape-editers. Descriptions, guar-
antees, prices, and terms are shown 

in current BES(70 dope sheets and 
price lists ( subject to change WITH 
notice). This propaganda is all free 
for asking with the coupon below. 
If you clip and send it, Al promises 
that you'll get the most interesting 
mess of mail since Truman men-
tioned the Marines. 

BROADCAST ENGINEERS' SPECIALTY CO. 
101-38 121st St. 
Richmond Hill 19, N. Y. 

Dear AI: 

n We wanna live dangerously, so please note 
dough enclosed and ship our trial order of, 

DISCS 

TAPE 

Ili We are suspicious, so please send us dope 

sheets, price list, etc. 

Company . 

Address 

Signed 

TEL.: STIUWELL 6-2101 TELETYPE: N. Y.40816 

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



now color tv for industry! 

'T HE kMONT TA-164A 
4110Matel 

NDUSTRI 

Now available! The Du Mont triec-and-proved industrial 
color television system in a complete, packaged, reJciy-
to-operate form. Designed specifically for industrial 
cpolications,the new Du Mont TA- 164A Industrial Color 
TV System provides bandwidti of 18 mc. and picture 
resolution of 525 hr es. Full high-fidelity color from light 
pa;tels to deep colors. 

Engineered to provide dependab e day- n day-out serv-
ice required by industry, research, medicine, merchan-
dising and countless other fields. Compact, lightweight, 
portable units cre ¡oined by interconnecting cables uti-
lizing the famous Du Mont " Jiffy" connectors assuring 
complete flexibility and the CuMory kind of depend-
ab.lity. May be plugged into power line anywhere. 
Opertes on 110-volt 60-cycle AC. 

mr.sdis ON REQUEST 

.4 4-ea . ALLEN B. DU MONT LABORATORIES, INC. 
—7e 714Z , 71/.;:t..efetrIC Television Transmitter Division, Clifton, N. J. 
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AMPHENOL LEADS AGAIN 
The new "Auto•Diar is made by the originators 
of the famous AMPHENOL "Inline" TV Antennas. 
The same precision- manufacturing and quality 
materials will be found in the " Auto- Dial." The 

rotator is lightweight and attractively styled yet 
ruggedly built for years of trouble-free service. 
The "Auto- Dial'' Control Unit is gracefully 

designed to blend with any decor. 

See the completely New AMPHENOL "Auto-Dial" 

Rotator at your Jobber— or write for illustrated 

folder-

/toe e 
koiTAGE RECUL ATO  

THE SUPERIOR ELECTRIC COMPANY 

HAS A STABILINE FOR YOUR NEEDS 

If you're looking for dependable automatic 
voltage regulation, investigate STABILINE 
first. You'll save time and money — you'll 
get longer service through better design and 
construction — you'll get performance and 
operating characteristics as advertised. 

AVAILABLE IN 2 TYPES 

STABILINE Type IE is in-
stantaneous and completely 
electronic in action. Keeps 
output voltage to within 
±0.1% of preset value re-
gardless of wide line varia-
tions; to within ±0.15% 
regardless of load current 
or power factor changes. 
Waveform distortion never 
exceeds 3%. STABILINE 
Type 1E is available in cab-
inet or rack mounting 
models — in numerous 
ratings. 

TYPE EM4102 

TYPE IE 

PORTABLE 

STABILINE Type EM 
(Electromechanical) fea-
tures zero waveform distor-
tion, insensitivity to mag-
nitude and power factor of 
load, no effect on system 
power factor; no critical 
adjustments. It is available 
in output ratings up to 100 
KVA — for single and for 
3 phase operation. 

STABILINE Types IE and EM perform "as 
advertised". Each and every STABILINE 
Automatic Voltage Regulator is inspected 
and tested to the most rigid specifications. 
If — after you purchase a model of either 
type — you would like a copy of the in-
spection and test report, write us and a full 
report will be sent promptly. 

WRITE US TODAY FOR FURTHER DETAILS ON 

THE STABILINES 

911 MEADOW STREET, BRISTOL, CONNECTICUT 

THE SUPERIOR ELECTRIC c 
BRISTOL, CONNECTICUT 

SL 

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

POWERSTAT VARIABLE TRANSFORMERS • VIILTBOX A-C POWER SUPPLIES • STABILINE VOLTAGE REGULATORS 



THE COLOR DECISION 

(Continued from page 44) 

event that such improvements result in a 
change in scanning rates which fall out-
side the scope of the dual standards here 
adopted, those sets will be incompatible. 
The Commission proposed a way to 

keep the door open for demonstration of 
new systems, improvements of existing 
systems that came to light after the hear-
ing record had closed, and demonstrations 
of the CBS system on large-size, tri-color 
tubes of two or three manufacturers. Be-
cause the Commission would not take 
time to discuss with representatives of 
the industry who indicated a willingness 
to cooperate, the door has been closed. 
In its First Report the Commission 

stated: 
"Since there was no demonstration on 

the record of a direct view tri-color tube 
on the CBS system, the record does not 
contain a definitive answer as to whether 
direct-view tubes larger than 121/2 inches 
are possible with the CBS system. Thus 
two difficult courses of action are open to 
the Commission. The .first course of ac-
tion is to reopen the record and to have a 
demonstration on the record wherein a 
tri-color tube or other technique for dis-
playing large size direct-view pictures 
could be tried out on the CBS system." 
The record indicates that present color 

phosphors such as are used with tri-color 
tubes would not yield the same fidelity 
that is possible from filters as employed 
with the CBS disc receivers. By provid-
ing a reasonable timetable without ser-
iously aggravating the compatibility 
problem, such a demonstration could 
have been made on the record and the 
question resolved once and for all. 
By closing the door at this time the 

Commission also passed up the oppor-
tunity to provide a means of increasing 
the resolution of color pictures by lower-
ing the field rate without objectionable 
flicker through the use of long persistence 
phosphors. 
As the result of the Commission's 

action in immediately adopting CBS 
standards, proponents of new or im-
proved systems must now look to an ex-
perimental license to do their testing and 
demonstrating. The Commission has 
stated in its Second Report a new color 
system or other improvements will have 
to sustain the burden of showing that im-
provements which result are substantial 
enough to be worthwhile when compared 
to the amount of dislocation involved to 
receivers than in the hands of the public. 

Therefore, we see that the public and 
industry at some later date again may be 
faced with the problem of compatibility. 
The door also has been closed on the 

opportunity of taking one more look at 
(Concluded on page 48) 

. 8" 400B 

8" 755A' 

012" 6008 r 

112" 7288* 

4 15" 603B 

0  
r 

Two-way 757 A' 

* Formerly manufactured 

by Western Electric Co., I nc. 

It's 
6048 

...for every speaker need 
Regardless of stringent restrictions or special 

requirements, ALTEC can provide a speaker that 

does the job better ... and more economically. In 

every instance ALTEC speakers prove themselves 

superior with their smooth extended frequency 

response, efficiency, ruggedness and trouble-free 

operation. 8, 12 and 15 inch single and diacone 

speakers ... the famous 15 inch two-way "Duplex" 

. . complete two-way systems suitable for the 

largest installatiois . . . and horns for every con-

ceivable application. 

... always the finest 
Next time you purchase a speaker don't just com-

pare price unit for unit. Instead, compare the 

truthful way, result for result. If you study what 

you really get for your investment . .. in quality, 

efficiency and trouble-free service, you will find 

that ALTEC is always the best and most economical 

investment for your audio dollar. 

DEALERS EVERYWHERE 

9356 Santa Monica Blvd., BeverIy Hi Is, Calif. 

161 Sixth Avenue, New York 13, New York 
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• 
• Shown: 

Bliley type 
Crystal Oven with 
Bliley type SHO 
crystal PRECISION. . . 
IP EVELOPMENT . . . QUALITY! 

When the end use is military . . . 

Bliley crystals are combat veterans. 

Military specifications demand pre-

cision . . . development . . . quality. 

.These factors are basic with Bliley— 

the top choice for 20 years. 

leatre ,RYSTALS 
BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING 

ERIE, PENNSYLVANIA 

THE COLOR DECISION 

(Continued front page 47) 

compatible systems before moving to 
adopt an incompatible system with all its 
attendant problems as they relate to the 
10 million receivers that will be in the 
hands of the public by the end of the 
year, as well as the manufacturers' prob-
lem of production. 

I joined with the majority in the First 
Report with regard to what was said 
about the problems that seemed to con-
front a compatible color system and with 
the conclusion that no satisfactory com-
patible color system had been developed 
at the time the record closed. 
New developments catne fast in the 

closing days of the hearing and immedi-
ately thereafter. 

It was pointed out in the First Report 
that the Commission is aware that the 
institution of the color proceedings stimu-
lated great activity in color develop-
ments. that fundamental research cannot 
be performed on schedule. and that it is 
possible that much of the fruit of this re-
search has begun to emerge. This is con-
firmed by the facts, which include the 
announcement of two new compatible 
systems and by the RCA Progress Report 
of July 31 1950. that the number of dots 
in tlu. RCA tri-color tubes has been in-
creased from 351.000 to 600.000 with the 
attendant increase in resolution. Other 
improvements were also made in the 
RCA system after the record WaS closed. 
I am convinced that it would have been 
prudent to have taken time out to view 
these recent developments before moving 
finally to adopt an incompatible system. 

I find it necessary also to dissent from 
the belief expressed by the Commission 
in the Second Report. and which was not 
in the First Report, in which I joined 
with the majority. In paragraph 12 in 
the Second Report, is the statement: 
"The Commission believes that the 

attractiveness of color pictures may be 
sufficiently great to cause people to prefer 
a direct-view receiver with a 121/2-in. 
tube or a larger-size projection receiver 
if they can get color as against a 16-in., 
19-ill., or larger direct-view receiver that. 
is limited to black and white pictures." 

I do not agree with this belief. I be-
lieve that the rapid acceptance by the 
public of receivers incorporating larger-
size black and white tubes as they moved 
from 7 to 10 to le ins., then to 16 and 
19 ins.. clearly indicates the preference of 
the public for large-size TV pictures. and 
they will not be satisfied with smaller 
pictures because they are in color. Due 
to the fact that color adds so much to 
television both from the program as well 
as the advertising standpoint, both the 
public and the sponsor will demand large-
size color tubes. 

— 

lot CHOICE of 
new station LI applicants. Ç'4 * ist CHOICE of 
station operators. 

*** 

Iii 
0.1 

1st CHOICE of 
Police. Airhnes. 
Government. 
and private 
communications 
systems 

_ . 
There is a reason. VHF. FM, and standard 
AM broadcasters acclaim the structural ex-
cellence and all around low cost of Win. 
charger's performance proven towers. The 
precision of Wincharger vertical radiator's 
patterns is testified by the fact that over one 
hundred and twenty stations are now using 
Wincharger towers in directional arrays 
even six element arrays! Higher quality. 
wider versatility, lower cost have made 
Wincharger antenna towers America's first 
choice. 

WII1CHRRGER 

Sioux City 6, Iowa, U.S .A 
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SWR BRIDGE 
(Continued from page 19) 

an external meter permits carrying the 
bridge in a tool box, and virtually elim-
inates the danger of damage to the bridge 
because of rough handling in field service 
work. A 0- to 1-milliampere meter is 
satisfactory for most applications. For 
precise adjustments at low standing wave 
ratios, however, a microammeter can be 
used. 
The RI.' choke, Fig. 2, is provided to 

complete the DC meter circuit. At fre-
quencies from 1.5 to -12 mc. the reactance 
of the choke is satisfactorily high, and 
has very little effect on the line imped-
ance. At higher frequencies, some error 
might be introduced because of the 
shunting effect of the choke. When split 
radiators are used above 42 mc., it is 
necessary to employ a choke which is self-
resonant near the operating frequency. 

Fig. 3. Calibration chart for SWR bridge 

With antennas having a completed DC 
path, such as the folded dipole, the choke 
can be eliminated entirely. 

Using the SWR Bridge: 

When measuring the SWR in a radiating 

system, the antenna should be installed 
in its intended permanent location. This 
is because the radiation resistance of an 
antenna is affected by its height and sur-
roundings. 
An RF' source of about 5 volts at the 

transmission line impedance is connected 
to JI, Fig. 2, by a short length of cable. 
In most 2-way installations, the trans-
mitter can be used as the power source. 
Coupling should be reduced, however, to 
prevent the application of excessive 
power to the bridge. With a 1-milli-
ampere meter connected to the meter 
terminals and the test transmission line 
disconnected, the coupling is adjusted to 
give full-scale meter reading. Then the 
transmission line is connected to .b2, and 
the meter reading noted. The SWR can 
be obtained by referring to the calibra-
tion chart. Finally, the antenna or re-
ceiver matching device is adjusted to give 
the best bridge balance, indicated by 
minimum meter reading. 

(Concluded on page 50) 

Converters for High Power Factor nae-inductive loads. 
complete line of small, efficient Rotary 

Highest quality ot lowest cost. Immediate delivery! 

* * * SPECIFICATIONS * * 
/ Frame Capacities, 40 ro 250 wads 

Input Voltage Ronge,1,5 volt DC 

Output Voltage Range, 110 to 230 volt AC 
Output Frequency, 50 to 75 cycles 
Average Efficiency, 60 to 70% 
Frequency Tolerance, _--t- 5% 

Frequency Regulation, _±.. 10% no load to full load 
AC re/rage Regulation, 15% no load to full load 

AC Wave Fonn of on con« converters is exception-
ally clean ond usually requires NO Ht.TER on most 

, new/ audio devices. investigate these exclusive features 

la Page illustrated Co,,. 
serte, Catalog o 
hteratu ,.e 49 and 
prod. other Carter 

c s o_ N 3sent  free if re eeite  

on COMpoy gene,heacgisd 

STANDARD SIGNAL GENERATOR 

ah,„siy, 
Standard Signal Generators 

Pulse Generators 

FM Signal Generators 
Square Wave Generators 
Vacuum Lille VoPmeturs 

UHF Radio Noise & Field 
Strength Meters 

Capacity Bridges 
filegotim Motets 

Grid-Cip Meters 
Television and TM Test 

Equipment 

S TAUC$ sits+, if NEW 04 
et ""' " 

sor ;25W5t (.119.4,1011 • 

MODEL 82 

20 Cycles 
TO 

50 Mc. 

IN ONE 

INSTRUMENT! 

FREQUENCY RANGE: 20 cycles to 200 kilocycles in four ranges. 
80 kilocycles to 50 megacycles in seven ranges, plus one blank range. 

FREQUENCY CALIBRATION: Each range is individually calibrated. 
20 cycles to 200 kilocycles, accurate to -4- 5°‘ . 80 kilocycles to 50 
megacycles, accurate to -I- 1 ` o 

OUTPUT VOLTAGE AND IMPEDANCE: 0-50 volts across 7500 ohms 
from 20 cycles to 200 kilocycles. 0.1 microvolt to 1 volt across 
50 ohms over most of the range from 80 kilocycles to 50 megacycles. 

POWER SUPPLY: 117 volts, 50-60 cycles. 75 watts. 

DIMENSIONS: 15" high x 19" wide x 11 3/4" deep. 50 pounds. 

MEASUREMENTS' 
BOONTON 

C • RPORATION 
NIE JERSEY 

CUC'ek.-e DC to AC NOW _Pee" 

Zateete CONVERTERS W'''" " TELEVISION 
FOR 

CARTER th 

RECORDERS 
A new fine of custom des" 

verter, for populo, wire iganndedtacopne. 

zituDtconindpuT TV Receivers for 115 
.recorders for 6, 12, arid 1/5 solo 

2641 M. MAPLEWOOD AU., CHICAGO 47, ILLINOIS 

sup.,  8'4, converser (illustrated) 

long,wide, only 13 lb 
Heavy duty Converter (above 150 watts) 

long, 4'5" wide, only 19 lbs./ 
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look to ALLIED 
for your high-fidelity 

custom sound components 
WORLD'S LARGEST STOCKS 

OF ALL FAMOUS MAKES 

ON HAND 
FOR IMMEDIATE 

DELIVERY 

Altec-Lansing • Audio 
Development • Bell • Bogen 

Brook • Browning • Collins 

Clarkstan • Electro-Voice 
General Electric • Jensen 

Jim Lansing • Knight 
Livingston • Magnecord 

Markel • Masco • Meissner 
McIntosh • National 

Pickering • Presto 
RCA • Rek-O-Kut 

Radio Craftsmen . Scott 
Stephens • Thordarson 
University • V- M Corp. 

Webster-Chicago 

Western Electric 

IF IT'S HI-FI. . . 

AWED HAS IT! 

[Langevin 
TRANSFORMERS 

Langevin 
AMPLIFIERS 

Just name your need in high-fidelity audio 
components—ALLIED will deliver immedi-
ately from the country's largest in-stock 
supplies. Make your selections of tuners, 
amplifiers, speakers, baffles, cabinets, 
record changers, transcription and phono 
equipment, wire and tape recorders, pre-
amps—all the equipment you want, with 
the exact specifications required—at the 
price you want to pay. For everything in 
hi-fidelity sound, depend on ALLIED. 

441,p1 
FREE 1951 CATALOG 
Write today for our complete Buying 
Guide. (Custom Installers... ask to be 
put on our special moiling list.) WE 
STOCK EVERYTHING— FOR IMMEDIATE 
SHIPMENT — ANYTIME — ANYWHERE. 

ALLIED RADIO 
833 W. Jackson Blvd., Dept. 20-1.0 

CHICAGO 7, ILLINOIS 

For broadcast, public ad-
dress, recording, and music 
services — custom designs 
for special applications. 

r41 

Langevin 
 ENGINEERING 

Available for the develop-
ment and manufacture of 
special electronic devices. (de 

Open-core, encased, her-
metically sealed. high-iem-
perature. Built to your own 
or MIL-1-27 ,pecifications. 

For detailed information on our 
products and services, write to 

¡angevin  
MANUFACTURING CORPORATION 

37 W. 65th St., New York 23, N. Y. 

Design Doto 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 
Postpaid 

in the U.S.A. 

ORDER YOUR COPY FROM 

FM-TV Magazine 
Great Barrington, Mass. 

SWR BRIDGE 
(Continued from page 49) 

A SWR of 2 or less after adjustment 
indicates a relatively good match. It may 
not be possible to reduce it even to that 
value. 

Line Impedance: 

The SWR bridge can be employed with 
any coaxial transmission line using stand-
ard connectors. It is only necessary to 
replace R4, Fig. 9., by a resistor equal to 
the line's characteristic impedance. 
Balanced 300-ohm line can be adapted 

simply for use with the bridge. An elec-
trical half-wave of 75-ohm coaxial cable 
is connected as shown in Fig. 4. This 
gives a perfect match to another section 
of 75-ohm coax, which can be of any con-

Fig. 4. Simple adapter for 300-ohm line 

venient length. The bridge is then used 
as though the test line were 75-ohm 
coaxial cable. 

Bridge Calibration: 

A calibration chart, as in Fig. 3, is sup-
plied with each bridge. However, when 
very accurate information is required, the 
user can calibrate his particular bridge 
very easily as follows. Ten resistors, 
each of a value 10 times that of R4, are 
tied in parallel. The resistors used should 
be purely resistive at the RF frequency 
concerned. Then calibration data is ob-
tained in the following way: 
Adjust the RF input for full-scale meter 

deflection with no load. Then connect 
the ten resistors, whose total resistance 
has been accurately determined, across 
12. The meter should read close to zero. 
Note the reading. Then remove one re-
-.Igor, measure the new total resistance 
\\ 1th a Wheatstone bridge, reconnect the 
load, and note the new meter reading. 
This process is repeated until only one 
resistor remains. 
With the information obtained, stand-

ing wave ratios can be calculated for each 
meter reading. The SWR is the ratio of 
the load resistance to R4, if the load re-
sistance is greater than R4. When it is 
smaller than R4, SWR is the ratio of R4 
to the load resistance. Thus, SWR is al-
ways 1 or greater than 1. The measured 
points can be plotted in the same way 
as in Fig. S. 
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TWIN LEAD, TELEVISION 

LIGHTNING 
ARRESTER 

APPROVED for OUTDOOR-INDOOR Use $225 
Protects Television Sets 
Against Lightning and Static 
Charges Twin Lead 

SAFE GUARD 
Simple to install everywhere and anywhere 
...no stripping, cutting or spreading of 
wires. More than 300,000 in use today! 

SEE YOUR JOBBER OR WRITE TO 

MANUFACTURING CO ., Inc. 
612,/ 16th Avenue, Brooklyn 4, N. Y. 

First in Television Antennas & Accessories 

ZOPHAR 
WAXES 

COMPOUNDS 
and 

EMULSIONS 

FOR 

INSULATING and WATERPROOFING 
of ELECTRICAL and 

RADIO COMPONENTS 

• 

Also for 
.CONTAINERS and PAPER 

IMPREGNATION 

• 

FUNGUS RESISTANT WAXES 

• 

ZOPHAR WAXES and COMPOUNDS 

Meet all army and navy 
specifications rf requkred 

• 

.Inquiries Invited 

ZOPHAR MILLS, INC. 
FOUNDED 1846 

122-26th ST., BROOKLYN, N. Y. 

Adair, George P. 10 
Washington, D. C.: Executive 1230 
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Boston: HAncock 6-2339 
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New York City: Algonquin 5-3636 
Beverly Hills, Calif. 
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New York City: Longacre 5-6622 
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Carter Motor Co.   49 
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S-506-Dl 
Socket with 
deep Bracket 

JONES 
PLUGS 8( 
SOCKETS 

500 SERIES 

PreJefeit 

2cialitef 

For 5,000 Volis, 

25 Amperes per 
Contact Alter-

able by circuit 

Characteristics. 

Socket contacts phosphor bronze, knife-switch 
type, cadmium plated. Plug contacts hard brass, 
cadmium plated. 2, 4, 6, 8,10, and 12 contacts. 
Pkg and sockets polarized. Long leakage path 
fromterminal, and terminal to ground. Caps cad 
brackets, steel parkerized (rust-proofed). Plug 
and socket blacks interchangeable in saps and 
brackets. Terminal connections most accessible. 
Cep insulated with canvas bakelite. 

Write for Jones BULLETIN 500 for full 
details on line. 

km HOWARD B. JONES DIVISION 
c NCHIIC A 1.1e:  O24.  ILLI3 NOISIOlAtl ' 

St.Ifil01$3.• Of OffIVII•C•111 fa& aaaaa MP. 

These Rocon tweeters provide clean and uniform response 
to 12,000 cycles, with excellent usable output to beyond 
15,000 cycles. When used with an existing 4-15 ohm 
cone speaker and proper network, will handle 25-30 
watts of program material. Impedance 15 ohms. 

Horns ore cost aluminum, flared for widest distribution pot-
tern. Free wiring diagram and 4-page pamphlet to build 
you.. own economical theatre-type crossover network. 

Model CHU-2 
Crossover: 1000 cycles 
10% ' w, 7"h, 13;,"d. 
List Price: $38 50 

Model CHU-S 
Crossover: 1500 cycles 
uew, r h, 6"d. 
List Price: $30.50 

WRITE FOR CATALOG F. 

ACOUSTICAL 
3 « a e•là 

COC/JC tw. 

EXCELLENCE 
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elom W4144- TV, 

More Proven Performance 
of the Eimac 3X2500A3 

CA . 
ENGINEER' 

SMITE 

The Eimac 3X2500A3 is one of the outstanding vacuum tube 

developments made during recent years. Consistent performance, 
long life, and low cost account for its filling the key socket positions 

in many important recently designed equipments. 

The 3X2500A3 is a compact, air-cooled triode. Its coaxial con-

struction results in minimum lead inductance, excellent circuit 

isolation, and convenience of use with coaxial plate and filament 

tank circuits. For AM service it is FCC rated for 5000 watts per 

tube as a high-level modulated amplifier. It has comparatively low 

plate- resistance, high transconductance, and will provide effective 

performance over a wide range of plate vokages at frequencies 

extending well into the VHF. 

Reports from many engineers, like Mr. Dodd of WFAA-TV, con-

firm the outstanding transmitter performance, simplified mainten-

ance, and low tube replacement cost made possible through the use 

of the Eimac 3X2500A3. Consider this unequalled triode for your 

applications ... complete data are free for the asking. 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

FAA 
Sep te,t, 

El tel-iiaCullough, Inc. 

San Pahnle. California 

Gentlemen. 

thought you might be Intereated In knowing that 

we are ualnz tope 3X2S00,13 tuber In  the finals of our 

hIch channel 71, trunsioltton und re Ire very hap,' .dtà 

their perrornenee. In tacn. re have yet to experience a 

tithe failure alnce we sent an U., mi.. Tee coat x• lvs 

ed 

anti maintenan ce problema *re minlallsed when ualne tbla 
derienseble air cool tube.  

It la • pleasure  r0n me to r000nutond your tine product. 

Sincerely youra, 

4e -e 
Carlo. L. Dodd. 

chief 

"PAA-1,1 

Eimac 3X2500A3 

GENERAL CHARACTERISTICS 
ELECTRICAL 
Filament: Thoriated tungsten 

Voltage 
Current 
Maximum starting current 

Amplification Factor ( Average) 
Direct Interelectrode Capacitances (Average) 

Grid- Plate 
Grid- Filament 
Plate- Filament 

Transconductance (I5= 830 ma., E, = 3000 v.) 

MECHANICAL 
Cooling 
Maximum Overall Dimensions: 

Length 
Diameter 

Net Weight 
RADIO FREQUENCY POWER AMPLIFIER 
Ground-Grid Circuit 
Class-C FM Telephony 
TYPICAL OPERATION ( 110 Mc., per tube) 
D-C Plate Voltage - - - - 
D-C Grid Voltage 
D-C Plate Current 
D-C Grid Current 
Driving Power ( Approx.) 
Useful Power Output 

Export Agents: Frazer & Hansen, 301 Clay St., San Frarcisco, California 

3700 
—450 

1.8 
225 
1600 
6850 

7.5 volts 
48 amperes 
100 amperes 

20 

20 uufd 
48 uufd 
1.2 uufd 

20,000 umhos 

Forced air 

9.0 inches 
4.25 inches 
5.8 pounds 

4000 volts 
—550 volts 

1.85 amps. 
275 ma. 
1900 watts 
7500 watts 

*COMPLETE DATA AVAILABLE FREE 

the 3X2500A3 is another 
Eimac contribution to electronic progress. 
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