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Western Electric
SYNCHRONIZED FREQUENCY MODULATION

RADIO TRANSMITTING EQUIPMENT
504A-1 - 3000 Watts

FREQUENCY RANGE: U2 to 50 Megacycles

A development of Bell Telephone Laboratories, the Research
Laboratories of the American Telephone and Telegraph
' Company and the Western Electric Comnany

Foremost among the problems presented by frequency modulation is that of
stability of the mean frequency. The solution of this problem is fourd in a new
system - SYNCHRONIZED Frequency Modulation - developed by Bell Telephone Labera-
tories and incorporated in Western Electric'™s new Radic Transmitter, the B5044-1.
The use of synchronized frequency modulation has made possible stability of the
mean carrier frequency to better than + 1000 cycles, and compared with the Fed-
eral Communication Commission's requirement of * 2000 cycles.

The mean frequency in a frequency.modulated signal is the total number of
cycles occurring in a second, irrespective of their distribution in time over
this interval. In SYNCHRONIZED Frequency Modulation this total number of cycles
is, in effect,countéa,compared with the number of cycles generated by a precise
fixed frequency standard, and the tuning of the variable oscillator adjusted
mechanically to keep the two always at exactly the same value. However, instead

-of counting millions of cycles each second, the procedure has been simplified

tremendously.by the use of a new technique - frequency divisicn. This permits re-
ducing the frequency to any desired degree. Actually, a frequency of about 5000
cycles or 1/8000 of .the carrier frequency is obtained. This low frequency, an
exact ‘submultiple of the carrier frequenecy, is then compared to the output of a
low frequency crystal oscillator.

Here again another outstanding development, a5 kc crystal oscillator, makes
it possible to utilize the virtues of a quartz crystal in meeting the stability
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requirements applying to the mean frequency in FM transmission. This new low tem-
perature coefficient crystal coscillator hes a stability well under one part in a
million per degree Centigrade, making temrerature control entirely unnecessary.
.This stability is equal to that obtained with the best crystals now in use in
amplitude~modulated broadcasting.

The 504A-1 Radio Transmitting Equipmert consists of an oscillator-amplifier
“urit and a power unit that supplies all DC power required for the entire equirp-
ment. These uniis are completely enclosed in a modern cabinet with access facil-
ities for servicing the parts. Protective switches are provided to remove all
voltages higher than 250 volts when access is required to compartments containing
high voltage apparatus: This protecticn is arranged so that all docrs of the os-
cillator-amplifier unii, except the doors of the power amplifier compartment, can
be opened for inspection without interrupting operation. In the case of the power
urit all voltages above 250 volts are disconnected when either the wmain front
door or rear doors areopened. A blower locaied in the power unii provides filter-
ing air for cooling this equipment. The purchaser is expected to provide suitable
means. for ventilating the operating quarters since approximately 7 kw are dissi-
pated as heat nearly all of it in the air stream. The blower provided with the
604A-1 Radio Transmitting Equipment is designed to deliver approximately 600
cubic feet per minuie but not to overcome the losses on any duct work provided
by tke purchaser to conduct air to or from the transmitting equipment.

Viewed from the front, the power unit is located to the left and the oscil-
lator amplifier to the right. The power unit and oscillator-amplifier are each
provided witha large front docr and tw, rear doors for inspection or maintenance.
The operating controls arennormally concealed but readily accessible under hinged
cevers independent of the large front doors. These controls aremanually operated.
Windows are provided in the front doors for inspection during operation of im-
portant vacuum tubes and apparatus. Four 7" meters are provided. Thece meters are
mounted behind the main front doors that are provided with suitable orenings
through which the meters can be seen. The cabinet is finished in two-tone blue and
¢ray with black trim. The overall dimensions of this equipment are 80" wide x 84"
high x 86-1/4" deep. A minimum clearance of 18" must be provided in the rear and
33" in the front for door swing.

Facilities are provided for termination of either a 7/8" or a 1-5/8" cor-
centric transmission line. Arrangements can be made at aslight additional charge
to connect to another type of line if desired.
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ELECTRICAL CHARACTERISTICS

Freouency Range
42 to B0 megacycles.

When ordering, a single carrier frequency in the ultra-high frequency band
of 42 tc 50 megacycles should be specified. :

Freauency Response

Flat within £ 1 db from 80 to 15,000 cycles per second.

Speech. tnput Llevel

Program level about 0 vu for full modulation of % 75 ke per second. Single
frequency level of + 8§ vu for same excursion.

Distortion

Typical measurements of r.m.s. audio frequency harmonic distortion with a
distortionless #M audio monitor in the frequency range of 30 to 15,000 cycles per
second show less than 1% at a modulation corresponding to # 100 ke excursion of
the carrier. Distortion measurements include all audio frequency harmonics up to
30,000 cycles per second.

Modulation Capability

Typical measurements of modulation capability show that the transmitter mod-
ulates to adegree corresponding to more than +150 kc per second at any frequency
within the range of 30 to 15,000 cycles per second. The frequency swing «can
readily be limited, of course, to the + 7B ke range now authorized by the F.C.C.,
and can be extended at any future time to permit a greater range if authorized,
and providing Radio receivers are manufactured to accommodate it. The modulation
action of this transmitter is independent of any carrier frequency stabilizing
action and is alsc unrestricted as to the degree of modulation possible at any
frequency including the extreme low end of the audio frequency range. The modula-
tion capability of this transmitter, therefore, is unique among FM broadcasting
edquipments.
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Noise Level

The FM noise originating inthe transmitter is sufficiently below the R.C.C.
"system requirement toprovide margin for contribution by other system components.

Frequency Stability

Synchronized Frequency Modulation is a system in which the stability of the
carrier wave, so important in broadcasting atany carrier Frequency, but especially
important in ultra~high frequency broadcasting by frequency modulated waves, is
maintained well within 1000 cycles without the use of temperature control any-
where in.the system. This stability isentirely independent of circuit variations.
Moreover, the frecguency synchronizer being external to the transmission path, no
interruption in operation can be caused by failure of a vacuum tube or any:other
component in the gynchronizing cireuit.

Pre~Emphasis of Audio Frequencies

Pre-emphasis may be used if desired by cutting in the emphasizing circuit
provided at the audio input. This circuit is designed to have a constant impedance
of 800 ohms for all frequencies and a response characteristic rising between 400
to 15.000 cycles per second in accordance with RMA standards.
Primary Power

The B504A-1 transmitter dperates from a power supply of 23¢ volts * 5%, three

phase, 60 cycle and requiresz&power source of approximately 10 kvs for full power
cutput. The power factor is approximately 90%.

INSTALLATION INFORMAT |ON
The central structure is first placed in position and external electrical
connections made before the cabinet is assembled onto the frame. This arrangement
pives a maximum access to the apparatus, with a minimum hazard of damage to the
cabinet while installing.

Dimensions

80" wide x 86-1/4" deep x 84" high.
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Weight

Approximately 3000 pounds.

lLicensing |nformation

In accordance with the Communications Act of 1034, Sections 2(a) and 301,
all persons who are engaged in the operation of apparatus which is used for the
transmissior of energy, communications or signals by radio, regardless of loca-
tion, freguency or power used, are required to obtain from the Federal Communica-
ticns Commission a license for the operation thereof.

SUGGESTIONS FOR FILLING OQUT ITEMS 18, 19, 20, and 21 ON F.C.C.

FORM 81¢ (ISSUE OF DECEMBER 1940) WHEN FILING ON WESTERN ELECTRIC 504A-1
RADIO TRANSMITTING EQUIPMENTS.

18

18
18

18

18
19

19

(a} - Fill in Western Electric name and equipment type number.

(b) to
(f) — ¥ill in "on filev.

(¢) - Indicate the name and type of modulation monitor to be used. If no
approved type is available, state your intention of using an ap-
proved type whern available. '

(h} to _

{e) - Fill in Yon file" except as follows:

In 19 (c) after 'calibrated frequency" give the crystal frequency
as obtained by dividing the channel frequency, specified ini6 {a),
by gige. ' -

(f) ~ Indicate the name and type of frequency monitor to be used. If no
approved type is available, state your intention of using an ap-
proved type when available.
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20 (a) — Since it is impracticable to predict with the precision implied in
' the Standards of Good Engineering Practice the characteristics of
a system merely from a knowledge of the characteristics of the
‘principal apparatus components, and since the process of adjustment
"of a system to meet the requirements will be: difficult under the
most favorable circumstances, the applicant may decide to quote the
minimum acceptable performance figures asspecified in the Standards
when answering this question.

Typical performance data for the Western Electric 504A-1 Radio
Transmitting Equipment alone is

Frequency characteristic - flat within +(;€ db of 1000 cycles.
Distortion - 1.5% RMS harmonies.
Noise - 82 db below 100% medulatien.

20 (b) - It will ordinarily be necessary toc obtain this information from the
Telephone Company, or other suppliers of the wire line, if used.

20 (¢) - If Western Electric 618, 630, 633, or 639 type Microphones are to

be used, answer "on file". QOtherwise, obtain informatien from sup-
plier.

21 - Fill in "on file".

FOR FURTHER INFORMATION

For further information regarding Western Electrict's B504A-1 Synchronized
Frequency Modulation Radio Transmitting Equipment you are requested to address
the Western Electric distributor listed on the last page of this bulletin.
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FEATURES

Synchronized Frequency Modulation.

Carrier frequency stability at least twice as efficient as
the present F.C.C. requirement of + 2000 cycles.

Improved high-quality and noise-~free transmission through
use of balanced modulated oscillator and balanced control
tube circuit.

Linear modulation to + 100 ke without critical adjustments

at any audio frequency between 30 and 15,000 cycles per
second.

Unique use of negative feed back in modulated oscillator
minimizes distortion over a wide range.

Interrurtion of carrier frequency control does not cause
departure from assigned f{reguency. '

Complete isclation of carrier frequency control from modu-
lation and program circuits.
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ALABAMA
Birmingham
ARIZONA
Phoenix
ARKANSAS
Little Rock*
CALIFORNIA
Los Angeles
Oakland
Sacramento
San lliego
San Francisco
COLORADO
Denver
CONNECTICUT
Hartford
New }Haven -
DS, OF COLUMBIA
Washinglon
FLORIDA
Jacksonville
Miami
elando
Tumpa

*Sules Offivs

The western Electric Company,

Distrisuror 158 Ttue Untren Stares

GTavbaR

ELECTRIC COMPANTY
General Qffices: 420 Lexinglon Avenue, New York 17, N. Y.

GEORGIA
Atlanta
Savannah

[LLINOIS
Chicago
Peoria

INDIANA
Hammond
Indianapolis

IOWA
Davenport
Des Moines

KANSAS
Wichita

KENTUCKY
Louisville

LOUISIANA
New Orleans

MAINE
Portland

MARYLAND
Baltimore

MASSACHUSETTS
Boston
Springlielid
Worcester

MICHIGAN
Detroit
Flint
Grand Rapids
Lansing
MINNESOTA
Daluth
Minneapolis
St. Pauld

MISSOURI
Kansas Citv
St. Louis

NEBRASKA
Omalia

NEW JERSEY
Newark

NEW YORK
Albany
Buifala
New York
Rochester
Syracuse

NO. CAROLINA
Asheville
Charlotte

Durham
Winston-Salem

OITO
Akron
Cincinnati
Cleveland
Columbus
Bayton
Taledo
Youngstown
OKLAITOMA
Oklahoma City
Tulsa*
(OREGCON
Portiand
PENNSYLVANIA
Allentown
Harrisburg
Philadelphia
Pittshargh
Reading
RHODE ISLAND
Providence
S(L CAROLINA

Colambia

A Narionar Evecruie Service

e i

TENNESSEE
Chattanooga
Knoxville
Memphis
Nashville

TEXAS
Beaumant
Corpus Christi*
Dallas
Fort Worth
Houston
San Auntonio

LUTAH
Salt Lake City

VIRGINIA
Richmond
Roanoke
Norlolk

WASHINGTON
Seatlle
Spokane
Tacoma

WISCONSIN
Milwaukee

Incorporated reserves the right tomake any changes

or modifications, censistent with gocd ergineering practices, that it may deem
to ‘be netessary with respect to the design of or ihe material used in any of

its products,

1-F-44-1

PRINTED IN U.S.A.
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