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ANDREW CORNER REFLECTOR ANTENNA

Puts New Power in Two-Way Radio Communications!

x
(\_)/\ tronger signals at greater distances are BUILT-IN this new narrow-angle
antenna. ldeal for serving long stretches of highway, rail or pipe lines, it is equally eHective for point-to-point
communications, or back-to-back with other services. Gains up to 12 DB can be achieved by stacking. Vertically
polarized, uni-directional, Andrew Corner reflector antennas are available in all mobile communications bands. Put them to
work for you to INCREASE and IMPROVE your radio coverage. For more information, write us today.
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CUMBERLAND VALLEY Electric Company covers 650

square miles of mountainous terrain with RCA 2-Way

Radio. A station at 2300-ft. elevation relays signa's P
to and from control point. [7Q0 feet below.
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HILLTOP RELAY STATION receives
signals from control station on 73.98 mc.
RCA 2 w R dO and from mobile units on 48.54 mc.
Station transmits on 37.58 mc.
-Way Radio

raises Cumberland Valley 1700 feet

VHF radio relay has recently con-
verted a difficult piece of terrain into
ideal radio territory for Cumberland
Valley Electric Company, of Mer-
cersburg, Pennsylvania.

Working with RCA communica-
tions men, Cumberland Valley engi-
neers virtually lifted the utility’s
headquarters from its valley site,
and placed it on a hilltop seven miles

Radio Corporation of America

Communications Equipment, Dept. 132W

Building 15-1, Camden, New Jersey

[] Please send me information on

[ Please have an RCA Communica-
tions Specialist call on me.

away. From this vantage point the
company achieves unusualefficiency,
over its 650 square-mile service area.

In addition, the installation per-
mits twenty-four-hour communica-
tion between mobile units without
requiring a twenty-four-hour dis-
patcher. Superior car-to-car com-
munication, provided by the hilltop
relay, keeps crews in direct contact

with each other during dispatcher’s
off-duty hours.

For engineering assistance on diffi-
cult communications problems, con-
tact the RCA Communications
Specialist at your local RCA Re-
gional Office. For day-in, day-out
dependability, specify RCA 2-Way
Radio. For Literature. .. clip coupon
below, and mail it today.

RADIO CORPORATION of AMERICA

COMMUNICATIONS EQUIPMENT
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PHILCC MICROWAVE PHILCO MICROWAVE PHIL

MICROWAVE PHILCOMICRMABVE
PHILCO  MICROWAVE HHi|SEEMC

POWER HOUSE

The heart of Philco Microwave is this “Power
House” klystron . . . with it Philco has the high-
esl equipment power output in the 6000-7500 mc
band...generating a full watt of output power it
provides Phiico Microwave systems with a reli-
ability safety margin ol 30 decibels (1000 to 1) . . .
greater assurance of performance under any and
all field conditions.

Philco’s exclusive feedback design makes possible
full use of this powertul klystron . . . requires the

use of only two of these klystrons for simultaneous
two-way transmission and reception . . . minimizes
cumulative distortion and noise with numerous
repeater stations. In combination with other Philco
features such as custom-sized, high gain, antenna-
reflector systems and cperation in the preferred
and interference free {requency band, the result is
reliable, high quality communications.

Look to Philco Microwave for the answer to
your communicaiions requirements,

For Complete Information Write to Department CE

PHILCO corporaTIiON

GOVERNMENT & INDUSTRIAL DIVISION - PHILADELPHIA 44, PA.
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The WEW 10
Dc AG GUNVERTER

" by U’G@E’

Delivers MORE Power
for PROFESSIONAL Use

These latest-of-all Carter DC to AC Con-
verters are specially engineered for pro-
fessional and commerciai applications re-
quiring a high capacity source of 60 cycles
AC from a DC power supply. Operates
from storage batteries or from DC line
voltage. Three ‘“Custom’” models, deliver-
ing 300, 400, or 500 watts 115 or 220 V. AC.
Wide range of input voltage, 12, 24, 32, 64,
110 or 230 V. DC. Unequalled capacity for
operating professional recording, sound
movie equipment and large screen TV re-
ceivers. Available with or without manual
frequency control feature.
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MAIL COUPON FOR CATALOG

@E‘G@H‘ MOTOR CO. ‘as

2641 N. Maplewood Ave.
Chicago 47

e

Carter Motor Co. —

2641 N. Maplewood Ave., Chicago 47

]
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: Please send new catalogs containing com-
| plete information on Carter **Custom’’ Con-
| verters and other Rotary Power Supplies.
: Name.
: Address

s o 1 e 0 e e e e ol

State.

LY e e i

4

SYSTEMS DATA

HIS issue’s reporting period for new

communication applicalions filed
with the FCC covers only from Septem-
ber 1 to October 16, because of the ad-
vance m COMMUNICATION ENGINEERING's
publication date. Even so, the total 30
to 50 and 152 to 174-me. figures for this
period projected on a 2-month basis are
down almost to the January-February
level, the year’s low. The only figures
i the table below, which shows 2-way
hase, mobile, and portable equipments
applied for in 30 to 50-me. and 152 to
174-me. bands, that did not decrease
from those for the July-August period
were for police, special industrial, and
MCC.

In the low-power industrial service,
which accounted for slightly less than
half the total portables, the ratio of ap-
plications in the 160-me. band to those
in the 10-mec. band has been steadily -
creasing and is now almost unity.

Base and mobile units in the 450-nc.
hand were up substantially over the July-
August period, although down from pre-
vious periods. Actual total for this 6-
weck period was 10 hase and 252 mobile
applications, along with several conirols
and relays.

The complete list of non-tabulated ap-
plications is given in the following para-
graphs:

PoLicE: 46 speedieters on 2,455 me.:
7 interzone CW transmitlters on 2 to 7

me.; 2 relays on 76 mc., 1 on 157 me., and
3 on 450 me.; 2 control transmitters on
74 me., 4+ on 160 me., and 1 on 155 mec.

Fi:e: 1 relay on 160 me., 3 on 453 me.,
and 1 on 960 me.; 3 control transmitters
on 459 me. and 1 on 957 me.

Higiway MAINTENANCE: 12 speed-
meters on 2,455 mc.; 80 mobile units and
4 base stations on 457 mec.; 2 relays on
75 me., 2 on 158 me., and 2 on 454+ me,;
2 control transmitlers on 78 me. and ¢
on 955 me.

Forestiy CONSERVATION: 2 relays on
157 me.

Power UriLrry: 2 relays on 75 me., 3
on 50 me., and + on 1,875 me.; 1 con-
trol transmitter on 75 me. and 4 on 456
me.; 3 op. fixed transmitlers on 930 me.
and 17 on 1,900 me.

PivevLiNe Perrorgun: 21 fixed and 10
mobile transmitters on 1 to 4 me.; 2 re-
lays on 455 me.; 12 op. fixed transmitters
on 1,870 me. and 2 on 6,600 me.

Seeciar INpusTRIAL: 100 mobile units
and 3 base stations on 456 me.; 47 mo-
bile units and 3 base stations on 2 to 4
me.; 20 mobile units and 3 base stations
on 27 me.; 2 relays on 74 me. and 2 on
153 me.; 3 control transmitters on 72 me.

RELsY PrEss: 2 relays and 1 control
transmitter on 162 me.

Forest P’ropuvcers: 100 mobile units
and 2 base stalions on 29 me.

Transit Urinities: 1 relay and 1 con-
trol transmitter.

TABLE OF APPLICATIONS FILED SEPTEMBER 1 TO OCTOBER 16, 1953

TOTAL TOTAL TOTAL 30 to 50 me.- = 152 to 174 mc.

MOBILE BASE PORT. MOBILE BASE PORT. MOBILE BASE PORT
Police .....cccoooooiiii 1,533 127 36 850 78 16 683 49 20
Fire oo 597 40 15 37 26 == 220 14 15
Speeial Emergeney ... 139 51 — 112 44 — 27 T —
Highway Maintenance .. 200 13 100 1 — 100 2 —
Forestry Conservation .. 80 29 — 30 16 — — 18 —
Power Utility ..o 368 42 6 23 8 — 115 7 6
Pipeline Pelroleum ........ 318 75 — 800 70 — 18 5 —
Special Industrial . 1,716 176 123 1271 148 53 445 28 70
Low-Power Industrial ..  — — 256 — — 33 —  — 293

Relay Press ... — 2 = - = = — 2
Motion Pictures.......... — - — — —_ - =
TFForest Produets ............ 75 4 — 75 3 — — 1 —
Taxicabs ... 1,007 99 — — — — 1007 99 —
Railroads ... 735 33 — —_ —  — 735 33 —
Highway Trucks ... 378 33 — 878 83 — —_ = =
Intercity Buses ... — — — _ = = —_ = —
Transit Utilities — 2 S- — 2 — — - =
Auto Emergency ............ 85 10 — 8 10 — _- - =
Radio Paging ... — 8 — — 8 - —_ - —
Common Carrier ........... 475 2 — — — — 475 2 —
Misc. Common Currier 620 13 — — - — 620 13 —
TOTALS ... 8.276 759 436 8,831 484 102 4445 275 334
CommunicatioNn Excineenixe November-December, 1953



L. G. Young, Eell Telephone Laboratories, Inc., inspects Eimac tubes in LD-T2 transmitter.

Western Electric multi-channel, single side hand
Transmitters use Eimac tobes in final RF stages

LD-T2 transmitters designed by Bell Telephone Lab-
oratories, for overseas multi-channel communica-
tions, are another example of Bell System equip-
ment that meets severe performance requirements.
Manufactured by Western Electric, type LD-T2
single sideband suppressed carrier transmitters
operating between 4 and 28 mc., handle numerous
channels simultaneously with outstanding depend-
ability and performance. Naturally, electron power
vacuum tubes in the LD-T2 must meet exacting
specifications.

For infarmation about Eimac elec-
tron power tubes write our appli-
cation engineering department.

formerly FM-TV Rapio CommuNicaTION

Eimac 4E27A radial-beam power pentodes, 4-400A
radial-beam power tetrodes and 3X2500F3 power
triodes fill sockets in the final three stages of the
RF sections in Western Electric LD-T2 transmitters.

Final Three RF Stages

2 EIMAC 2 EIMAC EIMAC
- - <]
4E27 A's 4-400A"s 3X2500F3

EITEL-McCULLOUGH,

San

INC.

Bruno, California

<t




24 HOUR
DELIVERY
FROM STOCK!

RELAYS

Our stock of more than a
million relays —in over a
thousand different types
— is the world’s largest.
Don’t delay your produc-
tion for want of large or
small quantities of relays
of any type.

Telephone, wire or write
for quotations.

MLIED CONTROL CB
| 12 i

NEW AND MORE
COMPREHENSIVE

1953
RELAY SALES
CATALOG

NOW READY

7

Be sure to send
for your copy

Telephone

833 W. CHICAGO AVE.
DEPT. 12, CHICAGO 22, ILL.

=)

SEeley 8-4146 |
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PRODUCT INFORMATION

Converter Catalog: Listing the manufac-
turer’s entire line of DC to AC converters,
catalog 553 gives complete electrical and me-
chanical specifications as well as performance
charts. The 20 pages are punched to fit stand-
ard loose-leaf binders. Copies can be ob-
tained direct from Carter Motor Company,
Dept. 26, 2641 N. Maplewood Avenue, Chi-
cago 47, 1L

Tone Modulator: Long-distance telemeter-
ing on audio subearriers is facilitated by the

Essentially an
modulates

TMU-1 tone modulator unit.

absorption-type device, it any

fixed-frequency tone input by AC voltage
from a frequency or impulse-type telemeter
transmitter. Thus, low-frequency FM tele-
meter signals are superimposed on an AF
carrier. Unit is built on a 3%-inch standard
rack panel. Hammarlund Manufacturing
Company, Inc.,, 460 W. 34th Street, New
York 1, N. Y.

Photoeleciric Control: Emphasizing low
cost and dependability, a recent announce-
ment describes the Series 64400 photoelectric
control for outdoor lighting. Capacity is 575
watts, and appropriate accessories can be ob-
tained for mounting on any type of support.
Should be uselul for antenna structure ob-
struction light centrol. The Fisher-Pierce
Company, Inc.. 170 Pear! Street, South Brain-
tree. Boston 85, Mass.

Communication Equipment: Ten new
bulletins are available on recent two-way
radio equipments, describing six base-station
and four mobile combinations. Base stations
are 60-watt units for operation in the 25 to
50-mc. band, and 50-watt units for the 152
lo 174-me. band. Three types for floor, desk,
and pole-mounting are provided for each fre-
quency range. Mobile combinations include
two 10-watt, 30-watt, and 50-watt units. One
of the 10-watt equipments is designed for
front-mounting. All 152 to 174-mc. band sta-
tion and mobile units can be converted to
split-channel operation; 20 or 40-kc. channel
widths are available in 25 to 50-mec. station
units. Inquiry Section, GE Electronics Divis-
sion, Electronics Park, Syracuse, N. Y.

Redesigned Q-Meter: Type 260-A Q-meter,
replacing type 160-A, covers 50 ke. to 50 me.

and permits readings as low as 10. A delta-
@ scale is furnished to indicate changes in
@ resulting from variations in test-circuit pa-
rameters. Accuracy is better than =+ 1%.
Range switch actuates a mask which exposes
correct dial calibration. Vollage injection
svstem is completely new, and the monitor
thermocouple has been ruggedized. Boonton
Radio Corp., Boonton, N. J.

Heavy-Duty Feed-Thru: Designated type
112, a new series of high-current feed-thru
capacitors for suppressing RF interference is
rated at 50 amperes. Entire shell is threaded
except for two straddle-milled flats to pre-
vent loosening or rotation under vibration.
Glass-to-metal solder seals; 250 ACVW. En-
gineering Bulletin No. 216, giving full details.
is available on letterhead request to Sprague
Electric Company, 243 Marshall Street. North
Adams, Mass.

Miniature Microphones: The MC series of
magnetic microphones is said to be small,
rugged, and immune to heat and humidity
extremes. Measuring only 1 in. in diameter
and 34 in. thick, these controlled-reluctance
microphones are available with or without
mu-metal shield. Detailed technical informa-
tion can be obtained from Sales Division,
Shure Brothers, Inc.,, 225 W. Huron Street,
Chicago 10, TI1.

12-Channel Carrier System: Deliveries of
45A carrier telephone systems, which provide
up to 12 carrier-derived voice channels on an
open-wire line, are now being made.

They

can be installed on lines already equipped
with systems using frequencies up to 35 ke,
and coordinate with systems such as Western
Electric type J and Lenkurt type 42C. Equip-
ment is miniatured and utilizes interchange-
able plug-in units; complete system occupies
31%%, ms. of standard rack space. Transmis-
sion characteristics are suitable for application
to long-haul circuits, although system is eco-
nomical on circuits as short as 10 miles. Len-
kurt Electric Company, Ine, San Carlos,
Calif.

Continued on page 7
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NEW PRODUCTS

(Continued from page 6)

Equipment Knobs: A new line of hand-
machined and engraved dural knobs for elec-
trical equipment provides grounded controls
which harmonize with any well-designed
equipment. Backs are recessed, sides are
fluted, faces are machine-finished; screw-type
mounting is emploved for standard round or
half-round %4-in. shafts. Diameters from 1
to 2% ins. Pacific Transducer Corp., 11921
W. Pico Boulevard, Los Angeles 64, Calif.

Control Catalog: Models 1 and 2 variable
resistors are dscribed in catalog 42-164, just
released. Model 1 controls are subminiature
unils rated at 1/10 watt, available with or
without SPST line switch in low and high-
torque ratings, from 500 ohms to 10 meg-
ohms in 7 standard tapers. Model 2 is a
standard V4-watt conlrol, available from 250
oluns to 10 megohms in 14 standard tapers,
with or without switch, and in single, twin.
and dual concentric shaft styles. Catalog is
obtainable from Centralab. 900 E. Keefe
Avenue, Dept. J-89, Milwaukee 1, Wis,

Power Plant Book: A new pocket-size book-
let describes the three general groups of en-
gine-driven electric plants: AC, DC, and bat-

tery-charging. Plant operation for each is dis-
cussed. Gasoline, diesel. and gas engine
drivers are also compared in first cost, in-
stallation, and muaintenance expenses, and
the advantages of each for specific types of
installation are given. Copies of the Blue
Book are available from D. W. Onan & Sons,
Inc., Minneapolis, Minn.

New Type of Screened Room: Bulletin 5
describes a series of screen-roomi panels that
are fully interchangeable and easy to as-
semble. Only 2 panel sizes are needed; they
can be assembled to make a room of any
desired size which can be changed later to
meet the need for expansion or relocation.
Attenuation from 200 ke. to 413 me. averages
114 db; meets MIL-S-1957 specification. Ace
Engineering & Machine Company, 3644 Law-
rence Street, Philadelphia 40, Pa.

Steatite-Cased Capacitors: The Budroc line
of paper tubular capacitors has steatite cera-
mic casing and Polvkane end seals, was devel-
oped specifically for high-temperature and/or
high-humidity applications. Capacity range is
0005 to 1 mfd. at 200 to 1600 VDCW. Those
rated up to 400 VDCW are also rated for
-40° to +90° C.; above this working volt-
age temperalure rating is —55° to+100° C.
All are guaranteed to withstand 250 hours
operation at 95% RH and +40° C. Further
information is given in bulletin NB154, avail-
able from Industrial Division, Cornell-Dubilier
Electric Corp., 333 Hamilton Boulevard,
South Plainfield, N. J.

Base-Station Accessories: Three new uni-
directional base-station microphones, employ-
Continued on poge 10

)SBY
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Now! Lower Cost for
Long Range Communication Units

We at Crosby Laboratories have
worked constantly to improve
long range communications.
One of these efforts has been di-
rected ro the development of
single-sideband receivers. Today
the many advantages of single-
sideband receiving techniques
are of such paramount impor-
tance that no forward-looking
communication organization
can afferd to be without them.
Now Crosby takes another
pioneering step forward in re-
ducing costs of single-sideband
receivers while simplifying the
construction of the units.

Chief contribution to the lower cost and simplification is the use
of revolutionary filters developed by Burnell & Company ... filters
consisting of temperature compensated and stabilized molybdenum
permalloy toroidal coils. The use of expensive crystal elements is
eliminated. Reducing the cost while enabling the overall dimen-
sions of the unit to be smaller does not alter the performance.

The Burnell filter package

comprises:

. The 25kc carrier filter
. The lower sideband filter
. The upper sideband filter

.

. The bridging or “roofing” filter

. The discriminator filter—AFC circuit

U bW~

. The demodulation filter

Do you have Crosky’s new brochures on Single-Side-
band Receivers, Exalted Carrier Receivers, Phase
Modulation Exciter? They are available on request.

AT LGS e fa et e Ay
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CROSBY LABORATORIES, INC.

Box 233, Hicksville, New York

formerly FM-TV Rapio CoMMUNICATION 7




the most widely used
Electronic Supply
Guide

. COMPLETE 268-PAGE
k. 1954 CATALOG

g o

World’s largest stocks of
ELECTRONIC SUPPLIES
FOR INDUSTRY

Simplify and speed your
purchasing of electronic
supplies and equipment. Send
your orders to us for quick
shipment from the world’s
largest stocks of special-
purpose electron tubes, test
instruments, audio equipment
electronic parts (transformers,
capacitors, controls, etc.).
Our expert Industrial supply
service saves you time, effort
and money. Send today for
your Iree ALLIED Catalog—
the complete, up-to-date guide
to the world’s largest stocks
of Electronic Supplies for
Industrial use.

’

one complete
dependable source
for everything
in electronics

-~ |

ALLIED RADIO
100 N. Western Ave., Dept, 20-1-3
Chicago 80, Ulinois
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| electrical and electronic fields,

THIS MONTH’S COVER

This microwave station on the Am-
erican Bank Building in New Orleans
is one of 8 in the communication sys-
tem of lhe Freeporl Sulphur Com-
pany. The 6.700-me. system connects
mine flields on lhe Louisana Gulf
coast with Port Sulpliur. where sul-
phur is stored and loaded for ship-
ment, and with the New Orleans
headquarters.  Unigue in lhe prob-
lems which had to be overcome, this
was the firsl microwave point-to-
poinl system authorized in the special
industrial service. A complete de-
scription will appear in a forthcoming
1ssue.

o
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COMPANIES & PEOPLE

Robert E. Lee: Coming as a surprise
to most ohservers. the appointment of
Commissioner Lee to the FCC for a
seven-vear lerm was made October 6.
This appointment brings the FCC up to
full strength, comprised of four Republi-
cans and two Democrats. and one Inde-
pendent. Only 41, Lee was born in Chi-
cago and earned a degree in accounting
from De Paul University. He received
training in law at Chicago College of
Commerce & Law, and worked at audit-
mg until 1938 when he joined the FBI.
Rising rapidly in that agency, he went
from financial investigator to chief clerk
in charge of fiscal matters. In 1947, he
resigned to head up survey and investiga-
tion for the House Appropriations Com-
mittee.  Commissioner Lee is married
and has three childven.

Arthur C. Rustad: Promoted to gen-
eral manager of Crosby ILaboratories,
Inc.. of Long Island. He was formerly
with Press Wireless, Inc., and Press Wire-
less Mfg. Company. coming to Croshy
originally as production manager.

Virgil M. Graham: Elected vice presi-
dent and member of the Exccutive Com-
mittee of the U.S. National Commitiee on
the International Electrotechnical Com-
mission. The IEC, of which the ASA is
the American parent body, is an interna-
tional standardizing organization in the
Mr. Gra-
ham 1s director of lechnieal relations for
Svlvania Electric Products, Inc., and has
been active in slandardization work for
30 vears.

Edward J. Nally: Died September 22 at
his home in Bronxville, N. Y. at the
age of 94. My, Nally was the first
president of RCA. serving in lhat capac-

ity from 1919 until 1923. He continued

on the RCA board until 1950. Begimting
his  communications career with the
Western Union Telegraph Company in
1875, he was appomted assistant general
superintendent of the Weslern Division,
Postal-Telegraph Cable Company. in
1890. He became first vice president and
general manager in 1906. In 1913 Mr.
Nally joined Marconi Wireless Telegraph
Company in the same capacity., and
served until the company was acquired
by RCA in 1919. Few have seen such
sweeping changes in an industry, and
fewer still have had so much to do with
them.

Wire Firm Expansion: The new 25,
000-ft. wing of the Chester Cable Coryp..
Chester, N. Y., is scheduled for full pro-
duction Nov. 1. Wire and cable for in-
dustrial and military applications will be
produced there.

New Department: The Commercial
Equipment Dept. has been established in
General Electric’s Electronies Division to
concentrate the Company’s efforts in
TV station equipment. 2-way radio and
microwave communication, and germa-
nium products. William J. Morlock was
appoimnted general manager; Lacy W.
Goostree, Jr, manager of marketing;
Charles M. Heiden, manager of engineer-

Continued on page 9

MEETINGS and EVENTS

NOVEMBER 12 - 13,
IRE PROF. GRP. ON VEHICULAR COMM.
Hotel Somerset, Boston, Mass.

DECEMBER 14 -16,
SCEL WIRE & CABLE SYMPOSIUM
Berkeley Carteret Hotel, Asbury Park, N. J.

JANUARY 18 - 22, 1954,
AlEE WINTER GENERAL MEETING
Statler Hotel, New York City

APRIL 24,
CINCINNATI SECTION IRE CONFERENCE
Cincinnati, Ohio
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COMPANIES & PEOPLE
(Continued from page 8)

ing; and Clair C. Lasher. manager of
manufacturing.

Telephone Equipment Firm: Tele-
com, Inc. of Kansas City, Mo., has been
set up to manufacture telephone switch-
boards and other electrical apparatus for
the communication field. Marketing
will be through established distributing
channels. John Van Horn was elected
president of the new company.

Henry C. Roemer: Formerly president
of Federal Telephone and Radio Com-
pany, Mr. Roemer has been designated
vice president in charge of administra-
tion of the domestic divisions of the
IT&T. These divisions are Federal Tele-
phone and Radio, Federal Telecommuni-
cation Laboratorices, Kellogg Switchboard
and Supply, Coolerator, and Capehart-
Farnsworth. Raymond S. Perry has as-
sumed the presidency of Federal

Southern Electric Sold: All assets of
Southern Electric & Transinission Com-
pany of Dallas, Texas, have been ac-
quired by Stromberg-Carlson Company.
Southern Electric has dissolved as a part-
nership and has become a division of the
larger ecompany. Since Stromberg has
been distributing wire carrier equipment
made by Southern, the move is expected
to increase both manufacturing and sales
potential.

Dr. George M. Anderson: Appointed
head of the engineering development
group at Edison Laboratory, Thomas A.
Edison, Inc. He did undergraduate and
graduate work at Carnegie Tech and was
assistant professor of electrical engineer-
ing there for three years. Before joining
Edison, Dr. Anderson was with Westing-
house for two years working on atomic
reactors.

New Camden Plant: The $1.5 million,
90,000-ft. manufacturing plant of Radio
Condenser Company began operation on
October 7. Located at Camden, N. J,
the new plant is part of an expansion
program that will permit the Company
to double its production of variable
capacitors, auto radio tuners, and UHF
tuners.

Dr. Adair Morrison: Named head of
the research section, Sprague Electric
Company Research and Engineering
Dept. He received degrees from Can-
ada’s University of Saskatchewan and
McGill University. and worked with the
National Research Council of Canada
and Arthur D. Little, Inc. In his new

Continued on page 14
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CY MODULATION s4ONIT
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— from
25 to 174 megacycles with the NEW Browning MD-33

The MD-33 Frequency Modulation Monitor is a completely
new instrument, for precision performance in critical work.
No plug-in units of any kind are required.

The unique peak-flasher circuit permits the operator to select
either of two pre-set values for flasher indication of transient
overmodulation, adjustable to 20 ke.

Remember: the best costs less—in the long run.

Coverage . . . 25 to 174 megacycles, con-
tinuous, in two bands.

Sensitivity . . . better than 1 mv to 140 mc,
and better than 2 mv to 174 me.

Panel meter . .. 20 ke maximum, on linear
scale.

Flasher . . . indicates peaks in excess of
either of two pre-set values, from 1 to 20 ke.

Audio output . . . adjustable, 5 volts RMS
maximum, flat from 100 cps to 15 ke.

Phone jack . . . on front panel.
Drift . . . obviated by AFC applied to local

oscillator.

For detailed information, write for data sheet

ENGINEERED B R o w N I N G

FON Laboratories, Inc.
Winchester, Mass.

ENGINEERS




Both of these units ave invaluable as
additional receivers for separate frequency

channel monijtoring to supplement 2-way radio

communications systems. They are ideal

as monitors of 2-way systems in mobile units
not requiring a transmitter. Perfect for
dispatching service cars, ambulances, trucks,

buses, salesmen, civil defense personnel, special

investigators, special police, volunteer
firemen, fire truck units, taxicabs; for alerting
industrial power and public utilities, forestry
and railroad personnel, or use as a
Walkie-Talkie monitor. They can be used
for intercom between vehicles on two
frequency systems. These are only a few of
the uses that are limited only by the
imagination! They are housed in durable, all
metal cabinets. Simple to install, universal
mounting...you have nothing to adjust!

All units are shipped with crystal installed to
order and aligned to frequency.

Available in both 6 and 12 volt versions far
6 and 12 volt battery ignition systems.

For information on complete line of fixed
and mobile communications receivers,

write for form 22.

neidchio
rolled receivér
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NEW PRODUCTS
(Continued from page 7)

ing smaller and more sensitive cartridges than
previous models, have spring-suspended mov
ing-coil units to eliminate shock noises. Two
models, the TU151 and TU152, are desk-stand
mounted and are identical except for micro
phone connectors. The TU140 is mounted in
a movable floating arm by means of which the
mike can be positioned anywhere within a
3-ft. range of its base. Screwdriver adjust-
ment provides selection of low, medium, or
high output impedance. Communications and
Electronies Division, Motorola, Inc. 45345
West Augusta Blvd., Chicago 51, Il

Continuous VSWR Meter: Model 110A X
band VSWR indicator provides for continuous

measurement Lhroughout the range from 8,500
to 9.600 mc. on waveguide components, with
scales from 1.06 to 2.5, Equipment includes
oscillator, wavemeter, forward and reversed
directional coupler with bolometer take-offs
for source and reflected power. and a direct-
reading ratiometer. Overall accuracy is with-
in 2%; simplicity of measurement makes the
it useful for production go-no go tests.
Color Television, Inc., 1003 F. San Carlos
Avenue. San Carlos. Calif.

Subminiature Resistor: Type 1101 resistor
is % in. in diameter and 13/32 in. long, can
be wound in values up to 175,000 ohms. Re-
gistance tolerances to = .19 are available
with power ratings of .1 watt. Impregnation
for temperature and humidity resistance
Dept. SR. The Daven Company. 191 Central
Avenue, Newark $, N. J.

Miniature Ball Bearings: A very handsome
20-page booklet offers the latest design and
application data on miniature ball bearings.
Fechnical data. supplemented by drawings,
araphs, tables, and photographs are given for
ball bearings ranging from .1 to 375 in. OD
as well as radial. angular contact, pivet, and
thrust bearings. Copies can be obtained from
Miniature Precision Bearings. Inc.. Keene,

N. H.

Aundio Mixer Controls: A new line of vari-
able attenuators includes ladder, T, H, L. and
potentiometer configurations up to 32 steps
Resistive elements are non-inductive, wire-
wound and hermetically sealed. Temperature
range is claimed to he —40 to + 100 and
humidity tolerance up to 95%. Bulletin A-2
available on request to Hycor Sales Com
pany of Calif.. 11423 Vanowen Street, North
Hollvwood. Calif.

Wire-Wrapping Gadgets: Suitable for
slranded or solid wire, 2 new line of wire-
wrapping tools expedites making neat, fast
inrns of one or more wires around terminals

Continued on page 11



NEW PRODUCTS

(Continued from page 10)

in preparation for soldering. Models for small,
medium, and large terminals are obtainable.
Contact, Inc., 238 Main Street, Cambridge.
Mass.

Check-Point Jacks: New Mini-Test jacks
take up very little space, mount on front

110 BCMC

o

NO 8CP

panel of any equipment so that critical volt-
ages can be monitored quickly and as often
as desired. Two models are available, as
shown: ene simuply pushes into .347 hole and
locking tabs spring into position. Other has
mounting plate that can be fastened with
spot welds, eyelets, or rivets. Alden Products
Company, 117 North Main Street, Brockton |
64, Mass.

Small Indicator Lights: Series L6000 sub-
miniature indicator or warning lights are suit-
able for standard or edge-lit panels, have
amber, blue, green, red, or white lens. Re-
qun'e only 1% in. behind panel; lens is 27/64
in. long for maximum side visibility. Weight
is about % oz. Unit employs standard AN-
3140 lamp. Hetherington. Inc., Sharon Hill,
Pa.

Hermetically-Sealed Relays: Union type
M 6PDT relays are said to be the smallest
and lightest available. Weight is 3% ozs,
and volume is 134 cu. ins. Designed to meet
MIL-R-5757 A and B specifications, it has a
minitnumn life expectancy of 1 million opera-
tions.  Standard contact ratings are 2 am- |
peres at 26.5 VDC for 100,000 operations:
these and other ratings can be varied on spe-
cial order. Various mountings are available.
Union $witch & Signal Division. Westing-
house Air Brake Company, Dept. 67, 1789-
1807 Braddock Avenue, Pittsburgh 18, Penn-
sylvania.

New Banana Plugs: Type FNT banana
plugs. shown lere. are styled for easy gripping
and versatility. Unils are molded of mica- |
filled bakelite; contacts and screws are nickel- |
plated brass. Leads can be brought in direct-

I at base or through hole at bottom. Specif- |
|

H

1eations and prices are obtainable from Com-
ponents Division, National Company, Inc..
61 Sherman Street, Malden, Mass.

Continued on page 12
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~an Amphenol

guide to

~Components

A N CONNECTORS — AMPHENOL is the leading
manufacturer of approved A N cornectors. These
have many features unique with AMPHENOL, in-
cluding gold-plated contacts, and many features
now standcrd in government specifications that
were initiated by AMPHENOL, such as machined
coupling rings and dielectric material, 1-501.

R F CONNECTORS — Manufactured strictly to
government specifications, AMPHENOL RF con-
nectgrs feature never-failing confinuity, perfect
match and tested AMPHENOL construction. Giving
years of top performance, they provide the most
efficient linking of coaxial ccbles now available
to the electronics industry.

COAXIAL CABLES — Quality control makes the
difference in AMPHENOL cooxial cables. Manufac-
tured to the closest tolerances and inspected during
every phase of this manufocturing, AMPHENOL
coaxial cables are available with many different
types of dielectrics and jackets — premium mate-
rials help ossure quality perfermance.

SPECIAL CONNECTORS — Many connectors are
made by AMPHENOL to assis: marufacturers with
individual problems in the interconnection of elec-
tronic equipment. These include the famous BLUE
RIBBON connectors and many types of standard
and miniature electrical comnectors. AMPHENOL
can help you with your proklems, too.

brand new--the ampHENOL A-3 Catalog con-
tains up-to-date electrical and mechanical
details on all ampHENOL AN and special
connectors, For complete information on
these, send for your copy of Catalog A-3.

AMERICAM PHENOLEE CDRPORATION

chicago 50,
illinois




A new approach to the Rack-and-Panel Connector
problem that provides 30-second replacement and

single, actessible point of check for all leads:

Up to now, available connectors have forced the massing of
' leads in congested arrangements hard to trace and service.

< Chassis side is “blind” making
leads inaccessible, hard to trace.

Critical voltages can-

not be positively

isolated. K Cannot jump contacts to
= test Connector

Wiring is congested rats’ nest

difficult to assemble and service. Leads lack ready

identification.
f(( NOW . T\“.wxou can organize your connectors so that they ﬂ
are spread out and accessible like this — ’

y " . For the first time you have
E 4‘ Possible to jump con- room to spread out leads, so
3 tacts because both sides § ;t's nohtro‘tlble “é get at them
M H . or checks an servicing.
i are mstantly accessible They're perfectly identified by
number and color coding, plus
] space to affix information
i symbols.
¢
|
I
ls&
7 o — ST Sk All leads are instantly
- . ; ’ e 7 accessible, identified by
{1 Critical Voltages - g number and color-

isolated by wide
spacing.

coding.

/ ;
e

. Alden Back Connectors

drop right into place by

simplified assembly. De-

signed to avoid surface
leakage and other flashovers. Don’t need special
insulation or expert soldering techniques. Built
rugged to compensate for wide sheet metal
tolerances.

FOR ANY CHASSIS, it's as simple as THIS —

Take these Standard
Alden Components —

Connectors are spread out in [/
an orderly row, giving a cen-
tral point of check.

Arrange them Arrange Alden Side

Rails (1) and Alden

Alden Back like this — Lock Frame (2) to suit
’@- Connectors our chassis. Alden
€4 .. S erve-A-Unit Locks
" o (3) mount in your
7 chassis to engage pre-
e g, - \ ?‘unﬁheg holes in Alden
e ocC rame (2) to
Alden - . i i
Serve-A-Unit Locks \% S PG draw in,

lock or eject. Ar-
range Alden Back
Connectors (4)
in orderly row
on Alden Lock
Frame. Mount
mating Alden
Back Connectors
on Your Chassis.

any length

Alden Slide Rails
Any length

AND YOU GET

151 N. Main St., Brockton 64, Mass.

Lock Frame

1) Chassis that plugs in, locks and ejects with half turn of the wristy 2) leads
so beautifully organized, accessible and identified that non-technical personnel
can service.

SEND FOR FREE SAMPLES OF
ALDEN BACK CONNECTORS

— Also request free “Alden Hand-
book™, 226 pages of techniques and
components for Unitized Plug-in Unir
Construction.

f N

)
k=) Hioen Prooucrs Co.

| and 5300 VDCW at 125

| minimum

NEW PRODUCTS

Continued from page 11)

High-K Ceramies: K-Lok ceramic dise
capacilors combine high capacitance with sub-
stantial stability under environmental ex-
tremes. Capacily is constant, relative to 25°
C. value, within + 3% from —35 lo 4 105°
C. and +5, —10% from —35 to + 125° C
Available in 4 styles with range of 220 to
4,500 mmf{. Rated at 1.000 VDCW at 85° C,,
C.; 10.000 megohms
insulation  resistance. Samples
available on request to Frie Resistor Corp.,
Erie, Pa.

Wide-Range AC VTVM: DModel 1040
VTVM has a useful frequency range of 7 to
250,000 cveles. Sensitivity is high, and input
capacity is low; thus. the instrument is suit-
able for low-frequency vibration studies, fre-
quency and gain measurements on amplifiers,
transmission loss and other measurements on
filters and carrier systems, and standard main-
tenance work. Weight is 12 Ibs.. dimensions
475 by 5% by 9% ins. Further details on
specifications and prices available on request
to Freed Transformer Company, 1718 Weir-
field Street, Brooklyn (Ridgewood) 27. N. Y

Waveguide Attenuator: A new type of
waveguide attenuator. Motel X382A, furnishes

| direct readings from zero to 50 db with accu-

racy of == 2%. No interpolation or charts are

required. requency range is X-band, from
8.200 to 12400 mc.; VSWR less than 1.15
throughout range. Power can be fed to either
end ol attenuator. Iewlett-Packard Com-
pany. 395 Page Mill Road, Palo Alto, Calif.

Taper Connectors: A brochure now avail-
able gives facts and descriptions on two types
of sell-locking taper connectors for individual
wires.  Round and flat taper pins. tabs, and
receptacles are specified. and high-speed auto-
matic wire terminators are described. Air-
cralt-Marine Products. Ine.. 2100 Paxton
Street, Harrisburg, Pa.

Miniature Magnetic Amplifier: An input
signal of .2 microampere is sutheient to pro-
duce a usable DC output fromm model M-21
high-gain magnetic amplifier. Gain is linear
with current. at a valiue ol 200. Cost is sard
to be very low, about 1/3 that of equivalent
types. and size is only 2% by 2% by 8 ins.
For low-level applications only, with inputs
ranging from 2 to 30 microamperes. Rubis-
sow Electronic Research Laboratories. 119 W.
63rd Sl:eet. New York 23, N. Y

Telemetering Booklet: Bulletin B226 de-
scribes a new line ol indicating or recording
controllers for temperature. pressure, flow,
liquid level, and time program. Information
is given on FM method of intelligence trans-
mission used. application data, and engineer-
ing specifications. Available from The Bris-
tol Company. Waterbury 20, Conn.

Super-Sensitive Relays: The S§ series of
Continued on page 13
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(Continued from page 12)

relays operates on 10 milliwatts or less, resists
a 10-G vibration, and is available in open or
hermeticallv-sealed style. Contacts are silver.
SPDT, and rated at 2 amperes, 28 VDC or
115 VAC. Maximum sensitivity, one to two
milliwatts.  Potter and Brumfield. Princeton.

Ind.

Side-Indicating Meters: Miniature side-in-
dicating panel meters, Model 1120, furnish

maximum scale length with minimum panel
area. Ammeters, voltmeters. VU, db, and
other meter types can be oblained in zero-
center, left, and right-hand models. Complete
information can be obtained from Interna-
tional Instruments. Inc., P. O. Box 2954,
New laven 15, Conn.

UHF Variable Capacitor: Teflon variable
capacitors for 300 me. and up are claimed to
have very low dielectric loss, good heat and
humidity resistance, constancy of setting, and
price comparable to other VHF types. A
wide range of values is available. Information
can be obtained from the Tri-Point Mfg. &
Development Company. 401 Grand Street,
Brooklyn, N. Y.

Low-Cost Adaptor: Type 76 single-sideband
adaptor incorporates Burnell toroidal-coil fil-
ters rather than the crystal filters used in
previous models, which results in substantially
reduced cost, smaller size, greater ruggedness,
and simplified alignment procedure. More in-
formation can be obtained from Crosby Lab-

oratories. Ine.. Box 253, Hicksville, Long Ts-
land, N. Y.

Vacuum-Impregnation Book: A recently-
issued revised edition of a 24-page brochure,
catalog 760, describes in detail a wide range
of typical applications and equipment for
vacuum-impregnation. Free on request to
F. J. Stokes Machine Company, 5500 Tabor
Road, Philadelphia 20, Pa.

Concluded on page 37
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ALWAYS AN
EXCELLENT
PERFORMER —

® 0.4 uV. Sensitivity for 20 db Quieting

‘i;;.

NK RADIO

TRANSMITTER-RECEIVER

Type 2365 ED. 3b

® 25 to 50 Megacycles

® More Than 30 Watts Output

® =0.002% Frequency Stability

® Adjacent or Split Channel

(WITHOUT CHANGING MAJOR COMPONENTS)

® Universal 6/12 Volt
Heater Wiring

® New Ease of Servicing

ALSO AVAILABLE AS FIXED STATION CONSOLES

Write Now For Further Details

LINK RADIO CORPORATION

' 125 West 17th Street

—NOW STILL
FURTHER
IMPROVED !

New York 11, N. Y.
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'ELECTRGNIC HIGHWAYS FOR A GROWING NATION

LENFURT - STACKABLE"” CARRIER EQUIPMENT PERMITS
CRDERLY EXPANSION OF TELEPHONE SYSTEMS

A telephone carrier sysrzam
that helps keep pace with the growth
o~ America's communities and towns is one
achievement of lenkurt Electric, the nation's largest
adependent manufacturer of telephons carrier equip-
mant. Just as one lane roads must grow to two lane cnd
mui--lane highways, so telephone systems must grow to ireet
their raffic d2mands. Lenkurt was first to provide a practical and
=ccncmizal means for the expansion of telephone systems 01 2
chanr e -at-a-t me basis.

tenkuri ~stackasle" carrier is an orderly “building-block™ sys-em that

p=-nits =hone services to expand whatever amount is necessary —

without =uying more equipment than is needed or peying excsssive

>emiun fer channel-at-a-time expansion. When two voice channels

are neered ir place of one, lenkurt “stackable™ carrier prov des the
on= ad=ed ciannel — not three or twelve necessary with previcus
carrie- systems. Then later if a second and third carrier chanel are
nzedez, these can be added one at a fime.

Unlike prev cus systems suitable primarily for very long circutts,
lenk_rt's "stackable™ carrier is economical on the shorter toll
cirwits which comprise the bulk of all telephone networks.
Now used on thousands of telephone lines throughou-
the world, "'stackable™ carrier systems are one
example of Lenkurt's contributions to
the communications industry.

LENKURT ELECTRIC CO.

SAN CARLOS 1, CALIFORNIA

COMPANIES & PEOPLE
(Continued from page 9)

position, Dr. Morrison will be in charge
of investigations in fundamental sciences
related to electrical component tech-
nology.

Service Office Appointments: Com-
munications Engineering Company has
opened a service office in New Orleans,
managed by Charles M. Scroggins, and
one in Oklahoma City managed by
Edward S. Rosier.

Transistor Book: Said to be the first
hook-length treatment of transistors,
Principles of Transistor Circuits (John
Wiley & Sons) is the work of nine engi-
neers at General Electric’s Syracuse elec-
tronics laboratory. Basic theory and ap-
plication information is given in 535
pages. The book is arranged to cover
three main categories: low-frequency,
high-frequency, and large-signal non-
linear operation. A significant contribu-
tion to transistor literalure.

J. J. Dowling: Elected vice president of
Tensolite Insulated Wire Company, Inc.,
of Tarrytown, N. Y. Tensolite manufac-
tures miniature wire and cable. Mr.
Dowling will continue as general man-
ager.

Engineering Products Expansion:
Two new divisions have been formed in
RCA’s Engineering Products Dept. R. B.
Lanskail has been appointed manager of
the Government Contracts Administra-
tion Division, and B. J. Sibbold manager
of the Commercial Sales Division.

John E. Martin: Appointed Director of
Research for the Gabriel Company.
Graduated from London University in
1941, he worked during the war on
naval radar research for the British Ad-
miralty, and later did antenna design for
the BBC. Mr. Martin came to this
Country in 1952 and joined Gabriel
then. His headquarters will be at the
Needham. Mass. Laboratories.

Gastonia Plant: A new plant at Gas
{onia, North Carolina, enclosing 160,000
sq. ft. is being fitted with machinery and
equipment by the Pyramid Electric
Company of North Bergen. N. J. Paper,
ceramic, and motor-starting capacitors
will be manufactured in the new plant
beginning around January 1. Ultimately.
1,000 persons will be employed there.

$2.5 Million Order: The Electronics
Division of Westinghouse Electric Corp.
has received a supplementary order in
that amount from the Air Force for type

Concluded on page 15
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Jandéy (()ﬂ"gai/ey, jnc.

Consulting
Radio & Electronic Engineers

Suite 970 National Press Bidg.
Washington 4, D, C. ME 8-5411

Engineering Building
1339 Wisconsin Ave., N.W,

Washington 7, D. C. AD 4.2914

WELDON & CARR

Consulting
Radio & Television
Engineers

Dallas, Texas
4212 So. Buckner Blvd.

Washington, D. C.
1605 Connecticut Ave.

JOHN D. TRILSCH CO.

TOWERS for
RADIO e TELEVISION
COMMUNICATION

1310 McKinney Ave., Houston, Texas
ATwood 9351

Phone:

W SINCE
Hollywood 1931

Professional 16mm Sound-On-Film Motion
Picture Cameras for Television Newsreels,
Commercials and other Television Filming.

Write for free illustrated catalog.

BERNDT-BACH, Inc.

7349 Beverly Blvd., Los Angeles 36, Calif.

RUSSELL P. MAY

CONSULTING RADIO ENGINEERS

* Kk K

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

Kellogg Building Republic 3984

Member AFCCE

WORKSIODOP
ASSOCIATES
DIVISION

THE GABRIEL COMPANY

Speciclists in
ITigh-Frequency
Antennas

Endicott Street Norwood, Massachusetts
NOrwood 7-8300

COMPANIES & PEOPLE
(Continued from page 14)

MW high-frequency transmitters. Pre-
vious order (83 million) for the equip-
ment, operating on 2 to 30 me., was de-
livered last year.

Changes: Harry Coleman Hagerty, fi-
nancial vice president and director of the
Metropolitan Life Insurance Company,
has been elected a director of RCA, to
fill the vacancy left by the resignation of
Lewis L. Straus who was appointed
Chairman of the Atomic Energy Com-
mission. NBC directorship also vacated
by Mr. Straus has been filled by William
E. Rcbinson, publisher and executive
vice president of the Herald Tribune, and
a director of RCA.

Transportation Registry: Now in
preparation, the 1953 edition will be ofl
the press in the latter part of November.
Priced at $2.00, this Registry will list
all ecommunication systems operated by
taxicab, railroad, highway truck, inter
eity bus, transit utility, and auto emer-
geney conmipanies. Each system is listed
alphabetically by slate and eity. giving
name and mailing address. base station
location, number of mobile units and base
stations, call letters, frequencies, eqiip-
menl make, and special notes. Informa-
tion requests and orders should 1= ad-
dressed to Registry Editor, Radiocom.
Ine., The Publishing House, Great Bar-
rington, Mass.

Jack Colvin: Appointed director of en-
gineering for Gates Radio Company. Mr.
Colvin. formerly with Commercial Radio
Company of New York, the American
Broadeasting Company, and RCA, re-
places IFred O. Grimwood who died mn
April, 1952.

John A. Rankin: Director of engineer-
ing at Magnavox has been elected a di-
rector of the company. Prior lo joining
Magnavox in 1951, lie was with Belmont
Radio and RCA.

Bradford, Pennsylvania: Bradford
Components, Inc.. has opened a plant at
27 Bishop Street to manufaclure precision
wire-wound resistors. coils, and sub-
assemblies. F. Gordon Sechermerhorn,
formerly manager of Speer’s resistor di-
vision. is president. Other executives are
John G. Cumming, Jr., vice president and
treasurer: Alfred E. Dougherly. secre-
tary: Lawrence Lopez, engineering direc-
tor: Lennon W. Gould, plant engineer:
and Karl E. Bretz. sales director.

Robert J. Stahl: Former chief engineer
of Color Television, Ine., has joined
Dalmo Vietory Company at San Carlos,
Calif., as consulting engineer.

formerly FM-TV Rapio CommunicaTion
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KEAR & KENNEDY

Consulting Radio Engineers

1302 18th St., N. \WWV. HUdson 3-9000
Washington, D. C.

GEORGE P. ADAIR
Consulting Engineers

Communieations, Eleetronies

Radio,

1610 Eye St., NNW. EXecutive 3-1230
Washington 6, D. C.

MANUFACTURERS CF RADIO COMMUNICATIONS ANTENNAS

12415 EUCLID AVENUE
CLEVELAND 6, OHIO
Randoiph 1.9575

General Electric
TWO WAY RADIO

e Systems Engineering
e Installation
¢ Contract Maintenance

Communications Engineering Co.
900 Dragon St. 6422 Llong Dr.
Dallas, Tex. Houston, Tex.
PR 7508 OL 8501

MEASUREMENTS
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anu acfumng

ngi neers

Harry W. Houck Jerry B. Minter
John M. van Beuren
Specialists in the Design and
Development of Electronic Test Instruments
BOONTON, N. J.

FRANK H. McINTOSH

Consulting Radio Engineer

1216 Wyatt Bldg., Washington 5, D. C.
MEtropolitan 8-4477
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Products of Pve scientific research cover

l.ﬂ

ever-widening fields of application. :

Information gained through experiment on each
project is constantly used to develop
and improve all allied manufactures.

Through advances thus achieved Pye lead the world
in quality and design of radio, television

and telecommunications equipment. TELEVISION

CAMERAS

‘“ RERORTER
MOBILE V.H.F.
RADIO-TELEPHONE

MULTI-WAVEBAND
RADIO RECEIVER

INFRARED

SPECTROMETER
UNDERWATER pH METER AND \%\’
TELEVISION MILLIVOLTMETER . .
CAMERA 3 *

9 C AMBRIDGE . ENGLAND
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Gain Antennas for 450 Mec.

HOW SUPPORT PIPES AND FEED CABLES SITUATED NEAR GAIN ANTENNAS
AFFECT HORIZONTAL AND VERTICAL RADIATION — By EDWARD F. HARRIS#*

HE use of gain antennas at base stations, while recognized

as an advantage at the lower communication frequencies,
has been accepted as a necessary requirement in the 450 to
470-me. region. Past experience with base-station installations
indicates that there are many cases in which a knowledge of
the effects of reflecting objects on the pattern of the gain an-
tenna would be extremely helpful. Since it is not always pos-
sible to mount an antenna at the top of its support and in the
clear, pattern shaping often occurs. Of course, there are in-
stallations for which pattern shaping is desired.

A typical problem is the operation of several base-station
arrays from the same support, perhaps a wood telephone pole.
The pole itself does not represent a serious shadowing member
but the coaxial feed cable to the top units, which pass in prox-
imity to the lower antenna, must be considered. Data given
here was taken in an effort lo provide the systems engineer
with guidance by establishing a trend of pattern behavior for
omnidirectional gain antennas.

Horizontal Directivity: The antenna employed in these
tests was a Mark Products model C-3455, a 3-element colinear
array employing extended spacing between elements and de-
livering 4 db gain over a hall-wave dipole, when mounted in
the clear!. The measurements hold, in general, for the higher-
gain base-station array such as the Mark C-7455, a 7-element
unit; the Workshop 6-HW; and the Andrew 4000. Fig. 1A
shows the measured vertical radiation pattern of the C-3455 at
460 mc. The total beam width is 28° when mounted in the
clear. Fig. 1B is the measured horizontal pattern and, in ef-
fect, provides a calibration for the measurement setup. Since
the array has good symmetry. the total variation in the hori-
zontal pattern is less than .5 db; this pattern can be employed
as a basis of comparison.

In order to study the effects of the reflecting support pipe.
the antenna was mounted on a fixture which facilitated various
fixed spacings from a 10-ft. section of pipe running parallel
to the antenna and extending equally above and below the

*Chief Engineer, Mark Products Company, 2547-49 Montrose Avenue, Chi-
cago 18, 111

1E. F. Harris, “UHF Mobile Antenna,” Electronics, May, 1953.
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FIG. 1. RADIATION PATTERN OF GAIN ANTENNA MOUNTED IN THE CLEAR

radiating aperture. Two sizes of pipe were used. A 14-in.
tube was used to simulate a cable running by the antenna and
to provide data on reflecting members of relatively small di-
ameter; a 234-in. pipe was used to simulate actual support
members.

Fig. 2A through 2H is the complete set of measurements
reproduced directly from the original patterns as run on an
automatic polar recorder. The spacing both for the l4-in.
reflector and the 234-in. reflector is varied from about .2 wave-
length through 2.0 wavelength. At .2 wavelength the pattern
is decidedly unidirectional; the front-to-back variation is 7 db
with the smaller tube, and about 10 db with the larger. As

FIGS. 2A THROUGH 2D. HORIZONTAL RADIATION PATTERNS OF NORMALLY OMNIDIRECTIONAL ANTENNA WITH PIPES OF TWO SIZES MOUNTED NEARBY
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FIGS. 2E THROUGH 2H. SAME AS FIGS. 2A-2D.

the spacing is increased the pattern tends first to elongate in
the side directions and then, as S goes beyond about .7 wave-
lengths, multi-lobing effects occur. In all cases, for the smaller
and larger members the pattern shapes are very similar, the
main difference being i the depth of the minina. In every
case the tolal variation is greater with the larger diameter
reflecting member.

In the spacing range of .7 wavelength, the patterns indicate
that the possibililies for general-coverage applications are quite
good. Although the paltern is a distinet 8-lobed figure, the
total variation using the Y%-in. reflector is only 4 db; with the
234-in. reflector, this increases to 6.5 db.

With a 39-in. spacing (1.5 wavelength) and the 234-in.
pipe, Fig. 2G, the total variation i1s 5 db. This amounts to
=+ 2.5 db around the median circle. If the median level is as-
sumed to be that of the antenna gain in the clear, and it is
assigned a value of 4 db above a dipole (for the C-8455), the
anlenna gain even in the dips of the pattern is still some 1.5
db above a dipole in the clear. With a higher-gain base-station
antenna, such as the C-7455 which has a free-space gain of
some 7 db, the level in the minima of the pattern with the
antenna mounted 39 ins. from a 234-in. pipe is 4.5 db above
that of a free-space dipole. Also, this increases to 9.5 db over
a dipole in maximum directions. However, it is evident that
the important considerations are the median level and lhe

d
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FIG. 5. EFFECTS OF 270° REFLECTOR MOUNTED AT VARIOUS DISTANCES

N

270° CORNER REFLECTOR

total db variation from this value. The 89-in. spacing is read-
ilv obtainable in most field installations, and seems to be op-
timum for the conditions shown. This holds, of course, only at
450 me.

Vertical Effects: In addition to the horizontal pattern which
gives azimuthal coverage data, the effects of the reflecting
Continued on page 41

FIGS. 3 AND 4. HOW DISTANCE FROM TOP OF SUPPORT PIPE AFFECTS THE VERTICAL RADIATION PATTERN, FOR TWO LATERAL SPACINGS FROM PIPE
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Advantages of FCC Form 400

WHY FORM 400 WAS ADOPTED, AND HOW IT INCREASES FLEXIBILITY AS
WELL AS APPLICATION PROCESSING EFFICIENCY — By MERLE E. FLOEGEL*

ANUARY 5, 1953 is perhaps one of the most important

dates in the history of the Safety and Special Radio Serv-
ices Bureau of the Federal Coinntunications Commission. On
that date FCC form 100, and the associated rule changes neces-
sary for its implementalion, became effective. This action on
the part of the Commission is very significant. There was
more involved than the adoption of a new application form
for the Public Safety, Industrial, and Land Transportation
Radio Services.

Actually, an entirely new concept of licensing procedures
had been introduced. Many of the deep-rooted practices which
had grown up wilh the art of radio communicalion had been
discarded, and in their place strange and unfamiliarinstructions
had been issued. What was the reason for this radical depar-
ture from tried and true methods of many years standing?

The Commission is, of course, ever on the alert for more
efficient methods of carrying on ils regular business. It is a
well-known fact that during the past several years the num-
ber of applicalions received by the Commission’s Safety and
Special Radio Services Bureau has increased conlinuously,
whereas the number of persons available for application proc-
essiug has steadily decreased. It became imperative, there-
fore, if the Comimission was to fulfill its obligation to the public,
that some means be found to process these applications with
the minimum expenditure of man-hours. It appeared that this
objective might be achieved in two ways:

1. Reduce the time required to process each application, and

2. If possible, reduce the number of applications required
for modificalions of existing authority.

Several months belore the adoption of the new form, a
survey was conducted for the purpose of analyzing the appli-
cations on file at thal time and awaiting action. It was found
that many of these applicalions were requests for authority to
replace one type of authorized equipment with another type of
equally acceptable equipment. In some instances the new
equipment was similar in type but produced by a different
manufacturer, and had a slightly different power rating. 1In
other cases it was found that the applicant was requesting a
change in power in order lo meet unforesecn requirements.

It was then decided to explore the possibilily of publish-
ing a list of equipment which the Commission might determine
as acceptable for licensing purposes, and to issue an authoriza-
tion which, in effect, would encompass all equipment on the
list. Then, if each licensee were permitted !o interchange
equipment, without seeking modification of his authorization.
the need for submitting such requests would be eliminated.
Further study of the problem indicated that such a procedure
was entirely feasible, and it was therefore adopted.

Insofar as the Public Safety, Industrial, and Land Trans-
portation Radio services are concerned, this action has reduced
considerably the number of applications in which authority to
replace equipment is requested, and time formerly spent in
processing such applications can now be devoted to applica-
tions for new facilities. Licensees should be very careful,
though, when changing equipment to be sure that the new
equipment is in fact on the list.! Special authority is required

*Safety and Special Radio Services Bureau, Federal Communications Com-
mission, Washington 25, D. C.

iEpiTor’s Note: The complete list of approved types, with additions and
revisions as of May 1, 1953, is contained in the Appendix to the Registry
of Public Safety Systems, published by CommuNIicatiON ENGINEERING.
The list of approved transniitters is not distributed by the FCC.
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to operate unlisted equipment. Such authority is listed on the
authorization under “Special Conditions.”

In order to allow for maximum flexibility in interchanging
the equipment, it was necessary for the Commission to au-
thorize the maximum power permitted by the Rules. It should
be noted. however, that the Rule requiring the use of the
minimum power necessary for adequate comimunications must
still be observed. This is stated in seclions 10.106, 11.106 and
16.106, and reads as follows:

“The power which may be used by a station in these serv-
ices shall be no more than the minimum required for satis-
factory technical operation commensurate with the size of the
area to be served and local conditions which affeet radio trans-
mission and reception.” (Underscoring supplied.)

Applications which are submitted in proper form can be
processed quickly. Defective applications require additional
time to process and. in many cases, must be returned to the
applicant for correction. Many of the defects apparently are
caused by unfamilarity with the new form and the new proce-
dures. One of the most common errors is the entering of such
words as "On File,” "No Change,” or “See Exhibit No.—", in
the aulhorization portion of the form. Items 1 through 7
maust he answered completely each time the application is sub-
mitled, because these items constitute the hody of the author-
ization. Applications for modification of existing authority
should be prepared in exaclly the same manner as an applica-
tion for a new station, except that any supplementary material
which is on file with the Commission, and correct at the time
the applicalion is submitted, need not be refiled.

For example, suppose a base station transmitler is located
at 1234 Main Street, and it is desired to move it to 5678 Spring
Street. The new location — 5678 Spring Street. and the
new geographical coordinales should be shown in Item 3; the
new antenna height should be shown in Item 7; the box oppo-
site the word "Modification” in Item 16 (a) should be checked;
and the nalure of Lhe desired modification, which in this case
would be “change location of base station iransmilter,” should
be stated in Item 16 (b).

Many applicants fail to show in Item 4 (a) the name of
the radio service in which they desire to operate. ‘‘Public
Safety,” “Industrial,” or “Land Transportation” should not
be written in, as these titles are not names of specific radio serv-
ices. “Police,” “Fire,” “Power,” “Special Industrial,” “Rail-
road.” “Taxicab,” or another appropriate name should be
shown inslead. A complete listing of the names of all the serv-
ices for which the Form 400 may be used is included in Parts
10, 11, and 16 of the Rules, and also in the Instructions for
completion of FCC form 400.

Many radio communication syslems consist of a base sta-
tion and a group of mobile units. In such cases the base sta-
tion and the mobile units may be combined on one authoriza-
tion and the area of operation of the mobile units shown in
Item 5. The area of operation of the mobile units should not
be shown on the base station authorization if the mobile units
are covered on a separate authorization. Anyone authorized
a base station and a group of mobile units on one license, when
applying for a second base station, should submit three com-
plete applications; one for the existing base station only, one
for the new base station, and one for the group of mobile units
showing the area of operation of these units. (Two or more

Continued on page 37
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Tower Rules

SIMPLIFIED PRESENTATION OF FCC
RULES ABOUT ANTENNA STRUCTURES

N June 80, 1953, a recapitulation of FCC Rules Part 17,

concerning construction, marking, and lighting of an-
lenna structures, was published in the Federal Register. This
incorporated all revisions up to and including that of June 3,
1953. Since it supersedes all previous material in Part 17, this
information is presented lLere in rearranged and simplified
form for quick reference.

Applications: FCC Form 301, section V-G must be filed with
all broadcast applications for radio facilities. Form 401-A
(revised) must be filed with any non-broadcast application for
radio facilities in the following cases:

1) When the overall height of the proposed antenna struc-
tures will exceed 170 ft. above ground level, unless the an-
tenna is to be mounted on an existing man-made structure
and does not increase overall height by more than 20 ft.. or

2) When the overall height of the antenna structures will
exceed one ft. above an established airport landing area® eleva-
tion for each 200 ft. from the nearest boundary of the landing
area, unless the overall height is less than 20 ft. or the antenna
is mounted on an existing man-made structure or natural for-
mation and does not increase the overall height of the structure
or formation by more than 20 ft.

Processing Policy: All applications whicli, according to the
criteria in the next section, require aeronautical study are re-
ferred by the FCC lo the Airspace Subcommittee of the Air
Coordinating Committee for its recommendation. If this sub-
committee recommends approval of the application, the FCC
will assume that the proposed structure would not constitute
a hazard to air navigation and will process the application ac-
cordingly. If the subcommittee recommends denial of the ap-
plication or if its members disagree as to whether the applica-
tion should or should not be denied, the applicant will be noti-
fied and the FCC will take whatever further action seems
appropriate under the circumstances.

All applications which do not require aeronautical study ac-
cording to the criteria in the next section will be assumed by
the FCC not to constitute a hazard to air navigation, and will
be processed without reference to the Airspace Subcommittee.

Aeronautical Study Criteria: In no case is an aeronautical
study required for an antenna which is to be mounted on an
existing natural or man-made structure, if the overall height
of the structure will be increased 20 ft. or less. All other an-
tenna structures over 500 ft. in overall height require aero-
nautical study, regardless of location.

Antenna structures over 170 ft. up to and including 500 ft.
in overall height require aeronautical study if a) they are
to be located in areas of established coastal corridors?, or if
b) antenna structures less than 500 ft. high would necessitate
raising the minimum flight altitude within civil airways® and
designated air traffic control areas,? or ¢) if the antenna struc-

1A landing area is any locality on land or water which is used or approved for use
for the Janding and takeoff of aircraft, regardless of other facilities.

3These are certain established corridors of low-leve! flight paths from Dept. of
Defense or Coast Guard air stations located within 20 miles of the Atlantic,
Pacific, or Gulf Coast. Corridors are 10 miles in width from the air stations to the
nearby coasts. Information on these corridors will be available from aeronautical
charts, CAA publications, and regional CAA offices.

8,4Aerial routes and traffic control areas designated by the Administrator of Civil
Aeronautics. Information can be obtained from CAA publications and regional
offices.

20

ture would project above the landing area, or the limiting
heights or surfaces specified in the remainder of this section, of
any airport now in existence or which is provided for in ap-
proved plans.

Antenna structures 170 ft. or less in overall height do not
require aeronautical study unless they are in the vicinity
of airports and approach areas and would project above the
lLieights or surfaces set forth in the remainder of this section.

Antenna structures in the vicinity of airports and approach
areas will require special aeronautical study if they project
above the following heights or surfaces:

a) In instrument approach areas, more than 100 ft. above
the ground or 100 ft. above the elevation of the approach end
of the runway, whichever is higher, within 3 miles of the run-
way ends and increasing in height above ground at the rate
of 25 ft. higher for each additional mile of distance from
the runway ends, but not to exceed 250 ft. within ten miles
of the runway ends.

b) More than 170 ft. above the ground or the established
airport elevation, whichever is higher, within three miles of the
reference point® of a feeder (or larger class) airport, and

SAn approach surface is an imaginary nclined plane through the air space located
directly above the approach area. An instrument approach area is an approach
area wherein instrument approaches are authorized. Dimensions of approach
areas are measured horizontally. The approach surface extends upward and out-
ward from the beginning of the approach area at the elevation of the runway, at
both ends.

The approach area has a length of 10,000 ft. beginning at 200 ft. (1,000 ft.
for Dept. of Defense air bases) from the eud of each runway on an extended center
line through the runway. Approach areas of all runways which may be used for
instrument operation extend outward an additional 40,000 ft. The approach area
is located symmetrically with respect to the extended runway center line; has a
total width of 1,000 ft. (1,500 ft. for Dept. of Defense air bases) at the end of
instrument runways; and flares uniformly to a total width of 4,000 ft. at the end
of the 10,000-ft. section and to a total width of 16,000 ft. at the end of the addi-
tional 40,000-ft. section. For non-instrumes t runways, the approach area has
total widths at the runway and approach ei ds, respectively, as follows: express
air carrier service and larger airports, 500 :nd 2,500 ft.; trunk line air carrier
service airports, 400 and 2,400 ft.; feeder air carrier ser\ ice airports, 300 and
2,300 ft.; secondary airports, 250 and 2,250 ft.

For instrument runways the slope of the approach surface along the extended
runway center line is 50 to 1 for the inner 10,000-ft. section, and 40 to 1 for the
outer 40,000-ft, section. For all other runways as long or longer than that required
for feeder air carrier service, the slope of the approach surface is 40 to 1. On air-
ports with runways of shorter leugths, the slope of the approach surface is 20 to 1
for all runways.

8The reference point is a point selected and marked at the approximate geometnc
center of the airport landing area.
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increasing in height above ground at the rate of 100 ft. for
each additional mile of distance from the airport (but not to
exceeed 500 ft. above ground).

¢) Any elevation which would increase the final approach
minimum flight altitude.”

d) The approach surface, horizontal surface,® conical sur-
face,Y or transitional surface.10

In any aeronautical study, the circumstances that the an-
tenna structure would be shielded by natural formations or
existing man-made structures will be taken into account. No

"The final approach minimum flight altitude is that normally established by the
highest point within 5 miles of the center line of the final approach course of the
radio facility used for final let-down, extending for a distance of 10 miles along
this course outward from the radio facility. These altitudes are published in
Instrument Approach and Landing Charts and the Flight Information Manual.

EThe horizontal surface is an imaginary plane, circular in shape, 150 ft. above the
established airport elevation and having a radius from the airport reference point
according to the following table: intercontinental express airports and Dept. of
Defense air bases, 13,000 {t.; intercontinental airports, 11,500 ft.; continental
airports, 10,000 fit.; express airports, 8,500 fi.; trunk line airports, 7,000 ft.;
feeder airports, 6,000 ft.; smaller airports, 5,000 ft.

%The conical surface is an imaginary surface extending upward and outward
from the periphery of the horizontal surface, having a slope of 20 to 1 measured

structures presently existing or authorized are affected by these
criteria.

Painting and Lighting: Antenna structures must be painted
and lighted when they require aeronautical study or when
they exceed 170 ft. above the ground. Where aeronautical
study is not required, painting and lighting specifications given
here will be assigned; these same specifications will usually ap-
ply if aeronautical study is required, although the FCC may

Continued on page 43

in a vertical plane passing through the reference pomt Measurmg radially out-
ward {rom the periphery of the horizontal surface, the conical surface extends
for a horizontal distance of 7,000 ft. for intercontinental and intercontinental
express airports and Dept. of Defense air bases; 5,000 ft. for continental, express,
trunk line, and feeder airports; and 3,000 ft. for all smaller airports.

1T yansitional surfaces are imaginary inclined planes at right angles to the run-
way, with a slope of 7 to 1, extending upward and outward from lines paralle
to and level with the runway. These lines are at horizontal distances from the
runway equal to half the minimum width of the approach area. Transitional sur-
faces extend from the edges of all approach surfaces to the intersection with the
horizontal surface or conical surface. Approach surfaces for instrument runways
projecting through and beyond the limits of the conical surface have transitional
surfaces extending to 5,000 it, measured horizontally and at right angles to the
edges of the approach surfaces.
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Project Tinkertoy

DESCRIBING A NEW CONCEPT OF MECHANIZED PRODUCTION, AND THE TECH-
NIQUES WHICH HAVE MADE IT POSSIBLE OF REALIZATION IN PILOT RUNS

This technical report from the National Bureau of Stand-
ards describes a development that will, certainly, rank among
the most significant of the year. The particular operation de-
scribed was developed specifically to produce military electronic
gear, but there is no insurmountable reason why the basic sys-
tem or a modification cannot be adapted to any type of com-
munication equipment to be produced in reasonable quantities.
Further information can be obtained from the sources given in
the bibliography at the end of the article—FEpiTOR.

N automatic production line for the manufacture of elec-
tronic products, and a novel system of electronics design
which makes this possible, have been developed by the Na-
tional Bureau of Standards. The program which resulted in
these developments was code-named Project Tinkertoy.”
Starting from raw or semi-processed materials, machines
manufacture automatically ceramic materials and adhesive
carbon resistors, print conducting circuits, and mount resistors,
capacitors, and other miniaturized component parts on stand-
ard, uniform steatite wafers. The wafers are stacked much
like building blocks to form a module capable of performing
all the functions of one or more electronic stages. Auto-
matic inspection machines check physical and electrical char-
acteristics of the wafers and the parts thereon at numerous
stations along the production line. The completed module is
a standardized, interchangeable subassembly combining all of
the requirements of an electronic circuit with ruggedness. re-
liability, and extreme compactness.

*Sponsored by the Navy Bureau of Aeronautics.

Project Tinkertoy was begun in May, 1950, and has
reached the point at which electronic subassemblies can be pro-
duced successfully by mechanical means. The pilot plant,
Fig. 1, is operated by a commercial contractor as part of a
large-scale production evaluation program under the Bureau’s
technical direction. The basic objective of the Bureau of Aero-
nautics in establishing the program was the development of
facilities or syvstems suitable for rapid mobilization in emer-
gency periods. The facilities are also dual-purposed in nature,
and are expected to reduce lead time in production.

Basic Philosophy: The key to the automatic, mechanized
production of electronic equipment is the design system devel-
oped by NBS. Called MDE, for Modular Design of Elec-
tronics, the system depends on a series of mechanically stand-
ardized and uniform modules (building blocks), producible
with a wide range of electrical characteristics.

LEaclh module, as shown in Fig. 2, consists of some 4 to 6
thin ceramic wafers bearing various circuits associated with
a specific stage. A number of individual modules are com-
bined to form a major subassembly. The composition of
modules into major subassemblies is possible because there
is great similarity between circuits and parts of ecircuits in
modern equipment.

Electronic assemblies consist largely of electronic tubes
and arrays of simple parts, such as resistors and capacitors,
which account for the mass of the individual parts and are
also responsible for the bulk of the manual work in conven-
tional production. These assemblies have been the chief
target for redesign in the MDE system. In Fig. 3 are shown
a typical assembly produced by conventional hand methods
and an equivalent MDE-designed unit.

The production of modules and assemblies, designed in ac-
cordance with the MDE system, is achieved mechanically; the
process is termed MPE for Mechanized Production of Elec-
tronics. Non-critical raw materials are used for the most part.
Ceramic wafers, 7 ins. square by 1/16 in. thick, are produced
directly in quantity from the raw ingredients. Ceramic capaci-
tors are produced in a similar fashion. Another part of the
line produces adhesive tape resistors.

FIG. 1, BELOW: EXPERIMENTAL PRODUCTION PLANT FOR MPE ASSEMBLIES

FIG. 2, LEFT: CERAMIC WAFER ON WHICH IS MOUNTED THE INDIVIDUAL
CIRCUIT COMPONENTS, AND COMPLETED MODULE CIRCUIT SUBASSEMBLY

CoxyuxicaTioNn ExcineEring November-December, 1953
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FIG. 4. DIAGRAM OF THE NBS-DEVELOPED COMPLETELY AUTOMATIC PRODUCTION LINE FOR MANUFACTURING AND TESTING CIRCUIT SUBASSEMBLIES

These and other basic parts are fed into the production
Iine, shown schematically in Fig. 4. The appropriate circuits
are printed by automatic machines. Circuit configuration is
achieved through photograpliic processing; quality control is
established by automatic inspection, directed by information
prepared in punched card form. Special components, not suit-
able for printing techniques, can be incorporated into the
modules. Automatic physical and electrical inspection is pro-
vided for in the production line.

The svstem is based almost enlirely on the use of bulk or
semiprocessed materials, since the MPE line produces all the
large-quantity parls except for the tubes. Joining modules
together to form subassemblies can also be accomplished by
machines. The pilot plant is designed for x« production goal
of 1,000 modules per hour.

Modular Design: In a system such as that described, flexi-
bility of product and the general characteristics of conven-
tional assembly methods are compatibly combined. At the
same time, produet standardization and uniformity — the pre-
requisites for economical processing by automatic machinery
— are inherent in the system. Interconnection is relatively
simple between any number of modular units. By combining
modular assemblies containing different component parts, cir-
cuits can be developed to amplify signals, generate and shape
waves, scale count, and perform conventional clectronic func-
tions.

In the MDE design system lhe conventional circuit dia-
gram of the tested electronic model is dispensed with. All nec-
essary production programming information is given on a work
sheet. Each work sheet contains the front and back outlines
of six wafers with appropriate numbering to identify each
notch in the wafers, each riser wire, and the component (s) to
be mounted on each wafer. The engineer translates his con-
ventional wiring diagram to an MDE diagram. He indicates
the position of the piece and its proper value and tolerances.
Lines are drawn to indicale how the circuits between wafers
are to be connecled.

FIG. 3. BELOW: CONVENTIONAL HAND-ASSEMBLED UNIT, MPE COUNTERPART

FIG. 5, RIGHT: CERAM|C WAFER MOLDING MACHINE WHICH CAN OPERATE
AT THE RATE OF 2,800 PIECES PER HOUR.

WAFERS MUST THEN BE CURED

formerly FA/-TV Rapio CoMMUNICATION

The engineer’s work sheet becomes the basic document
from which a draflsman makes an ink drawing that can be
reproduced in large numbers. The draftsman prepares also a
larger version of the work sheet that is photographed and sub-
sequently used to make stencils for the circuit-printing ma-
chines. The numbers of wafers and the tube sockets listed on
the work sheets give an indication of the quantity of raw cera-
mic materials that must be mixed. The number and value of
resistors marked on the work sheets determine the required
production of lape resistors.

The work sheel is used also lo establish the inspection pro-
cedure. Current paths on each wafer are marked on punch
cards. These cards accompany the wafers through all the
manulfacturing processes. Finally, the sheet is used in the con-
struction of the standard modules or counterparts that arc
employed in final testing and inspection.

Mechanized Produetion: The MPE process consists of the
mechanized production of ceramic wafers, titanate capacitors,
and tape resistors. as well as their automatic assembly and
inspection. In some military equipment a single chassis may
have as many as 100 resistors and 100 capacilors. Facilities

of the pilot plant provide for the manufacture of nearly all
these pieces from raw materials.

Steatite wafers and tube sockets are processed from tale,
After thorough mixing, milling,

kaolin, and barium titanate.




and drying, the pieces are stamped out at about 2,800 per hour
by the machine shown in Fig. 5. They are cured at 2,300°
F.in a tunnel kiln. Then, the pieces are mechanieally gaged;
all that do not conform to close tolerances are rejected.

The standard wafer is pressed with 12 peripheral notches
(three on a side) and a keying notch on one side. In the final
module assembly, riser wires are soldered automatically into
the twelve notches, and serve as physical supports for the
module as well as electrical connectors between wafer-mounted
circuits.  The keying noteh is a medium by which individual
wafers are machine-oriented for the application of component
parts.

Titanate capacitor bodies are manufactured in much the
same manner as the ceramic wafers. The capacitor is 4 non-
porous ceramic composed usually of magnesium, barium, cal-
cium, and strontium titanates of high purity, with organic
binders and water. After firing, it is about %% in. square and
1/50 . thick. Capacity values can be varied from 7 mmf. to
01 mfd. by changing the relative proportions of the constit-
uent minerals. Raw material batches weighing about five
pounds will produce about 100,000 capacitors.

Materials required for the manufacture of tape resistors
are a heat-resistant asbestos paper tape known as Quinterra,
polyethylene tape, carbon black or graphite, resin, and a sol-
vent. The resistor formulation — a mixture of the carbon.
resin, and solvent — is ground to a fine adhesive powder. The
compound is then sprayed on a loop of Quinterra tape, and a
protective coating of polyethylene tape is applied. The tape
1s slit into five or six narrow strips and stored on rolls in a
refrigerator. A 75-ft. roll of tape makes over 10.000 resistors.
The tape resistors produced have a range from 10 ohms to 10
megohms, will hold rated resistance within == 109% up to tem-
peratures near 200° F., and are capable of 14-watt power dissi-
pation at the operating temperature.

Metallizing is the name given to a series of operations in
which appropriate sections of the wafer or capacitor body are
silver-painted. During these operations circuils are printed
on the wafers, notches are coated. conducting surfaces and
leads are applied to capacitors, components are furnace-cured,
and circuits are inspected. Finally, all silvered surfaces re-

FIG. 8. WAFER INSPECTION CIRCUITS ARE SET UP BY PUNCHED CARD

ceive a thin coating of solder. All the operations are mech-
anized.

Fig. 6 is a view of a wafer pattern printer. As the wafers
are issved from a vibratory feeder in the foreground, they pass
under a stencil screen bearing circuit patterns for up to six
wafers. Patterns are printed simultaneously with the appro-
priate silver conduecting ecircuit. The paint is dried partially
in the oven visible in the background and the wafers are in-
verted. The unprinted surfaces are then exposed under an-
other stencil sereen bearing appropriate circuit patterns. Pat-
terns are then physically and chemically bonded to the wafer
surfaces in a curing furnace.

The keying notch pressed into each wafer is used initially
during the metallizing operation. Wafers are loaded into vibra-
tory bawl feeders, Fig. 7, which have spiral escape channels. A
series of four exit ports followed by steps are set into the chan-
nels. A small serew is inserted into each exit port that per-
mits only those wafers to pass on which the key is aligned with

FIG. 6, LEFT: WAFERS ARE PRINTED ON BOTH SIDES IN THIS MACHINE
FIG. 7, BAOW: A VIBRATORY BOWL FEEDER WHICH ORIENTS THE WAFERS
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FIG. 10. ONE OF THE AUTOMATIC FACTORY’S SURFACE TINNING MACHINES

the screw. If the walfer is incorrectly oriented, it is turned 90°
as it falls down the channe! step following the exit port. A
grooved channel inverts the wafer if it fails to pass through the
other four ports, and the keying procedure is repeated. Con-
sequently, all wafers passing from the feeders are oriented in
the same direction and have the same surface turned upward.

Anolher feature of the vibratory bowl feeders is the mech-
anism tha! controls the quantity of wafers being issued. The
issutng channel is provided with a photoelectric cell that func-
tions only if the light path is completed. If the chaunel is not
filled with wafers, the completed photocell light path energizes
the eireuit, causing the bowl to vibrate. When the channel is
full, the bowl stops vibrating and, therefore, stops issuing
wafers.

Inspection of pattern-printed wafers can be seen in Fig. 8.
The appropriate inspection circuit is programmed by a
punched card, which accompanies the particular batch of
wafers from its initial printing up to its final assemhly into a
module. Wafers are loaded into a vibratory feeder which is-

FIG. %, BELOW: THIS MACHINE BONDS UP TO 4 CAPACITORS ON A WAFER
FIG. 11, RIGHT: PART QF THE MODULE ASSEMBLY SECTION OF MPE PLANT

formerly FM-TV Rapto CoMMUNICATION

sues them to an inspecling deviee that checks and accepts
those wafers bearing the proper conducting circuits.

Tape resistors, titanale capacitors, tube sockets, and other
miniature parts are mounted on the wafers between the ap-
propriate silvered conducling patterns. Rolls of resistor tape
are fed to a machine that cuts the tape into Ye-in. lengths,
presses the resistors belween the printed electrodes on the sur-
face of the wafer, applies pressure, and ejects the completed
resistor-mounted wafer. As many as two resistor tapes can be
applied to each wafer surface.

A single machine is used to mount up to two capacilors
on each surface of a wafer. Each capacitor is oriented and the
silvered circuit on each surface is tested electrically before
mounting. For example, if four capacitors are to be mounted
on a wafer, the first lwo are dropped into a conveyor-driven
jig. They are followed by a slave that centers the capacitors,
and the properly-oriented waler is added. The remaining two
capacitors are dropped on top of the wafer. The jig is conveyed
through a pair of induction heaters that cause the tinned sur-
faces on the parts to bond. Fig. 9 gives one view of the capa-
citor-waler assembling machine.

In the tube socket assembler, silvered tube pins are set
mechanically into the proper holes in the steatite tube socket,
2 wafer is placed on top of the socket, and a rivet binds the
two picces logether.

After the various parts have been mounted on the wafers,
the notches on the wafers are tinned with solder. The machine
for this purpose grips each component-mounted wafer and
dips one side into flux and solder. The tinning operation is
repeated on the other three sides after successive 90° turns of
the wafer. This operation is shown in Fig. 10.

Uniform component parts, including wafer-mounted coils,
toroids, potentiometers, and crystals, can then be assembled.
The complete assembly of the module is accomplished in a sin-
gle machiue, Fig. 11. Six vibratory feeders issue the wafers to
a loading device that holds the waters in an upright position
between sets of jaws. A chain drive carries the jig to a solder-
ing position at which six riser wires are guided into appropriate

Continued on page 46




COMMUNICATION REVIEW

a resolution at the recent annual meeting in Detroit
concerning AT&T’s statement of policy with regard to
interconnection of Telephone Company facilities with private
or municipal communication systems. It will be recalled that
the offer was made to purchase such systems, where practi-
cable, and to lease them to the original owners. Apco’s reso-
lution called on the International Association of Chiefs of
Police to “take cognizance of this nation-wide and concerted
. effort by . . . oulside interests trying to inject themselves
into this vital and sensitive internal function of our law en-
forcement agencies, and that its members resist this effort to
the best of their ahility and in the best interests of police
adininistration.”

Thus, as expected, reaction to AT&T’s proposal has been
swift, universal, and (for the most part) condemnatory.
Reasons for this attitude are not hard to unearth, and the
major ones are not selfish in nature.! The danger is that it
will appear to be an attractive offer to some supervisors of
vital systems having maintenance difliculties. Indignation is
running high because a well-known southeastern municipal sys-
tem has already been turned over lto Southern Bell.

THE Associated Police Communication Officers adopted

ON October 13, Major Armstrong, assisted by John Bose,
delivered a highly significant paper on multiplex FM transmis-
sion before a joint meeling of the Radio Club of America and
the Audio Engineering Society at Columbia University. This
was accompanied by a striking demonstration of reception
from station KE2XCC at Alpine, N. J., and tape recordings
made under test conditions.

While the paper was concerned mainly with FM broadcast-
ing of two different programs, or two channels for binaural
reception, this development furnishes the means to provide
new communication services.

Stated simply, it is now possible for an FM broadcast sta-
tion to handle one or two voice connunication channels with-
out interfering with its regular 15.000-cvcle broadcasl program.
Since FM transmitters are of substantially higher power than
those used for communication, and have high-gain antennas

1See the extensive discussion of this matter in Communication Review,
last issue of CoMMUNICATION ENGINEERING.

EQUIPMENT FOR 2.CHANNEL TRANSMISSION ON BROADCAST FM CARRIER

of substantial height, most of them can provide solid coverage
over a radius of 50 miles or more over rough terrain, and up-
wards of 75 miles in flat country.

This added facility is too new for the FCC to have given it
any formal consideration yet. However. since it opens up the
possibility of adding two communication channels at each of
some 650 FM transmitters without the slightest interference
with broadcast service, it is certain that the Commission will
welcome this development as a means of relieving congestion
in the safety and special services. Moreover, it opens up pos-
sibilities for new types of systemns or services because of the
enormous coverage obtainable. Such a station as WMIT, for
example, can deliver solid coverage over an area of nearly
100,000 square miles.

Consider how advantuageously two long-range channels
could serve a manufacturing company that had plants and
offices in outlying sections of a city where there is an FM sta-
tion. One channel could be used for communication with com-
pany cars and trucks, while the other could be free to serve
for special messages and paging.

Probably Major Armstrong used two broadecast programs
for demonstration purposes because they provided the most
severe test of his method of multiplexing. It is a relatively
simple matter to substitute two narrow-band voice channels
for the second 8,000-cycle program channel.

Under 15,000-cycle modulation on the first channel, and
8,000 cvcles on the second, the signal-to-noise ratio was better
than 70 db with 1 millivolt at the input of the receiver.
Cross modulation in the second channel from the first was
better than 60 db below the program on the second channel.
The effect of the second on the first was insignificant.

FM broadcasters will surely welcome proposals to add such
communication services, as a means of obtaining additional
revenue, It is reasonable to expect, therefore, that Major Arm-
strong’s latest contribution to the radio art will soon material-
ize in various commercial, profit-making forms.

PROPOS FM broadeasting and the FCC, Commissioner
Edward M. Webster said in September, “If the broadecast in-
dustry does not take some steps to increase the utilization of
the FM frequencies, I have no hesitancy in stating that I
would have difficulty in finding it in the public interest to retain
all of the 88 to 108-megacycle band for FM broadcasting in
the event the Commission is petitioned to reallocate a portion
of the band to accommodate new services or to relieve the con-
geslion in existing services.

“The figures, I believe, clearly indicate that efficient usage
of the 88 to 108-megacycle FM band is not being made by the
broadcasting industry. Therefore, any radio service which is
not making efiicent use of its available frequencies is, in my
opinion. in a somewhat untenable position with respect to
justifying its right to retain all the frequencies allocated to it.

“In view of lhe figures previously mentioned, I fear that
the FM broadecast service may find itself in such a position in
the face of the constant demand for additional frequencies by
the non-broadcast services already authorized, as well as de-
mands for the establishment of new services which would also
require additional frequency allocations. Many of the estab-
lished services are operating under extreme conditions of fre-
quency congestion, and additional spectrum space for those
services could provide for more eflicient operation and per-
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haps a broader scope of permissible communications.” Cer-
tainly, food for thought. Current general opinion is that part
of the FM band would be ideal for reallocation of present 72
to 76-mec. assignments.

ACCORDING to a report by the FCC Safety and Special
Radio Services Bureau. applications will be processed on an
immediate basis by the Bureau by January. But when appli-
cations require special handling, there will still be some delay.
These include appulications for facilities not in accordance
with the Rules, those which must be designated for hearing,
those which conflict with government assignments, those which
must have an aerial survey, those for experimental frequencies,
those for STA’s, and those specifying equipment not on the
approved list. Currently, 450-mmc. applications involve some
delay because they are checked by the engineering stafl.

IN a paper given at the Fall General Meeting of the AIEE
W. M. Runt, Jr. described the petroleum industry’s radio com-
munication problem in eye-opening terms. Difliculties stem
primarily from the fact that 47% of the industry’s transmit-
ters are concentrated in four States — Texas, Louisiana, Ar-
kansas, and Mississippt — and most of these are in an area
75 miles wide along the Louisiana Gulf Coast.

In the NPRFCA alone there were over 550 radio user-
members, with 21,400 transmitters, as of June 30. A tvpical
system consists of a base station and 100 mobile units. Statis-
tics show that the daily 8-hour message traffic is between 800
and 900, with a call every 30 seconds during peak loads. Ae-
cording to Mr. Rust, continual expansion must entail channel-
splitting and time-sharing; even so, only the fullest coopera-
tion between users can prevent severe service degradation.

Most technical conventions and meetings are so pre-
occupied with TV and computer papers that communication
problems get short shrift. Thereby, the annual meeting of the
IRE Professional Group on Vehicular Communication assumes
additional importance. Theme of the meeting on November
12 and 13 at the Somerset Hotel, Boston, is “Design, ’lanning.
and Operation of Mobile Communications Systems.” Chair-
man of this year's meeting is P. R. Kendall. The program
follows:

First Session
ton Section, IRE.

1) “Address of Welcome,” by the Moderator.

2) “Integrating Microwave and Mobile Radio Systems,”
by J. R. Neubauer, RCA.

3) “A Commissioner’s Reflections on the Mobile Radio
Service,” by E. M. Webster, Commissioner, FCC.

LuncueoN — Keynote address by The Honorable Donald S.
Leonard, Commissioner of Police, Detroit, Mich.

Seconp SessioN — Moderator, Waldo A. Shipman, Chairman
National PGVC.

4) “Duplex and Multi-Channel Mobile Equipment,” by
W. Ornstein, Canadian Marconi.

5) “‘Mobile Radio System Performance in the United
States Iorest Service,” by W. S. Claypool, U. S. Dept. of
Agriculture.

6) “Electronics in Action,” film by Raytheon.

7) “The Knee of the Nose,” by R. P. Gillord, General Elec-
tric Company.

8) “Maintenance of Mobile Equipment,” by M. G. Steele,
New England Telephone Company.

Trirp SessioN — Moderator, Frederick T. Budelman, Past
Chairman, National PGVC.

9) “Portable Equipment in Communications Systems,” by
W. J. Weisz, Molorola.

10) “Mobile and Fixed Radio Relay Operation in the

Moderator, Beverly Dudley, Chairman Bos-

formerly FM-TV Rapio CoyMyuxNicaTION

Power Radio Service,” by G. E. Dodrill, Rural Electritication
Association.

11) “Problems in Maintenance and Operation of Long-
Haul and Distribution Radio Networks,” by D. E. York,
United Fuel Gas Company.

12) “Planning and Operation of the Erie Railroad Main
Line Radio Communications System,” by W. J. Young, Erie
Railroad.
Fourtr SessioN — Moderator, Robert W. Lewis, Chairman
Boston Chapter, PGVC.

13) Discussion and question period.

Copies of the proceedings will be available from the PGVC.

A gentle warning to the entire industry came from Edwin L.
White, Chief of the Safety and Special Services Bureau, speak-
ing before the IMSA in Columbus, Ohio. Colonel White said
that frequency coordinating committee recommendations may

CHESTER GOULD, CARTOONIST-CREATOR OF DICK TRACY AND HIS 2-WAY
WRIST RADIO, IS SHOWN MOTOROLA HANDIE-TALKIE BY DANIEL E. NOBLE

have to be reexamined; that some committees “are taking the
easy way out and are approving all requested assignments
without study;” that one comunittee had approved a request
“apparently withoul investigation, to use a busy frequency,
even though there was an idle frequney available in the area.”

The damage such practices can do to orderly, efficient util-
ization of the precious spectrum cannot be overstated. Recti-
fication lies best in the hands of the presently responsible par-
ties — the organized radio nser associations.

REPRESENTATIVES of the petroleum, railroad and
utilities industries and the RETMA Microwave Section will
meet December 2 and 8 at San Antonio to prepare a final draft
of recommended rules on microwaves for submission to the
T'CC. It is probable that the recommendations. which may be
submitted by January 1, will be general and will include the
suggestion that licenses be issued for systems rather than in-
dividual stations.




Microwave Multiplex Techniques

HISTORY OF MULTIPLEXING — BASIC MULTIPLEX METHODS — DETAILS OF
FREQUENCY DIVISION TECHNIQUES — SIGNALING — By E. J. RUDISUHLE*

HE era when a radio communication circuit consisted of a

single-channel point-to-point system came to an end sonme
time ago. The luxury of a single channel over each transmis-
sion path can now be afforded only in certain special cases,
such as on mobile radiotelephone and ship-to-shore systems. In
commercial applications, whether used by telephone and tele-
graph utilities or in private industry, alinost every poiut-to-
point communications syslem must be capable of carrying
many channels,

Modern communication systems yield high-quality eircuits
for telephony, telegraphy. and telemetering. The demand for
these eircuits is constantly increasing, and the communication
engineer must continually find better and more economical
means to provide them.

Typical examples of the extent to which transmission paths
can now be multiplied in usefulness can be seen in the tele-
phone industry, wherein one pair of wires is made to provide
as many as 16 telephone channels, two cable pairs are made to
carry up to 24 channels, and a microwave radio system can be
made to furnish as many as 1,800 channels. Maximum use is
aclieved also in the armed forces, wlere logistic considerations
require a great number of communication cireuits with a mini-
mum of equipment.

Economic factors frequently dictate the use of multiple cir-
cuits on another type of transmission medium, such as those
employed in the electric power field. High-voltage power lines
are often used to provide several voice communication circuits.
These channels can be further subdivided to supply telegraph
channels or a number of telemetering circuits for controlling
and metering in the system. Because communication engineers,
radio supervisors, and maintenance technicians are becoming
more concerned with multi-channel point-to-point systems,
particularly microwave circuits, this article deals with the basic
methods and techniques of multiplexing as applied to such
carriers.

History of Multiplexing: Multiplexing of communication
circuits is accomplished primarily with two basic types of
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FIG. 1. DIAGRAM OF TYPICAL FREQUENCY DIVISION MULTIPLEX SYSTEM

equipment. The best-known and oldest method is frequency
division, wherein each voice-frequency band is superimnposed
on a selected carrier frequency above the audible range. By
using a number of different frequencies and a svstem of filters,
many voice channels are thereby obtained in the available ire-
quency spectrum. The other common method is time-division,
by which short-duration samples of each signal are transmitted
at a rapid rate.

Frequency division multiplexing has been in use sitice the
1880’s, when a number of pioneers — notably Elisha Gray,
Pupin, Leblane, John Stone Stone, and Hutin — were experi-

*Engineering Representative, Lenkurt Electric Company, San Carlos 1, Calif.

menting with vibrating-reed types of equipment in an effort
to supply more than one telegraph circuit on a single pair of
wires.

These early primitive circuits used tuning forks to supply
carrier frequencies for both modulation and demodulation.
Later, magnetic-core receivers were employed; in one of the
early experiments, an electrolytic demodulator was employed.

Invention of the wireless diverted much of the best engi-
neering and creative talent to radio. However, in 1910 and
1911 Major (later Major General) G. O. Squier of the U. S.
Army Signal Corps demonstrated a successful telephone carrier
system operated over a short cable circuit.

Since Squier’s research, the history of frequency division
multiplexing has been closely associated with that of the com-
mercial telephone industry. The Bell Telephone System and
later its Laboratories were responsible for the major develop-

_VOICE
FOUR WIRE TRANS. FREQ.
Ay
BALANCING
NETWORK
RRIER
RS LINE
fion

R “Rs FOUR WIRE REC.
RL TRy | FOUR WIRe Rec.

FIGS. 2 AND 3. HYBRID NETWORK AND A BALANCED MODULATOR CIRCUIT

ments in the field. The use of vacuum tubes in amplifier,
modulator. and demodulator circuits, development of modern
filter theory, solution of a number of critical line transmission
problems, and the design of the first commercial frequency
division multiplexing or carrier system were all Bell develop-
ments.

The first commercially-practical carrier circuit, a labora-
tory niodel, was tested in 1914 and proved itself in a South
Bend, Indiana to Toledo, Ohio test circuit. This was followed
rapidly by development of standard commercial equipment for
use throughout the American Telephone & Telegraph Com-
pany’s long distance systems. In 1921 this commercial equip-
ment was being installed on open-wire pairs to provide an ad-
ditional three channels of telephone communications. By 1928,
several transcontinental carrier circuits were in operation along
with many shorter circuits between such points as Chicago and
Pittsburgh and between San Francisco and Los Angeles.

By 1933, development had proceeded far enough to permit
design of 12-channel transcontinental cable carrier systems.
Economic factors in the early 1930’s delayed their use, but by
1938 the first such systems weve in commercial operation.

Two trends in the design of modern carrier systems are sig-
nificant. First is the use of compandors (dynamic range com-
pressors and expandors) to improve signal-to-noise ratios and
to permit certain relaxations in design requirements. Second
is the miniaturization of systemns demanded by the increasing
need for additional toll ecircuits and the associated problem of
housing the equipment.

Characteristics: Frequency division systems have a number
of advantages. especially for telephone circuits and other in-
stallations where the channelizing equipment must fit into an
already-existing communication network.

One of the most important advantages of frequency divi-
sion 1s the comparatively narrow transmission bandwidth re-
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quired. Single-sideband frequency division systems can supply
a voice channel 3,400 cycles wide in 4,000 cycles of bandwidth.
This narrow bandwidth permits extensions of frequency divi-
sion systems on cables and open-wire lines without bringing
each channel down to voice frequencies.

The narrow bandwidth is advantageous also in micro-
wave channels for which the bandwidth is limited. Some
radio allocations are already severely limited in bandwidth
by the FCC, and it can be expected that other allocations
will be similarly limited as their use continues to grow.

A second important advantage of frequency division
systems is the greater number of channels possible. The
maximum number of frequency division channels is limited
only by the available transmission spectrum. In addition,
frequency division systems are generally easy to operate and
maintain, particularly by personnel already trained in voice-
frequency equipment.

Frequeney division systems differ in the types of signals
they produce. Some types transmit the carrier and both
sidebands. In other systems, one sideband is suppressed and
the carrier is transmitted for signaling and synchronization.
In the most common systenis, however, the carrier and one
sideband are suppressed; only one sideband is transmitted.

FIG. 5.

The last type has a number of advantages. One factor
is the amount of power required to transmit the intelligence.
In amplitude modulation systems, thie carrier represents two-
thirds the total power and the sidebands, which include all
the intelligence, one-third the power. Thus, by eliminating
the carrier and one sideband, the intelligence can be trans-
mitted with only one-sixth the power. This results in more
eflicient loading of the radio system or other transmission
medium. It also permits transmission of the sidebands at
a higher level, which results in greater discrimination to noise.

The most significant advantage of single-sideband sys-
tems, however, lies in the economy of frequency spectrum
they provide. Twice as many channels can be accommo-
dated in a given bandwidth with single-sideband as are
possible with double-sideband systems. The following dis-
cussion, accordingly, will be bascd on the single-sideband
frequeney division system.

General Design: Primary component of a frequency division
mulliplexing system is the chaunel unit. Design of this, as
well as that of the entire carrier system, is based on the
principle of dividing the spectrum into frequency bands by
means of filters.

Studies have shown that a frequency bandwidth of ap-
proximalely 2.500 to 3,000 cycles is adequate for transmission
of normal spoken intelligence. Cliannel filters, therefore,
are designed to pass only this frequency band. In the illus-
trations following, a voice frequency band from 200 to 3,200
cycles is assumed.

Each of the voice channels modulates a different carrier
which translates it to a channel above the 8,200-cycle range.
In multiplexing systems, the subcarrier frequencies usually
range from just above the highest frequency in the voice
band to the practical upper limit of the transmission medium

FREQUENCY-ATTENUATION CHARACTERISTICS OF MULTIPLEXING CHANNEL FILTERS USED IN TYPE 45A FOUR-CHANNEL CARRIER EQUIPMENT
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12 FIG. 6. GROUP MODULATION USED IN A 12-CHANNEL SYSTEM
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(the highest permissible modulation frequency in micro-
wave gystems.)

A block diagram of a basic carrier channel is given in
Fig. 1. As shown, the carrier channel can be connected to
either a two-wire or a four-wire physical line. In telephone
industry terminology, a two-wire line indicates that the same
pair of wires is used for both transmitting and receiving.
“Four-wire” indicates that one pair is used for transmitiing
and a sccond pair is used for receiving. Radio circuits, in
teleplione terminology, are considered four-wire circuits since
separate equipment is used for transmtiing and receiving.
In telephone work cable circuits are generally four-wire
systems, while open-wire lines are two-wire.

Ior two-wire operation different frequencies are assigned
opposing directions of transmission. Frequency division
svstems for radio applications are generally four-wire types
with the same frequency band allotted both directions of
transmission. Separation of the transmission directions then
takes place in the radio carrier frequency allocation.

Intelligence entering the carrier system shown in Fig. 1
goes first through the hybrid if the incoming line is two-wire.
A schematic of a typical resistance hybrid for conversion
of a two-wire circuit to four-wire is shown in Fig. 2.

From the hybrid, the incoming signal is sent through a
low-pass filter designed to limit the intelligence to the chosen
range, in this case 200 (o 3200 cycles. The 200 to 8,200-
cycle signal is then applied to a modulator. A number of
different types of modulation and modulators are used in
various carrier systems. In this case, amplitude modulation
employing a balunced ring modulator is used. This is the
mos!. common type of modulation now being used in carrier
systems.

A typical balanced modulator used for a suppressed-carrier
system is diagrammed in Fig. 8. Theoretically, the output
of this modulator is only the upper and lower sidebands, the
voice frequencies and the carrier frequency being balanced
out. Practically, there is some carrier leak, but it is usually
attenuated sufliciently that it does not affect the systen.

fach voice-frequency channel modulates a different
carrier, the frequency of which is selected in accordance with
a standard allocation. A diagram showing the allocation for
a simple four-channcl ecarrier system is given in Fig. 4.

The output of the modulator, nominally only the upper
and lower sidebands, is amplified and sent through a band-
pass filter before {ransmission on the line or the radio system.
The channel filter removes one of the sidebands, either of
which may be transmitted. Typical attenuation character-
istics of channel filters for the Lenkurt type 45A single-side-
band, suppressed-carrier system for open-wire lines can be
seen in Fig. 5. While the voice bandwidth is limited to 3,000
cvcles, each channel carrier is separated by 4 ke. in this illus-
iration. The difference between the voice frequency band-
width and the channel carrier separation provides a guard
hand to reduce the possibility of interference between
channels and to permit the introduction of signaling and
pilot regulation tones.

In the frequency allocation diagram, Fig. 4, it will be
noted that the lowest frequency containing voice intelligence
is 8 ke. The frequencies between 200 and 8.000 cycles have
two functions in radio multiplex systems. An order wire or
service channel usually is assigned from 200 (o 3,200 cycles.
Signaling can be assigned to the 4 to 8-ke. band with all the

FIG. 7. THIS IS HOW A 72-CHANNEL MULTIPLEX SYSTEM CAN BE SET UP BY TAKING ADVANTAGE OF MULTIPLE GROUP-MODULATION TECHNIQUES
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signaling tones for a 12-channel system accommodated therein.
The modern trend in carrier system applications, however, is
toward signaling associated with each voice band. When the
4 to 8-ke. band is not used for signaling, it may be assigned
to telegraph tones or to control. alarm. and supervisory tones
for the radio and carrier equipment.

advantages, chiefly in reducing the number of different units
and in redueing the number of high-frequency components.

Lenkurl types 45 and 33C carrier systems are typical of
those system which ulilize group modulation to obtain
many channels. Type 45D equipment, which in one fre-
quency allocation provides as many as 72 channels for radio
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FIG. 8. BANDPASS FILTER CHARACTERISTICS FOR TYPE 45A PREGROUPS. SHAPE OF THE CURVE VARIES IN THE DIFFERENT FREQUENCY RANGES

The original 200 to 3,200-cycle voice-frequency intel-
ligence, translated by the carrier to a higher frequency and
amplified for transmission, forms one half of a communica-
tion circuit. In telephone terminology, this is a one-way
circuit and may be referred to either as an east-west or west-
east channel, depending on the direction of transmission.
The other half of the circuit can be formed in exactly the
same way, with equipment at the far terminal exactly duph-
cating that at the near terminal.

The receiving circuit for these channels is indicated on
the diagram in Fig. 1. Incoming signals pass through a
filter which rejects all frequencies except those associated
with the given channel.

The frequencies from each channel filter are then applied
to a demodulator, an exact replica of the modulator, and
the voice-frequency inlelligence which results is sent through
a voice-frequency filter to eliminate the undesired sideband.
The intelligence is then amplified and fed to the hybrid for
transmission on Lhe connecting voice-frequency circuit.

Since signals are modulated by one carrier and demodu-
lated by another, it is important that carrier supplies be stable.
Absolute synchronization of carrier frequencies, however, is
not necessary. Modern carrier-frequency supplies, such as
that used in type 45 equipment, are accurate to one part in a
million. End-to-end frequency shift in the 45 system, there-
fore, is less than one cycle.

Group Modulation: The method of adding carrier channels
in which each new channel requires new channel filter designs
and a separate, new carrier supply is used when the number
of channels does not exceed about 12. Beyond that point,
a number of factors necessitate the use of a group-modula-
tion process.

In group modulation a wide band of frequencies includ-
ing the intelligence of a number of voice channels, formed
by regular carrier methods, is used to modulate a new carrier.
Any number of channels can be included in a group. The
frequency allocation chart of Fig. 6 shows how group modu-
latien can be used. Group modulation has a number of

formerly FM-TV Rapio CoMMUNICATION

applications, repeats the group modulation process lwice in
forming the 72-chaimel band which modulates the radio
carrier. Each voice channel is modulated to translate it to
one of four pregroup positions between 8 and 24 ke. The
pregroup containing these four channels is then group-modu-
lated to place it in a standard basegroup containing twelve
channels between 60 and 108 ke.

Each 12-channel basegroup is modulated with one of
five carriers to creale a supergroup with a total of 60 channels
between 312 and 552 ke. In the last stage of the 72-channel
allocation, the supergroup is translated to the band from
60 to 300 ke. and one basegroup is translated to the band
from 8 to 56 ke, thus forming 72 channels between 8 and
300 ke. This sequence of translation is in accordance with
international agreements. A diagram illustrating the process
is given in Fig. 7. Attenuation-frequency characleristics of
type 45A pregroup and basegroup filters are plotted in Figs.
8 and 9, respectively.

Lenkurt type 45D systems are designed especially for
radio and operate on a true four-wire basis with identical
frequencies used for both directions of transmission. There-
fore, formation of the channels for the opposite path accom-
panying the 72 channels described above is identical.

Continued on page 40

FIG. 9. ATTENUATION CURVE FOR A 45A LOW-PASS BASEGROUP FILTER
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FIGS. 1 AND 2. FRONT AND REAR VIEWS OF RACK-MOUNTED RECEIVER,
WHICH INCORPORATES ITS OWN POWER SUPPLY ON THE SAME CHASSIS

150-Mc. Point-to-Point & Relay Unats

WIDE-BAND FM EQUIPMENT OPERATING AT 150 MC. HAS BEEN DEVELOPED
FOR VARIOUS MULTI-CHANNEL POINT-TO-POINT AND RELAY APPLICATIONS

T is well known that poini-to-point systems operating in

the 150-mc. frequency range have certain distinet advant-
ages with respect to those which utilize the higher frequencies.
Depending on the specific applicalion and the location of the
syslem, these advantages often outweigh the limitations im-
posed on bandwidth by governmen! regulations or by equip-
ment factors. The equipment described here! was developed
specifically for multi-channel point-to-point or relay applica-
tions in the 150-mc. band.

General Description: Type 755C equipment consists of
an FM transmitter, a transmitter power supply, and a receiver
which can be used as terminal or repeater unils in multiplex
point-to-point communication systems. Up to five voice
channels or their equivalent can be handled by frequency-
division multiplexing; voice, telegraph, telemeter, remote-
control, and facsimile signals can be accommodated. Channel-
izing units are not supplied. Standard corner-reflector an-
tennas are available, or the antennas can be custom-engineered
for the specific application.

Operating frequency range of the equipment is 152 to 174

1Manufacturer: Radio Engineering Laboratories, Inc., 36-40 37th Street,
Long Island City, 1, N. Y.

me. System deviation is = 50 ke. for 100% modulation; this
is adjustable on special order. Modulalion frequency response
is =1 db from .2 to 20 ke., and amplitude distortion is 1%
from .2 to 10 ke. Intermodulation is —46 dbm for A-B test
tones between .2 and 20 kec.; modulator noise is —60 dbm per
3-ke. interval from .2 to 20 kc., with receiver input more than
65db below 1 watt. Modulation input is —20 dbm, and
modulation output is 0 dbm test tone level. Thus, the system
is suitable for telephone company use, where such operation is
authorized.

Allowable space loss between transmitter and receiver
terminals is 115 db for a 50-db signal-to-noise ratio per 3 ke.
channel. This can be increased by using a type 747 RF am-
plifier, which has an output of 100 watts.

Primary power input is 115 volts, 50 to 60 cycles, single-
phase AC at 415 watts. If the 747 amplifier is used the total
power requirement is increased to 765 watts.

All units are built on standard 19-in. rack panels. The
transmitter modulator and power output panel is 834 ins. high;
the transmitter power supply panel is 1534 ins. high, and the
receiver panel is 1214 ins. high. These units fit in an open-
front cabinet with a rear door. Overall dimensions of the
cabinet are 4234 ins. high by 2314 ins. wide by 19 ins. deep.

FIGS. 4 AND 5. TOP AND BOTTOM OF THE 755C TRANSMITTER CHASSIS
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FIG. 3, AT TOP: 755C RECEIVER
FIGS. 6 AND 7, ABOVE AND LEFT:
DIAGRAMS OF THE 755C TRANS.
MITTER AND 1TS POWER SUPPLY

NSVAC
INPUT

Receiver: Front and rear views of the receiver chassis are
given in Figs. 1 and 2. The circuit is a double-IF single-fre-
quency erystal-controlled superheterodyne, as the diagram in
Fig. 3 shows. Threshold signal is 185 db below 1 watt, or
about 1.6 microvolts. A 6BK7 used in a NODAN (Noise
Operated Device Anti-Noise) circuit furnishes an alarm signal
when the input signal drops below a given value.
Input impedance is 50 ohms; output is 600 or 150 ohms.

Transmitter: Four 12AT7’s are emploved in a Serrasoid
phase-shift modulator. Oscillator multiplication is 486, so
that the original oscillator frequency is about 330 ke. Because
such a low frequency is used, the peak deviation capability
of the transmitter is 120 ke.. and when it is limited to 50 ke.
or less the distortion is negligible.

Top and bottom views of the transmitter proper appear in
Figs. 4 and 5. A blower is used to cool the AX9903 tubes
used in the tripler-driver and final amplifier stages; the trans-
initter and transmitter power supply circuits are shown in
Figs. 6 and 7. Power output is 25 watts nominal. The modu-
lator input impedance is 600 or 150 ohms.

Front. top, and bottom views of the 747 power amplificr
are given in Figs. 8. 9. and 10 respectively. This is hasically
a 100-watt push-pull output stage employing a pair of +X-
150A’s. The power supply is on a separate chassis.

Concluded on page 16

FIGS. 11 AND 12, TOP RIGHT: THE COMPLETE 150-MC. TERMINAL RACK
FIG. 9, RIGHT: TOP OF A 747 100-WATT AMPLIFIER, SHOWING AX9903'S
FIGS. 8 AND 10, BOTTOM ROW: FRONT AND BOTTOM VIEWS OF THE 747
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HIS nomograph represents
the often-used simultaneous
equations

f = Lar(LC)* and
X = 27fL = YgrfC

for simple tuned circuits over
a wide range of decades per-
taining to all parameters in-
volved. The limits of the no-
mograph are:

1 cycle <f < 10" cycles
10° 4« Hy < L < 10""u Hy
107% ohms < X < 107 ohms
1upl < C < 10Mup F

In addition, compared to con-
ventional graphs of the same
size and covering the same
range of magnitudes, this no-
mograph has at least ten-fold
increased accuracy.

This is achieved by provid-
ing a coarse system (a) to
determine the orders of mag-
nitude and a fine system (b)
that permits of reading the
exact numerical values.

The dot system (a) aligns in
a straight line commensurable
exponents of powers of 10, by
which the corresponding fine
scales (b) must be multiplied.

For the purpose of illustra-
tion, an example is shown on
the nomograph. Given is:

f = 4.5 me. and
C = 70upk

This requires a line through 6
(10° cycles = me.) for { and
through 1(10* upF. = 10uuF)
in the dot system (a).

The line in system (a) de-
termines 10% (2) on the coarse
I. scale and 10°* (8) on the
coarse X scale as multipliers
for the respective fine (b)
scales to be used subsequently.

Now, on the (b) scale. 4.5
for { and 7.0 for C are con
nected by a straight-edge, re-
sulting mm 0.505 ohms for X
and 0.178 microhemry for L
on the (b) scales.

Since X must be multiplied
by 10° and L by 10 the results
are

X = 505 ohms
I. =17.8 uHy

*Allen-Bradley Company, Milwaukee.
Wis.
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LCFX Nomograph

THIS INGENIOUS DOUBLE NOMOGRAPH COMBINES HIGH ACCURACY AND WIDE
RANGE IN ALL PARAMETERS FOR TUNED CIRCUITS — By H. M. SCHLICKE*
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How SUNRAY OIL
hoosts

pipe line capacity
25%

Three years ago production skyrocketed
at the Sunray Oil Corporation refineries
in Duncan and Allen, Okla. Expansion
throughout the system overloaded the
6-inch pipe line between the two cities.
Bigger pipe was not available.

Sunray engineers hit on a cost-cutting
solution—installed three electrically
powered booster stations between regu-
lar pumping stations. They know that
electric motors cost less to install . . .
require little maintenance . . . are easily
adapted to remote control circuits.

Then engineers selected an RCA 960-
mc Microwave radio-relay system to
cffect complete remote control of the
"hoosters” from regular pumping sta-
tions. Microwave stations spaced miles
apart proved cheaper to install and main-
tain than direct wire. And Microwave
systems are virtually weatherproof.

When the Sunray microwave-operated
“hoosters” were put in operation on
January 31, 1952, the pipe line’s capacity
immediately increased 25 per cent!

RCA Microwave “beams” highly di-
rectional radio signals from station to
station by “dish” antennas. Since 1946
RCA has installed many fully reliable
Microwave systems, some over 1,000
miles long. A/l bave proved themselves in
performarnce—for utilities, government
agencies, telegraph companies, turn-
pikes, as well as pipe lines.

In addition to remote control and
supervisory functions, RCA Microwave
provides as many voice and teletype
channels as you need—and does it
with a minimum of frequency space. It
employs readily available tubes and
familiar circuits which are easy to serv-
ice. It interconnects with your telephone
lines and switchboards.

Uf you desire, RCA supervises survey,
construction and installation—offers a
complete single-source, single-respon-
sibility service. And only RCA can pro-
vide the nationwide service facilities of
the RCA Service Company.

For more information, mail the coupon .
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Unattended booster station at
Pernell, Okla. Radio-beam signals via
RCA Microwave operate the booster

Telemeter charts give continuous
record of power and pressures at
boosters. Operator remote-controls
valves and pumps of booster stations.
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by full remote control. Maintenance
man inspects each station once every
24 hours.
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Signal lights indicate equipment fail-
ure and emergency generator oper-
ation. 2-way voice channel contacts
maintenance personnel.

CAMDEN_ N. J.

m RADIO CORPORATION of AMERICA
R

B ICATIONS Q@ ENT
gi/ B
Dept. 132W, Building 15-1

Without obligation on my part, please send me your free booklet on:

[] A Booster Station Microwave System

Name Title

] Pushbutton Operation of Boosters

Address City

Company

Zone State

[J Have an RCA representative get in touch with me.
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Récognized Everywhere...

L-N CUSTOM-ENGINEERED
ELECTRICAL EQUIPMENT
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YOU CAN
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Switches

NEW DIAL PROCESS

new economical method for manu-

facturing preeision instrument dials,
scales, and other calibrating devices has
been developed by the Precision PPhoto-
mechanical Corporation of Englewood,
New Jersey. The scale or pattern is gen-
erated optically in this process.

Precision instruments can be only as
accurate as the indicating dials used with
them. Secien!ific advances in instrumen-
tation have made possible almost exact
reproducibility of performance, provided
the calibrating dials do not impose limn-
itations because of their inaccuracy. Gen-

36

WHEREVER YOU LIVE, you recognize
this view of Los Angcles, a great city, famed for
its movie making. And Los Angeles recognizes the
Leece-Neville Alternator... it is doing a great job
there on police cars, fire equipment and all other
mobile 2-way radio installations.

Los Angeles is just one of many cities where L-N
Alternators are in wide use. You'll find them in San
Francisco, Detroit, Montreal, Dallas, and hundreds
of other places, large and small, here and abroad.

With L-N Alternators, 2-way radio operation is
surer and clearer. 25 to 40 amps at curb idle, 95
amps on the highway, keeps batteries charged.
Constant voltage protects components, cuts main-
tenance costs.

Be sure to specify L-N Alternators in place of
conventional DC generators. For all the facts, write
The Leece-Neville Company, Cleveland 14, Ohio.

Custom:-Engineered Electric Equipment Since 1909.

L-N Alternators

proved by performance for over 7 years

erally, there are three primary sources
of error in divided circles or dials. In
order to produce dials of the required
precision, the errors from each source
must be reduced lo an absolute mini-
mum. The three sources are non-uni-
formity in spacing, non-uniformity in line
width, and eceentricity between that of
gencration and the center of rotation.

P’PM engineers have evolved a process
for produeing precise markings by means
of an optico-mechanical recording instru-
ment. There is no possibility of error in
uniformity of spacing or character, be-
cause a single-line master pattern is em-
ployed for all units.

Dial graduations can be made any
width from three microns, for microscopic
dials, up to any size desired. Errors pro-
duced by tool wear and backlash, un-
avoidable in mechanically-produced dials,
are eliminated; the optical generation
process does not affect the single-line
master pattern and, therefore, all gradua-
tions are absolutely uniform in width.

The master dial is generated on a glass
plate that is ground optically flat before
it is made light-sensitive. Its dimen-
sional stability is, accordingly, that of the
glass.

Even when the first two sources of
error have been eliminated, any deviation
from coincidence of the centers of genera-
tion and rotation will intreduce errors.
Any center of rotation is on a diameter of
the divided circle. The greatest angular
errors are at 90° from the ends of this
diameter. It is simple to calculate the
error in angular spacing caused by an
error in concentricity or line width;
typical values are given below:

ANGLE DiaL DiaMETER
TOLERANCE, IncrES
MiN-
UTES 3 4 5 6
1 .00045 00060 00075 .00090
5 00025 .0030 00875 0045
10 0045 0060 0075 0090

By generating masters on bored centers
and printing dials on reamed center-holes,
the eccentricity can easily be kept to less
than .001 in. This means that a precision
of 1’ can be produced on dials as small
as 3 ins. in diameter. With verniers of
equal precision, the dials can be read to
1" and with dials of larger diameter the
precision obtainable improves in a linear
manner.

The center hole around which the
graduations are generated is held to a
tolerance of —.0000, +.0002 in. Photo-
graphically-produced replicas are made
by contact-printing under vacuum. Dial
blanks are printed from the master using
a center hole of the same tolerance as
that of the master. By this means, the
requisite dimensional stability and ac-
curacy is obtained. Using the center hole
as a reference in machining operations
insures concentricity of the graduations
with both inner and outer diameters.

Any style or type of legend can be in-
corporated permanently as part of the
dial. The dials can be made of any metal
or plastic material. Dials produced on
plasties such as Lamicoid. Vinylite, Plexi-
glass, or Lucite may be opaque, trans-
parent, translucent, or reflective. Grad-
uations may be white in reflected light
and any desired color in transmitted
light. Colors are applied not by laminat-
ing the necessary colored plastic to a base
material which may have a different ex-
pansion coeflicient, but by coating the
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plastic with a thin film of pigmented
finish. The finish provides a permenent
support for the photographic emulsion
and also forms the background color

NEW PRODUCTS

Continved from page 13)

BIFO kit Addition: A BFO kit has been re-
leased which is intended for addition to the
NM-20A radio interference and field intensity
nmeter. The BFO permits detection and

copying of unmodulated signals throughout
the frequency range of 150 ke. to 25 me. Kit
parts,

comes complete with all wire, and

-

hardware. Stoddart Aircraft Radio Com-
pany, Inc.. 6644 Sanla Monica Blvd.. Holly-
wood 38, Calif

Tubes: Literature is available on the lollow-
ing new tube types:

General Electric Tube Department, Elec-
tronics Park, Syracuse, N. Y Type GI
6299, co-planar triode, UHF low-level class A
RI* amplifier operative up to 2,000 me.; al
1.200 me., noise figure is 8.5 db and gain is
16 db.

RCA, Tube Department. Harrison, N. J

RCA-12X4. Tull-wave vacuum rectifier, 7
pin miniature. for use in 12-volt vibrator
power supplies; RCA-6101.  Premiunn-type
medium-mu twin triode. 7-pin miniature, class
A amplifier and control (ube for mobile and
aircrall  equipment, prototype GJ6: RCA
6293, beam-power amplifier for pulse modu-
lator service in fixed and mobile equipment

Svlvania Electric  Products, Inc.. Sales
Dept.. 1740 Broadway, New York, N. Y. -—
6BQ7A. twin triode for VHF cascode ampli-
fier service with higher gain than 6BQ7. can
replace prototvpe with slight realignment of
tuned circuits.

FCC FORM 400
(Continued from page 19)

hase station transmitters operated from a
common control point are not considered
as separate base stations.)

Many businesses are now using radio
communieation systems in  conneclion
with their daily operations. It often hap-
pens that when the business is sold, the
radio equipment is included in the pur
chase price. If the new owner wishes to
continne the operation of the radio sys-

The universally
recognized
standard
in MICA
transmitter
capacitors.

-
it

Cornell-Dubilier Electric Corp., So. Plainfield, N. J.

There are more C-D capacitors in use today than any other make
See your classified telephone directory for name
and address of nearest C-D authorized distributor

CoRNELL-DUBILIER

CAP

ACITORS

PLANTS IN SO. #LAINFIELD, N. J.. NEW BEDFORD. WORCESTER AND CAMBRIDGE. MASS.

PROVIDENCE R.4.

tem he must obtain his own authoriza
tion. If the station is licensed under
Parts 10. 11, or 16 of the Commission’s
Rules. the new owner should submil an
application to the Commission on FCC
Form 90, Laeh ilem must he completed
1 the same manner as if he were apply
ing for a new station except “Assignment
of License” in Item 16 (a) musl be
cheeked. The name of the new owner,
and the names of all the partners, il an
and/or the 1rade name of the company i
lo be shown in Hem 2.\ notarized letter
from the presenl owner must be sub-
mitled with the application.  The letter
musl contain a statemenl thal he desires
to assign 1o the new owner all rights. title.
and interest in and to such anthorization

formerlv FM-TV Rapio COMMUNICATION

ADIANAPOLIS NP SANFORD AND FUQUAY S#RINGS. N. C

SUBSIDIARY . RADIART CORP.. CLEVELAND, OHIO

and, upon approval of the application by
the Commission, he will submit his cur
rent license lo the Commission for can
cellation. The letter should also give the
call sign and the location of the station
and the file number and expiration date
of the authorization which is being as
signed.

Tt has been reporled lhat somne fre-
queney-conrdinating commiittees have ex-
perienced diltieulty in making recommen-
dations to new applicants since the au-
tharizations on Form 100 do not show the
actual power in use at the existing sta.
tions in their region. and therefore the
service area and interference range of
these stations cannot be estimated easily.

Continued on page 38
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Communication Registries

‘ N 7 HATEVER information you need about any U. S. communica-

tion system in any service group, you will find it in one of the
Registries of Communication Systems listed below. These Registries,
revised annually from data contained in the original license files at
Washington by permission of the FCC.

Each system listing shows the name and address of the licensee,
location and type of each transmitter, number of mobile units, call
letters, frequencies, type of modulation, and make of equipment used.

Systems are grouped by services in accordance with FCC practice,
and are listed alphabetically by states. Currently, facilities added
since the previous Registry are so identified.

REGISTRY OF TRANSPORTATION SYSTEMS

Listing all mobile, base, relay, mobile relay, and point-to-point
transmitters licensed in the following services:

TAXICABS HIGHWAY TRUCKS TRANSIT UTILITIES
RAILROADS INTERCITY BUSES AUTO EMERGENCY

Most active serviees in this group are the taxicab, railroad, and
auto emergency systems.
REGISTRY OF TRANSPORTATION SYSTEMS, postpaid.......... $2.00

REGISTRY OF INDUSTRIAL SYSTEMS

Listing all mobile, base, relay, mobile relay, control, and point-to-
point transmitters licensed in the following services:

POWER UTILITIES PIPELINES & PETROLEUM FOREST PRODUCTS
RELAY PRESS LOW-POWER INDUSTRIAL MOTION PICTURE
SPECIAL INDUSTRIAL

This Registry has the largest number of new listings, because it in-
cludes the relay and point-to-point stations installed by the public
utilities and pipe lines. Many listings have been added for the special
industrial, forest products, and low-power industrial services, also.

REGISTRY OF INDUSTRIAL SYSTEMS, postpaid ...........ccccceunne $2.00

REGISTRY OF PUBLIC SAFETY SYSTEMS

Listing all mobile, base, relay, mobile relay, portable, control, and
point-to-point transmitters licensed in the following services:

MUNICIPAL & COUNTY POLICE STATE POLICE FORESTRY CONSERVATION
ZONE & INTERZONE POLICE FIRE DEPARTMENTS HIGHWAY MAINTENANCE
SPECIAL EMERGENCY

A large number of new police, fire, and special emergency systems
are listed in this Registry. State police systems have been expanded
greatly. Interzone police networks now cover practically all the U. S.
This is the only CW telegraph service listed in any of the Registries.

REGisTRY OF PuBLIC SAFETY SYSTEMS, postpaid ................ $1.00

AIR-GROUND AND COMMON CARRIER SYSTEMS

Listing all mobile, base, relay, mobile relay, portable, control, and
point-to-point transmitters licensed in the following services:
CARRIER AIRCRAFT AIRDROME ADVISORY MOBILE UTILITY

AIR OPERATIONAL FLYING SCHOOL COMMON CARRIER
OPERATIONAL FIXED FLIGHT TEST COMMON CARRIER RELAY
AIRDROME CONTROL MISC. COMMON CARRIER

This Registry lists all transmitters operated in commercial aircraft,
and all those used fer air-ground communication. Also included are
the AT&T relay stations which carry television network programs.

AIR-GROUND & CoMMON CARRIER SYSTEMS, postpaid ................. $1.00

RADIOCOM, Inc., Dept. 106, The Publishing House
Great Barrington, Mass,

Please send me the following Registries of Communication Systems, for which | enclose —
O $1.00 Registry of Transportation Systems [] $1.00 Registry of Public Safety Systems

O $2.00 Registry of Industrial Systems ] $1.00 Registry of Air-Ground, Com. Car. Systems
Name

Address
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FCC FORM 400
(Continued from page 387)

It is unfortunate that this information
cannot be shown. To do so would con-
siderably reduce one of the most impor-
tant advantages of the new system,
namely, {reedom to interchange equip-
ment. The height of the antenna is
shown on the authorization, however, and
it is believed that this information will
prove to be just as useful — if not more
so — than the operating power. The
service area of a given station is deter-
mined not only by the power of the
transmitter but also by the height and
the gain of the antenna. Thus, although
one type of information has been deleted
from the authorization, another type has
been added. In designing the Form 400
an effort was made to request only such
information as is needed to determine
whether or not the applicant has fulfilled
the requirements of the rules and is en-
titled to an authorization. Requests for
any additional information would be bur-
densome for the applicant and the Com-
mission.

Unlike the Form 401 which was used
when applying for a new or modified con-
struction permit, or the Form 403 which
was used when applying for a new or
modified license, the Form 400 is an ap-
plication for an authorization. The type
of authorization which is issued by the
Commission depends upon the ecircuni-
stances in each individual case. It may
he a construction permit, a license, or a
combined construction permit and
license.

For example, upon approval of an ap-
plication for a microwave relay station.
a construction permil only is issued be-
cause the installation and testing of the
equipment sometimes takes several
months. A separate application for
license to cover the construction permit
is required when the station is ready for
regular use.

The Communications Act of 1984, as
amended. provides thal persons install-
ing radio transmilting equipment ahoard
railroad rolling stock may obtain a license
for such equipment without first obtain-
img a coustruction permit: therefore.
licenses are issued innmediately in those
cases. Applicants for new stations in the
mobile services are no longer faced with
a long on-the-job construction period.
Transmitters can now be purchased and
installed as a unit and made ready for
use soon after power lines and antenna
have been connected. In such instances
a combined construction permit and
license is issued. The Field Offices main-
tain records of the dates on which sta-
tions in their districts are put in opera-
tion.

In order to reduce the processing time
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to a minimum the FCC Form has been
designed in such a way that the apph-
cant prepares the authorization and the
necessary copies as a part of the appli-
cation. Since the authorization is re-
turned to him in a window envelope, even
addressing is eliminated.

Although FCC Form 400 has been in
effect for several months, it still is too
early to predict the actual saving in proc-
essing time which will be gained through
its use. It is interesting to note. how-
ever, that in terms of new stations added
during the last fiscal year (July 1. 1952
through June 30, 1953) the Public Safely,
Industrial. and Land Transportation
Radio Services have expanded at a nor-
mal or greater-than-normal rate. The
number of applications pending has al-
ready shown a decline. Thus, the FCC
Form 400 seems to be serving ils in-
tended purpose. as the Commission is
continuing to license new stations while
at the same time reducing the total num-
ber and the processing time of the ap-
plications.

STATEMENT OF THE OWNERSHIP, MAN.
AGEMENT, CIRCULATION, ETC., RE.
QUIRED BY THE ACTS OF CONGRESS OF
AUGUST 24, 1912, AND MARCH 3, 1933
Of CoMMUNICATION ENGINEERING, published
monthly at Great Barrington, Massachusetts, for
October 1, 1953

State of Massachusetts
County of Berkshire, ss.

Before me, a Notary Public in and for the
State and county aforesaid, personally appeared
Rov F. Allison, who having been duly sworn
\ccording to law, deposes and says that he is the
cditor of the CoMMUNICATION ENGINEERING
Magazine :nd that the following is, to the best
of his knowledge and belief, a true statement
of the ownership, management, etc., of the afore-
said publication for the date shown in the above
caption, required by the Act of August 24, 1912,
as amended by the Act of March 3, 1933, em:-
hodied in section 537, Postal Laws and Regula-
tions, to wit:

1. That the names and addresses of the pub-
lisher, editor, managing editor, and business
manager are: Publisher, Radiocom, Inc., Great
Barrington, Massachusetts; Editor, Roy F. Allison.
West Egremont, Massachusetts; Managing Editor.
none; Business Manager, none.

2. That the owner is: Radiocom, Inc., Great
Barrington, Massachusetts, The names and ad-
dresses of the stockholders owning 1 per cent or
more of total amount of stock are Milton B
Sleeper, Monterey, Massachusetts, Charles Fowler,
South Egremont, Massachusetts, Ethel V. Sleeper,
Monterey, Massachusetts.

3. That the known bondholders, mortgagees.
and other security holders owning or holding 1
per cent or more of total amount of bonds, mort-
xages, or other securities are: None.

4. That the two paragraphs next above giving
the names of the owners, stockholders, and
security holders, if any, contain not only the
list of stockholders and security holders as they
appear upon the books of the company, but also.
in cases where the stockholder or security holder
appears upon the books of the company as trustee
or in any other fiduciary relation, the name of
the person or corporation for whom such trustee
is acting, is given; also that the said two para-
graphs contain statements embracing affiant’s full
knowledge and belief as to the circumstances
and conditions under which stockholders and
security holders who do not appear upon the
hooks of the company as trustees, hold stock and
securities in a capacity other than that of a bona
fide owner; and this affiant has no reason to be-
lieve that any other person, association, or cor-
poration has any interest direct or indirect in the
said stock, bonds, or other securities than as so
stated by him

(Signed) Rov F. Arvrison, Editor

Sworn to and subscribed before me this First
day of Octoher, 1952,

[SEaL]) LirLian BenDRross. Notary Public

Comnmnission expires July 1, 1954

The JK G-12 is a precision 100 kc
G-T cut crystal intended for oper-
ation in Meacham Bridge and simi-
lar oscillators. Available for oper-
ation at series resonance or into
large load capacities. Resistance
approximately that of usual lamp
used for amplitude stabilization,
simplifying bridge circuit design.
The JK G-12 is vacuum sealed.
Equipped with octal base it is more
convenient than usual ‘‘soldered-
in"' type of precision standard
crystal. Suitable for transistor oscil-
lators.Will fit JK O7EH temperature
control unit. Consult us on specific
applications.

JK STABILIZED G-12 CRYSTAL

Did you kHOW? Surgical cleanliness _during'

manufacture is an impor-
ant_reason_for the unequalled stability of JK Crystals.
In an airconditioned, dust-free plant crystal blanks
are repeatedly cleaned with chemicals, washed in
distilled water and spun dry — plain tap water or even
a fingerprint would impair stability. The final crystal,
vacuum sealed in a glass holder, provides stability
equal to a watch that would remain accurate to within
three seconds over a year's
time. Creative research com-
bined with today's most
modern production facili-
ties brings you today's
finest — JK “Crystals for
the Critical®.

THE JAMES
KNIGHTS COMPANY,
SANDWICH, ILLINOIS
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REL
RADIO

. Tm——
'

ENGINEERING

LABS., Inc.

PIDNEERS IN THE CORRECT USE OF
ARMSTRONG. FREQUENCY MODULATION

REL MULTIPLEX RELAY &
POINT-TO-POINT EQUIPMENT

Typical of the standard transmitter and receiver d?signs
developed by REL for high-quality multiplex and point-to-
point radio circuits is the Type 755-C equipment for 152 to

- 174 mec.
R The transmitter-receiver unit illustrated above functions
’ﬂ‘ as a 4-terminal network for frequency-division multiplexing

of voice, program, telegraph, telemetering, remote control,

i and facsimile up to the equivalent of 5 voice circuits.

ing data, prices, and deliveries, address:

1 Nominal output is 25 watts or 100 watts. U'sing the basic
Serrasoid phase-shifter, performance specifications meet the
highest requirements of standard telephone praciice.

Operating records of this REL equipment in systems re-
quiring continuously reliable service establish beyond ques-
tion 1) the high degree of stability afforded by the electrical
and mechamical tolerances built into REL multiplex equipment,
and 2) the substantial savings in maintenance cost resulting
from designs which reflect long experience with adverse
conditions in all parts of the world. Standard specifications

can be modified to suit special requirements. For engineer-

BE. meillt
gy -

&éﬁ-—? i'li'eue;_éind.:,Mdm‘lfccturers of

;—i&{gﬂ&:ﬁ,‘igdﬁliﬁiiniccfion, and

TEL: STILLWELL §-2100

?A“s_t_pcjéi}'e'd Equipment since 1922

RADIO ENGINEERING
LABORATORIES, Inc.

it TELETYPE: N. Y. ?"f ¢
‘3’8-}0 37!'-5_ Street, Long Islond City 1, N. Y.

)
d

MULTIPLEXING
(Continued from page 31)

Signaling: Signaling is an important
part of any communication system. In

| the course of telephone progress many

methods for signaling over carrier chan-
nels were developed which are now in
use.  Generally speaking. signals from a
sending switchboard or telephone instru-
ment operate relays in the transmitting
braneh of a earrier terminal whieh con-
trol the transmission of internally-gen-
erated signaling frequencies. These are
transinitted to the distant terminal where
they cause operation of additional relays
whieh, in turn, provide for application of
the proper type of siznal to the receiving
switehboard or telephone instrument. The
prineipal differences in signaling methods
are the frequencies of the internally-gen-
crated signals and the manner in which
these signals are applied to the lines for
transmission to the distant terminals.
Two or more methods of signaling can
be used wilh most carrier systems; most
popular are ringdown signaling and dial

signaling. Ringdown signaling makes us~ |

of a sleady lransmitled current of un-
critical duration. Operation of a vinging
key at one point transmits a signal which
actuates an audible or visible signal at a
distant point. The term “ringdown” is
a holdover from early telephone days.
when a ringing signal caused a maenetic
indicator to drop at the distant terminal.
AC ringdown denotes a type of signaling
in which the operator’s keyv controls
transmission of an AC signal from the

sending source, and in which equipment |

at the receiving end operates from alter-
nating current. DC ringdown operates
similarly excepl that DC signals substi-
tute for AC.

In dial signaling, pulses of critieal du-
ration are transmitted between two
points. The dial pulses operate auto-
matic line-selection equipment at the re-
ceiving terminal. Sequence of the pulses

is determined by the operator. but the |

duration of the pulses is predetermined
by adjustment of the dial equipment.
Standard dial-type telephones. such as
are used by telcphone companies. can he
employed.

Crosstalk and Equalization: An im-
portant consideration in multiplexing sys-
tems is inter-channel and inter-svstem
crosstalk. A proper'y-designed and ad-
justed ecarrier terminal does not contrib-
ute appreciable crosstalk to a system.
The transmission medium, whether wire
line or radio. has a much greater poten-
tial for crosstalk contribution.
Crosstalk must be held to certain pre-
ceribed minimums in order to avoid deg-
radation of the svstem. particularly
where many repeaters in tandem on a

NEW POWER BOOSTER
Boosts Power instantly!

Stronger signals and greater transmis-
sion range even in hilly country are
now possible through use of the new
Kaar Power Booster, which increases
by six times the power output of any
8 to 10 watt mobile transmitter, with-
out adding to standby battery nceds —
a recent, outstanding engineering
achievement of the Kaar research
laboratories.

DEPENDABLE
MOBILE
COMMUNICATION

Rugged construction . . . simplicity of
design...lowest possible battery
drain . .. exceptional voice quality —
these are the features that make the
Radiopak the most dependable single
unit mobile radiotelephone available
today. Furnished for both the 25 to
50 mc band and the 152 to 174 mc
band, the Radiopak is ideally suited
for use in police cars, taxis, fire de-
partment vehicles, trucks, and three-
wheeled motorcycles.

DEALERS)

@ WRITE FOR Kaar Corp. i: a
mojor rodiotelephone

SUMMARY manufacturer selling
CATALOG ON through authorized

ALL KAAR dealers. erile for
MOBILE :iuol:.plele informa-

| EQUIPMENT

—— " yAAD —
w/c:

ENGINEERING CORP.

MIDDLEFIELD ROAD +« PALO ALTO, CALIF,
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toll circuit each contribute noise to de-
grade the circuit progressively. It is ob-
vious why the contribution of each sys-
tem must be minimum.

A toll-quality cireuit is defined as one
in which the measured noise and cross-
talk at the receiving terminal is less than
30 dba at the —9 dbm (decibels referred
to one milliwatt) drop level. as measured
with o Western Electrie type 2B Noise
Set with FIA weighting. In other words,
the noise at this receiving point in the
system must be about—60 dbm as meas-
ured with a meter which takes into aec-
count the response characteristics of the
average human ear.

Open-wire transmission lineg are sub-
ject to crosstalk due to the coupling be-
tween adjacent pairs of wires. Cable
transmission lines can contribute cross-
talk due to inter-pair leakage and cou-
pling as well as level differentials. Radio
systems produce a crosslalk and noise
contribution caused by non-linearities,
peculiar to electronic circuitry. which
generate  undesirable intermodulation
products ultinately appearing in the out-
put circuit. Control of Lhese factors is a
funetion of the equipment design and
adjustment.

Up to 22 db crosstalk improvement
can be obtained through use of compand-
ors when they are installed on each voice
channel of the system.

Another wire-lme and cable problem
which sometimes affects radio-earrier sys-
tems is that of equalization. Wire lines
and eables do not have equal altenua-
tion characteristics for all frequencies.
Higher frequencies are attenuated more
than those lower in the scale; this in-
equality is increased on wire lines during
periods of rain or sleet. Accordingly.
svstems for wire lines and cables have
regulation cireuits which result in an es-
sentially flat characteristic for all fre-
quencics and, therefore, for all channels
in the system.

When carrier systems are applied to
radio circuits, there is no necessity for
ecqualization unless the radio terminal is
located a significant distance from the
carrier equipment. In such installations,
where the multiplexed channels are ex-
tended some distance at carrier frequen-
cies. equalization is ordinarily built into
the carrier equipment.

450-MC. ANTENNAS
(Continued from page 18)

member upon the vertical radiation pat-
tern of the base-station array arve of in-
terest. Especially important are the ef-
fects of various spacings of the antenna
from the top of the reflecting member.
This is important so that conelusions can

Continued on page 42
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L accurate and repeatable power readings,

- ™

Simplifying WF Rower Measunement

Wede¢ 67 TERMALIN
DIRECT-READING R-F WATTMETER |

30 mc to 500 mc
(to 1000 mc if specified}

50 ohms
Triple Range 0-25 watts
0-100
0-500 "

Type N Input Connector
(Adaptor for PL-259 supplied)

@® Model 67 is a larger type
Wattmeter than the well-known AN-ME-
11/U (our Model 611) R-F Warttmeter.
Specifically designed for fixed station trans-
mitters to 500 watts output, it may be used
nicely on low range for mobile gear. Pro-
vided with an aluminum cased, shock-
mounted meter, Model 67 is as simple to
use as a DC voltmeter. Now in general use
throughout the industry, TERMALINE Watt-
meters may be depended upon for fast,

NON-RADIATING
+oo Accuracy — 5%

RUGGED CONSTRUCTION
... 5ize —=17"x9"x 6"
Wght.— 30 pounds

NEELY -
ENTERPRISES

Hollywood + San Francisco
Albuquerque
EARL LIPSCOMB
ASSOCIATES

ELECTRONIC CORP.

1800 EAST 38™ ST., CLEVELAND 14, OHIO

Dallas ¢ Houston

TERMALINE Coaxial Line Instruments

Resinite Coil Forms are laboratory

tested and field proven. Their
operatirmg  characteristics — volume
resistivi'y . . . power factor . . .

thermal properties . . . low mois-
ture absorption . . . and resistance
to voltage breakdown—represent
a new achievement in basic com-

ponents for electronic application.

i gj:& '

Resinite Coil Forms are available with insida or outside
threads, slotted, punched or embossed. Axial pressure
in excess of 25 lhs. is accomplished through a special
three row threaded design. Torque can be controlled to

-+ or —1 in. oz,

for coil forms

RESINITE B104:

SEND TODAY FOR FULL
requiring very high dielectric

INFORMATION.

DETAILS AND TECHNICAL

properties under  extreme

humidity.
MSINITE I fors recuinng ery. o 3.
tions requiring very high di-
CORPORA TION electric  strength.  Electrolytic

DIVISION OF PRECISION PAPER TUBE corrosion is impaossible.
b |

RESINITE 104: for stapling,

2035A W. CHARLESTON ST., CHICAGO 47, ILL.
79 CHAPEL ST, HARTFORD, CONN.

severe forming, fabricating.

41



leading manvfacturers use

JFD PISTON TYPE VARIABLE TRIMMER CAPACITORS

No.
No.

No.
No.
No.

both civil and military equipment

VC 1 G (0.7 to 6.0 mmf.) Glass Dielectric
VC 5 (1.0 to 10.0 mmf.) Quartz Dielectric
VC 11 (1.0 to 10.0 mmf.) Quartz Dielectric
VC 11 G (1.0 to 12.0 mmf.) Glass Dielectric
VC 20 (0.5 to 1.9 mmf.) Glass Dielectric

NO OTHER LIKE IT!

Approximately ZERO TEMPERA.
TURE COEFFICIENT FOR
QUARTZ AND INVAR construction.
Approximately + o PPM per degree
C. for Glass and INVAR construction.
One-piece SPRING LOADED PIS.
TON and screw prevent backlash.
SILVER BAND fused to exterior of
precision drawn quartz or glass tube
serves as optimum stationary electrode.
Q" of 1,000 at 1 mc.
DIELECTRIC STRENGTH equals
1,000 volts DC at sea level pressure and
500 volts at 3.4 inches of mercury.
10,000 megohms INSULATION RE.
SISTANCE MINIMUM.
OPERATING TEMPERATURES,
—55 C. to + 125 C. with glass dielec-
tric. —55 C. to +200 C. with quartz
dielectric.
Over 100 megohms MOISTURE RE.
SISTANCE after 24 hours exposure to
95% humidity of room temperature.
PISTON DIMENSIONAL ACCU.
RACY is held to close tolerance main-
taining minimum air gap between pis-
ton and cylinder wall.

Write for Form No. 199

JED MFG. CO.
BROOKLYN 4, N.Y.
BENSONHURST 69200

world's largest manufacturer
of tv antennas & accessories

PLATT Aduscunces .

PRODUCTION OF

* 60 WATT MOBILE AND
* 60 WATT FIXED STATION

EQUIPMENT

WRITE FOR DESCRIPTIVE LITERATURE

PLATT Menijoctining Corpa

489 BROOME STREET, NEW YORK 13, N. Y.
TELEPHONE: WORTH 4-0827

450-MC. ANTENNAS
(Continued from page 41)

be drawn as to whether such spacing is
critical, or if second-order effects only
occur and this factor can be disregarded
in general. Fig. 3 shows a set of mea-
sured vertical radiation patterns for the
C-3155 mounted 7.8 ins. (.3 wavelength)
from a 10-ft. length of pipe. The vertical
pattern of the array in the clear, shown
in Fig. 1A, should be compared with the
set shown in Fig. 3. Spacings from 6.5
ins. (.25 wavelength) through 27 ins.
(1.0 wavelength) from the top of the
pipe were tested. In general, the effects
of spacing on the vertical pattern shape
are very slight. Over the range studied
the beam width changed from 28°
through 32°. The vertical beam width
for the antenna in the clear is 28°. Minor
lobe structures are not great enough to
cause serious deterioriation in antenna
gain. Fig. 4 presents the results of the
same tests but with the array-to-pipe
spacing increased to 18 ins. (.7 wave-
length) . Here again, the beam width is
fairly constant for the various spacings
from the top of the pipe; the overall va-
riation ranges from 26° through 30°. A
general conclusion that can be drawn
from these measurements is that the ver-
tical pattern remains of the same order
of beam width as in the clear, and that
the distance down from the top of the
support member to the mounting posi-
tion of the array is not critical.

Sector Coverage: Although the prime
object of a study of this nature is the ap-
plication of the data to general omni-
directional coverage needs, it is felt that
there are occasional requirements in the
mobile services for sector coverage. For
instance, a city located along a water-
front suggests the need for confining ra-
diation to a 180° sector. Some recent
practices in systems engineering require
that sector rejection be provided by the
antenna if successful operation is to be
achieved. With the simple support-mem-
ber reflector arrangement, ratios of some
15 db can be achieved; however, the
major lobe is usually too narrow to be of
general utility, and such a rejection ratio
cannot be achieved except with careful
adjustment. Recent work? with screen
reflectors having angles greater than 180°
has resulted in patterns which approach
closely the idealized hemiazimuthal 180°
coverage diagram. Fig. 5 gives a set of
pattern measurements for the C-3455
mounted at various distances off the apex
of a 270° corner reflector, constructed of
screen mesh 48 ins. on a side and extend-
ing about 12 ins. above and below the

*E, F. Harris, “An Experimental Investigation of
the Corner-Reflector Antenna,” Proc. IRE, Vol.
41, p. 645; May, 1953.
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radiating aperture of the antenna.

Note that the critical spacing is 7.8
s, or .3 wavelength. TFor this spacing
the radiation is constant within .5 db
over a full 180° sector and then falls
rapidly to zero. Within 35° heyond the
limits of the 180° sector the level has
dropped 20 db below that in the forward
sector. In the 90° dead zone which the
corner reflector shadows, the level is more
than 40 db below that in the forward
sector. It can be seen that for spacings
smaller and larger than .3 wavelength the
coverage is no longer uniform: however,
the variation is not grea!. and the shadow
region is as dead as before.

Such an arrangement using the high-
gain base-station array with the 270°
corner reflector is ideal for construction
on the corner of a tall building. The re-
flector can be made from 2-in. mesh
screen or smaller. If its use is practical,
shect metal attached directly to the wall
of the building is ideal. Various arrange-
ments for attachment to a tower will sug-
gest themselves. Such an arrangement
with a high-gain array will provide a full
10 db gain over a dipole in the 180° sector
covered.

While the data presented herein is by
no means complete, it should provide
some workable information for the ap-
plications engineer. Additional measure-
ments covering the effects of larger pipes
as well as tower structures are needed.
and a study of impedance effects would
be of value although it has been found
that VSWR values have remained within
specifications, particularly for the larger
spacings. The measurements can be ap-
plied to the 150-mec. range if it is recog-
nized that all dimensions given must be
multiplied by 3. Thus, the patterns shown
for the case of a 234-in. pipe are valid for
a Tl%-n. pipe support at 150 me.

TOWER RULES
(Continued from page 21)
specify different painting and lighting if

it seems desirable or necessary.

Antenna structures must be painted
(when painting is necessary) througliout
their height with alternate bands of avia-
tion surface orange and white, with
orange bands at each end. The width
of the bands should be about one-seventh
the total height, provided that they are
not more than 40 ft. nor less than 11 ft.
in width,

Lighting requirements for various tower
heights are shown in the diagram accom-
panying. Obstruction lights shown must
consist of No. 100 A?1/TS or No. 111
A21/TS lamps in aviation red obstruc-
tion light globes. Beacon lights must
consist of two 500 or 620-watt lamps
(PS-40, code beacon type) burning simul-
taneously and equipped with aviation red

Concluded on page 44
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THE COMPANY !
Hughes Research and De- tems, network theory,

Advancements in the
fields of wave
propagation,
translation of
information,
connnunication theory,
circuit techniques
and equip:mnent
miniaturization have
created a number of
new openings for
qualified engineers in
the Hughes Advanced
Electronics
Laboratory.

|
1
|
|
|
|
RESEARCH AND DEVELOPMENT LABORATORIES :
|
!
J

velopment Laboratories,
located in Southern Cali-
fornia, form one of the
nation’s leading electron-
ics organizations. The per-
sonnel are presently en-
gaged in the development
and production of ad-
vanced electronics systems
and devices.

AREAS OF WORK

The communication group
is concerned with the de-
sign and development of
unique radio communica-
tion systems and with ex-
ploiting new radio com-
munication techniques.
Specialists in propagation
phenomena, antenna sys-

How to apply

s e
I
Scientific : CULVER CITY,
Hughes and | LOS ANGELES
Engineering | COUNTY,
Staff : CALIFORNIA
I
I

magnetic recording, wide-
band amplification, and
intricate electromechani-
cal devices are active in
this prograr.

THE FUTURE

Engineers who enjoy a
varicty of problems re-
quiring originality and
ingenuity find the proper
environment for personal
advancement in these ac-
tivity areas. Widespread
future application of ad-
vanced communication
techniques will enable the
Hughes engineer to take
full advantage of his ex-
perience as the Company
expands commercially.

Write today, giving details of
qualifications and experience.
Assurance is required that re-
location of the applicant will
not cause disruption of an ur-
gent military project.



It takes skill and
experience to erect

COMMUNICATION
TOWERS...

MACCO
DOES A JOB!

When you select the manufacturer to
fabricate the tower that fits your needs,
you have solved only half your communi-
cations problem. There still remains the
vital problem of engineered tower erection
—a problem with an easy solution —
Macco. As pioneers in oil well derrick
erection engineering, NACCO was the
logical choice of early air-wave users to
erect their communication towers. Today,
Macco engineers and crewmen have
years of experience in erecting steel
towers of all designs for all classes of
service: AM, FM, TV, Microwave,
Telemetering, MF, UHF, VHF, Radar
and Power Transmission. Whatever
your requirements— vertical or tapered
face. . .self-supporting or guyed,
square or triangular... Macco is
prepared to erect your towers —
and erect them right!

MACCO CORPORATION
RIG BUILDING DIVISION
14409 S. Paramount Boulevard
Paramount, California

macco)

Send for your copy of a
recently prepared pictorial
index of specialized construc-
tion and services by MACCO.

Get acquainted—
WITH

NAME___ —

ADDRESS___ S =
COMPANY_ -
CITY.
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TOWER RULES
(Continued from page 43)

color filters, installed in a 300-mm. elec- |
tric code beacon. Beacons or obstruction
lights at any level must be visible at any
angle of approach, so that two beacons
mus! be used at levels where this is nec-
essary for visibility.

Lights must burn continuously or be
controlled by a light-sensitive device ad-
justed to turn on at a north sky light in-
lensily level of about 35 fool candles and
to turn off at a north sky light intensity
level of about 50 foot candles. Beacons
must be equipped with a flashing mech-
anism operaling at not more than 40 and
not less than 12 flashes per minute, with
a period of darkness cqual to one-half the
period of illumination.

During construction of an antenna
structure for which lighting is required.
two temporary obstruction lights must

[ be installed at the uppermost point. As

the height of the structure exceeds each
level at which permanent lights will be
required two similar temporary lights
must be installed at each such level.
These lights must be positioned so that
at least one al each level is visible from
any angle of approach and must burn
continuously from sunset to sunrise. .\l
ternatively. the permanent lights mayv be
installed at each level as it is reached.

Inspection, Maintenance: Tower lights
must be inspected cither visually or by
means of an automatic indicalor, de-
signed to register any light failure, at
least once every 21 hours. Alternatively.
an automatic alarm system can be used.
Any failure of a beacon or top light not
repaired within 30 minutes must be re-
ported immediately by telephone or lele-
graph to the nearest airways communica-
tion station or CAA office. Further noti-
fication by telephone or telegraph must
be made immediately on repair of the
defective unit.

All automatic or mechanical control
devices, indicators, and alarm systems
associated with lower lighting must be
inspected at intervals not exceeding three
months.

A complete record of maintenance,
operation, adjustments, and repairs must
be kept.

Towers must he cleaned and repainted
as often as is necessary to maintain good
visibilitv. A sufficient supply of spare
lamps must be maintained for immediate
replacement purposes at all ties.

Upon completion of construetion or
any modification affeeting height or loca-
tion of any tower for which obstruction
marking is required, the licensee must fill
out and file C. & G.S. Form 814 with the
Director, U. S. Coast and Geodetic Sur-
vey.
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HI-FIDELITY

Send today for

Department C-11

H\ ERE'S everyruine

7 YOU NEED

AMATEUR

INDUSTRIAL ELECTRONICS

2

EWARK

ELECTRIC Cﬂ“"“;
223 W. Madison $t., Chicago 6, Jll.

Antennas for
450-470 mcs.

A Complete Line for
Every Application

C-3455 4 DB Gain

C-7455 7.2 DB Gain
Omnidirectional Colinear Base
Station Arrays

H-450 Helical Beam Antennas for
Point-to-Point operation.

CV-2455 Gain Antenna for vehic-
ular installations.

Engineering Data Available
Write . . . . . . .

MARK PRODUCTS CO.

ANTENNAS AND MICROWAVE COMPONENTS

3549 Montrose Avenue

Chicago 18, lllinois
TELEPHONE [Rving 8-5355

NEWARK’S NEW
CATALOG NO. 56




WEEKLY REPORTS

of FCC Applications Filed for New

Communication Systems

Since January 1, the Reports of New FCC
Applications for communication systems have been
available in the form of Weekly Reports, sent by
first class mail or by air mail. This service has
been set up because, since COMMUNICATION
ENGINEERING is now a bimonthly, too much
space would be required to publish the list of
applications filed during two months, and thare
would be too great a delay in making the informa-
tion available.

Therefore, the Weekly Reports service has been
set up at the lowest possible cost, so that communi-
cations engineers, frequency coordinating commit-
tees, and manufacturers will have complete data
promptly on each new application filed in all the
safety and special services and aircraft, coastal,
and common carrier services.

Eash listing gives the full details of the applica-
tion, including the mail address of the applicant,
and the location and purpose of each transmitter.

This data, made available through the coopera-
tion of the Federal Communications Commission,
is obtained daily at Washington and rushed to
Great Barrington, where the Weekly Reports are
prepared and mailed to subscribers.

The annual subscription rate is $50, or $15 per
quarter. Reduced rates are available to compa-
nies ordering extra subscriptions for their execu-
tives or field offices, as follows:

1 Subscription, per year $50.00

2 Subscriptions, ” 40.00 each
3 Subscriptions, " 35.00 each
4 Subscriptions, o 30.00 each
6 Subscriptions, o 25.00 each

10 or more, ” 20.00 each
Extra for air mail, $1.50 annually per sub-
scription.

A sample copy of the Weekly Report will be sent
upon request, without charge.

New Registry of Transportation Systems

The annual revision of the Transportation Reg-
istry has been completed, and copies are almost
ready for mailing. Each listing has been checked
with the file copy of the original license at the
FCC offices in Washington, to assure accuracy.

Complete details are given for each system,
including frequencies, call letters, number of
mobile units, location of each transmitter, and
mailing address of the licensee. Services included
are: taxicabs, railroads, highway trucks, intercity
buses, transit utilities, and auto emergency.

Price per copy, prepaid, $2.00.

RADIOCOM, INC.

The Publishing House, Great Barrington, Mass.

formerly FM-TV Ranio CommuNICATION

m THE "Field-Proved'' STANDARD

IN COMMUNICATIONS, INTRODUCES A NEW

SET

... the first Handset
specially engineered

for two-way

communications

% 2-Way Radio
Communications

% Inter-Com Systems

% Airplane Announce

Systems
x ra @
Systems "‘)
] 4

Model THIO

Specially designed to suit
your specific applications

Here is a truly modern functional
handset specifically designed for
2-way communications! A product
of the Shure Laboratories with many
years of experience in safety mobile
communications, the THI0 Ilandset
brings you these features: .. . the field-proved
controlled reluctance assembly as a receiver . . .
high output balanced response carbon transmitter
. . . oversize switch cavity providing flexibility in
stacking of famous Shure long-life leaf blades . . .
cored handle for maximum number of conductors
...nosolder connections . .. rugged shock resistant
handle . . . design smart to the eye, natural in the
hand. The answer to your complex circuitry!

For more complete information
write to

SALES DIVISION

]

SHURE BROTHERS, Inc. » Hesorions

225 W. Huron St. e Chicago 10,11l. e  Cable Address: SHUREMICRO
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at the studio end.

HAMMARLUND
REMOTE CONTROL
& METERING

For
Unattended
Broadcast
Transmitters!

Economical, dependable system...
Needs only a single telephone circuit!

Substantial reductions in operating costs can be made by tak-
ing advantage of the recent authorization by the FCC to permit
remote control of AM and FM broadcast transmitters. FCC
regulations for this mode of operation stipulate that complete
and continuous control of remotely situated transmitters must
be maintained at all times. It is desirable, also, to obtain highly
dependable equipment having a reasonable first cost and low
operating expense. Hammarlund equipment offers distinctive
advantages in all these respects.

Included in the Hammarlund remote control and metering
system are the following basic features that are vital to efficient
and economical remote transmitter operations:

1. Only a single telephone circuit is required. May be
operated over VHF or microwave. No DC circuit is used.

. Full control of up to nine separate circuits.

. Telemetering of nine separate electrical quantities.
. Up to four emergency alarm indications.

. Fail-safe operations assured at all times.

v h Wi

In most cases, this equipment will pay for itself through savings
effected in operating costs in less than a year.

Write to The Hammarlund Manufacturing Company for full
details about this equipment.

Control panel for installation

Control equipment for instal-
lation at the studio end.

150-MC. RELAY
{Continued from page 33)

Figs. 11 and 12 are front and rear views
of a cabinet containing a complete 755C
system and a 747 amplifier. Chassis are
from top to bottom, a 755 receiver; a 747
100-watt amplifier; a 755-C transmitter;
its power supply; and the 747 amplifier
power supply.

PROJECT TINKERTOY
(Continued from page 25)

notches, three on a side. The mechan-
ism brings soldering irons in contact with
the unit and bonds the wires to the
notches. The unit is turned 90°, and the
chain drive carries it to another soldering
position where six more wires are bonded
to the module. After final electrical in-
spection, segments of riser wires are sev-
ered where circuit isolation is required
between wafer-mounted circuits.

During each stage in the production
process, provision is made for completely
automatic inspection. This consists of
both physical gaging and electrical com-
parison. Printed circuits, resistors, and
capacitors are compared with standards
both before and after assembly. This is
accomplished by electronic computers,
bridge circuts, and other comparison de-
vices. The inspection code is contained
on the punched cards which were pre-
pared by the design engineer and which
accompany the wafers through the pro-
duction process.

The final assembly operation need not
necessarily be considered a part of the
MPE process. Normally, a set of modules
(as many as ten) is mounted on or be-
tween copper-clad base plates. Circuits
etched into the copper surface connect
with the riser wires of the several mo-
dules to form a complete assembly. Sev-
eral such plate assemblies may form a
complicated equipment. One base plate
with six modules. for instance, contains
all the necessary circuits to make a six-
tube radio receiver.

Conclusion: Project Tinkertoy makes
possible a rapid conversion from civilian
to military products and back again on
short notice and, concurrently, facilitates

| a greatly expanded production capacity.

M HAMMARLUND

The Hammarlund Manufacturing Co., Inc.
460 W. 34th Street, New York 1, N. Y.

Delays caused by the need for recruiting
and training new production personnel
and the procurement of new mechanisms
and parts are eliminated. Most of the
operating know-how is stored in mechan-
ical fingers and electromechnical control
mechanisms; even electronic equipment
designs can be stored, ready for produe-
tion, in the form of punched cards and

circuit stencil sereens.
Because unprocessed or bulk materials
are used for the most part. the system
Concluded on page 48
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See Better! Work Better!

XO

_ —Acclaimed the World over
¢ os the best light
to work under!

é_/

Scientificolly
Engineered

ingeniously Designed
Brackets to Desk, .

Board, Lathe, Bench, Sturdily
well or Table Co.m'ruc!ed
: (Floor Mount also Available) . Flawlessly
’ Finished

Raises, Lowers,
Tilts, Traverses, Turns
Fingertip Stay-put Control

Stainless Steel Tube Arms
Nickel Stee! Tension Springs
Vented Aluminum Shade
Radius 45 Inches
Weight 4 Lbs.

'Y

CONSUMERS: Ask for LUXO LAMP
of your nearest dealer’s
DEALERS & JOBBERS
Line up with LUXO LAMP.
Write Today!
REPRESENTATIVES
Territories still open

(0X0 LAMP CORPORATION

290 MADISON AVE., NEW YORK 17,N.Y.

LABORATORY

LAMP

DEASTING FOOM

FACTORY & SNOP

Y

“FLIGHTCOM?"”
TWO-WAY VHF
RADIO FOR AIRCRAFT

r‘ EREQUENCY MODULATED

25-50 MC 152-174 MC.

o Prov-des communication between ground FM com-
* munication systems and executive or utility aircraft
COMPACT—mounts in smallest planes
LIGHT—total weight only 23 lbs.
LOUD—full watt audio to speaker
POWERFUL—10 watts 30-50 mc. band
7V5 watts 152-174 mc. band
LOW BATTERY DRAIN
{ PERFORMANCE—identical with ground
station cquipment.
For details contact your nearest COMCO dealer

comwmc' freks COMPAN’;,
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Y 72N (Y P)] MASTERPLANE

2 METERS—

GROUND PLANE ANTENNA— 140 to 162 MC
Model 300—Master De Luxe .

NEW! Outperforms any type of o e
vertical  dipole. ’Drooping”’ o
Type Ground Plane plus four e 10
straight radials to give a low H "gl
angle of radiation, It gives an //
almost perfect circle radiation

pattern, lIdeal for CD and de- Nyl
fense nets, Covers complete Sl
Amateur Band with excellent

Broad Band characteristics. Other

frequencies as specified, Matches .
52 ohm coaxial cable through [

threaded coaxial fitting at end. -

Radials adjustable (up or down) for purpose of

eliminating standing waves. Sturdily-built of finest

alloys to withstand corrosion,

TWO METER COAX high winds and extreme ic-

ANTENNAS ing. With 36” length of 34”7

NO. 214 — MASTER pipe for mounting purposes,
DELUXE — ruggedly-

constructed, vertitally
polarized, frequency
range 140 to 170 MC,
Completely water-
proofed. Highly pol-
ished

MODEL 300

AMATEUR’'S NET: $12.95

chrome en-
hznces appearance MOUNTING BRACKET:
of any vehicle. Fur- -
nished with 10/ of NO. MB=$1.00 NET
72 Ohm Coax Cable.
MOUNTING TYPES: Model GP-4. Four ‘‘Droop-
Type 1—on side with ing” Radials for perfect

2 brackets furnished
—NET: $§15.95. Type
2 — MASTER MOUNT

match to 52 ohm coax cable.
Complete amateur band cov-
fre-

erage. Specify other
(No. 132X or 140X). quencies, (U-Bolts and Mount.
Mounts  sold separ- ing Brackets furnished.) Also
ately. Complete attachable to side of build-
$17.45, Adjustable ing. Sturdy,
mounting—adijusts to ALL sPECIAL special
177, ALUMINUM a||0ys to
ALLOY ROOS withstand
No. 214 - | G ror corrosion

Wit
Lo AT < and extreme
iy weather.
iz WRITE—~ Model GP-4
Ask for lit- AMATEUR’S
erature on NET: $5.95
the more e
than 70

- i
- numbers in
1 [] the Master

1 Mobile Line

<" S MASTER MOBILE MOUNTS, INC.
P. O. BOX 1817 o LOS ANGELES o CALIF.
Warehouse & Shipping Address: 1306 Bond St.

2 METERS — 140 ta 162 MC
SOLD BY LEADING JOBBERS

e o e  — |
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| Today it's TRANSISTORS
- &

=

Principles of

TRANSISTOR CIRCUITS

Edited by Richard F. Shea

Here’s the FIRST FULL-
LENGTH BOOK in the field

the work of nine
General Electric experts.

e brings you both transistor theory AND
details on applicable techniques o the
most useful information scattered through
the literature e gives NEW MATERIAL
published for the first time o supplies
practical data on every phase of the subject.
REMEMBER, there is no other detailed ref-
erence and guide to the new transistor
horizons in electronics.

COVERING:
Semiconductor principles. Transistor
forms, types, characteristics. Transistors

as low-frequency circuit elements. Prin-
ciples of amplifier stage, Junction transistor
multistage amplifiers. Bias stabilization.
Power amplifiers,  Transistors as high-
frequency circuit elements, Principles of
high-frequency operation. High-frequency
circuit design., Video amplifiers. Oscilla-
tors. Circuit design by duality. Matrix
methods of circuit analysis. Feedback
amplifiers. Transient analysis. Large-sugnal
operation. Computer circuits, Noise in
transistors, Associated semiconductor de-
vices, Small-signal parameter measurement.

1953 535 PAGES $11.00

Send now for a copy
ON APPROY AL

Write for free booklet on other
Wiley books in Radio and Electronics.

JOHN WILEY & SONS, Inc.

440 4TH AVE. NEW YORK 16, N. Y.
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This new 190-A Q Meter measures an essential
figure of merit of fundamenta! components to
better overall accuracy than has been pre-
viously possible. The VTVM, which measures the
Q voltage at resonance, has a higherimpedance.
Loading of the test component by the Q Meter
and the minimum capacitance and inductance
have been kept very low.

SPECIFICATIONS—TYPE 190-A
FREQUENCY RANGE: 20 mc. to 260 mc.
RANGE OF Q MEASUREMENT:

Q indicating voltmeter 50 ta 400
Low Q scale 10 to 100
Multiply Q scale 0.5 to 3.0
Differential Q scale 0 to 100
Total Q indicating range 510 1200

PERFORMANCE CHARACTERISTICS OF INTERNAL

RESONATING CAPACITANCE: Range — 7 mmfd.
to 100 mmfd. (direct reading).

POWER SUPPLY: 90-130 volts — 60 cps
(i nternally regulated).

Write for further information

FOR PUBLIC
ADDRESS, RADIO,
and kindred fields,
JONES 2%
PLUGS & SOCKETS

o o)

b . of proven quality!

ves full informa-
o complete

Sockets @
fminal Strips:

I Howarp B. Joxes Divisiown
CINCH MANUFACTURING CORPORATION

CHICAGO 24, ILLINOIS
.. SUBSIDIARY OF UNITED-CARR SASTENER CORP.

Write

i

Q-METER rvPE 190-2

17 YEARS OF RESEARCH PRODUCED
THESE IMPORTANT FEATURES

® Single, easy-to-read meter, with parallax
correction, for all functions.

® Q indicating voltmeter: 50 to 400.

® Multiply Q scale: 0.5 to 3.0.

® A differential Q scale for accurately indicating
the difference in Q between two test circuits.

® Additional accurate expanded scale for mea-
suring low values of Q.

® A counter type resonating capacitor dial for
improving setting and reading accuracy.

® Careful design to minimize instrument load-
ing of circuit under test.

® Low internal inductance, capacitance and
resistance.

® Regulated power supply for increased stabil-
ity and accuracy.

® Tunable oscillator in four ranges calibrated
to high accuracy.

® Compact, simple, rugged construction.

@ BOONTON ‘RADIO

BOONTON-N-J- U-S-A \__£ ;/7(%5&'/((/"‘/(

TOWERS

Proved in Construction,
Design, and Operation.

Truly the finest tower of its
kind. Made of heavy-duty
tubular steel, electric welded
throughout. In 10-ft.
sections for easy erection,
14-in. triangular design.

Can be used non-guyed to
60-ft.—guyed up to 150-ft.
Get the full facts today!
Call your Rohn representative
or write, phone or wire:

“Pioneer designers and manufacturers
of all type towers.”

W%

DEPT. CE o 116 LIMESTONE, BELLEVUE
PEORIA, ILLINOIS o PH. 4-915¢8

)000'85, National Bureau

| port),
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is comparatively free from dependence
on particular components in eritical sup-
ply. Uniformity of electronic products
at a high quality level is enhanced by the
mechanized production and by 1009
automatic inspection. This affords the
possibility of repair and maintenance of
electronic syvstems by replacement of
unitized packages or entire subassem
blies. Performance appears generally
equivalent to that obtainable from con-
ventional assemblies. Equipments pro-
duced on an experimental basis meet
military  environmental requirements,
passing such tests as shock, vibration.
temperature, and humidity established in
military specifications. Moreover, the
standardization resulls in production out-
puts of uniformly satisfactory equipment.
whose characteristics both physically and
electrically are carefully controlled.

SELECTED REFERENCES

“Printed Circuit Techniques,” NBS
Circular 168 (1947). On sale by the
Government Printing Oftice, Washington
25, D. C. ($1.25)

“New Advances in Printed Circuits.”
NBS Miscellaneous Publication 192
(1948). On sale by the Government
Printing Office ($.45) .

“Electronics Miniaturization” (NAer
of Standards
Final Report). OTS Report No. PB-
100949 (1949), 189 pp., $4.75.

“Printed Circuits,” (NAer 00686, Na-
tional Bureau of Standards Final Re-
OTS Report No. P’B-100950
(1950) . 99 pp., 81.75.

“ASubminiature Low-Frequeney
Radio Receiver,” NBS Technical News
Bulletin 35, 68 (May 1951) 10 cents.

“A High-Temperature Adhesive Tape
Resistor,” NBS Technical News Bulletin
35, 100 (July 1951), 10 cents.

“Small Continuous Furnace for Firing
Printed Circuits,” NBS Technical News
Balletin 35, 114 (Aug. 1951) . 10 cents.

“A New Miniature Inlermediate-Fre-
quency Amplifier,” NBS Technical News

| Bulletin 35, 143 (Oct. 1951), 10 cents.

“Circuit Printers for Flat and Cylin-
drical Surfaces,” NBS Technical News
Bulletin 35, 168 (Nov. 1951) . 10 cents.

“Development of the National Bureau
of Slandards Casting Resin,” NBS Cir-
cular 493 (1950), 10 pp., 10 cents.

“Printed Circuit Techniques: An Ad-
hesive Tape Resistor System,” NBS Cir-
cular 530 (1952), 83 pp., 30 cents.

“NBS Precured Tape Resistor,” NBS
Technical News Bulletin 36, 110 (July
1952) , 10 cents.

“New Methods of Radio Production”
by J. A. Sargrove, Journ. Brit. Inst. En-
gineers, 8, No. 1, 1 (Jan-Feb, 1947) .
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IMPORTANT BOOKS

for your
REFERENCE LIBRARY

To help you in your selection of basic reference
works, we have checked hundreds of engineer-
ing and technical books. One or more of these
will provide the answer to your questions and
problems in radio, television, UHF, mobile radio.
microwaves, and sound reproduction. For prompt
delivery, use the coupon below.

FREQUENCY MODULATION

Frequeney Modulation—>by August Hund. No. 43 = $6.75
375 pages, 6 by 9 ins, cloth. An engineering text covering basic
principles as well as design of commercial apparatus.

FM Simplified—Dby Milion S. Kiver. No. 44 . . ....$6.50
347 pages, 5% by 8 ins, cloth. An excellent book for the layman
who wants to learn about FM transmission and reception.
Frequency Modulation—by Nathan Marchand. No. 45 $5.00
409 pages, illus, 6 by 9, cloth. The fundamentals, circuits, and
equipment used in FM explained using a minimum of mathematics.

UHF

Ultra lligh Frequeney Propagation—by Reed and Russell.
No. 132 . $9.50
562 pages, cloth. An oulgrowth of mtwsxve e\]xnmenl(ml lesedrch
at the U. 8. Naval Air Test Center. making available for the first
time to the general field of electrical engineering the most recenl in-
formation on new developments in UHI propagation.

UHF Techniques—Edited by J. G. Brainerd. No. 47 . $6.50
534 pages, 6% by 9% ins. cloth. A text designed primarily to train
engineers and physicists in ultra-high-irequency research work.
UHF Transmission—by Nathan Marchand. No. 48  $4.50
822 pages, 6 by 9% ins., cloth. For practicing engineers using UHF.
the principles given are applicable to particular problems.
Communication at UHF—by John Thomson. No.49 $4.50
203 pages, 5% by 8% ins, cloth. Covers radio communications at
these frequencies with emphasis on development possibilities.

MICROWAVES

Introduction to Mierowaves—by Simon Ramo. No. 50 $4.00
188 pages, 5% by 8% ins, cloth. An excellent non-mathematical
treatment of the concept of microwaves for the novice.
Understanding Microwaves—by V. J. Young. No. 51... $6.00
385 pages, 3% by 8% ins. cloth. The underlying principles thor-
oughly explained for engineers, researchers, and students.
Microwave Electronics-—by John C. Slater. No. 32 . $6.50
406 pages, 6 by 9 ins., cloth. A highly technical treatment of war-
time and post-war development in microwaves.

RADIO COMMUNICATION

Mobile Radio Handbook—by M. B. Sleeper. No. 34 $2.00
185 pages, 8% by 11% ins.. paper. Invaluable references for all
concerned with mobile radio and point-to-point communications.

AUDIO REPRODUCTION

Pianos. Pianists. and Sonics—by G. 4. Briggs. No. 35 $2.50
192 pages, 314 by 83 ins, cloth. The evolution and construction.
touch. luning, and loning of pianos. Of interest to music lovers.
Sat. Rev. Book of Recorded Music & Sound Reproduction—
by E. T. Canby. C. G. Burke. & 1. Kolodin. No.98 . 84.50
820 pages. 6% by 9% ins.. cloth. Compbiete anaivses on ail phases
of the hich-fidelity field. Inciudes ecuipment reports.

Sound Recording—by Frayne and Wolfe. No. 53. $9.50
686 pages, illus, 6 by 9%, ins., cloth. For designer. engineer. and
technician, covers basic problems in recording and reproducing.
Loudspeakers—by G. 4. Briggs. No.56 . ... . $1.60
88 pages, 5 by 8 ins.. paper. A thorough yet concise account of
the “why” and “how” of good reproduction in simple language.

Musical Engineering—by Harry F. Olson. No. 95 $7.00
369 pages, 6 by 9 ins., illustrated. Interrelated engineering treat-
ment of sound, speech, music, musical instruments. acoustics and
sound reproduction.

INSTRUMENTS

Modern Oscilloscope—by J. 4. Ruiter. Jr. No. 58 .. .$6.00
826 pages, 5% by 9 ins, cloth. A description of equipment and
operational methods for engineers, servicemen, and teachers.
Vacuum-Tube Voltmeters—by John F. Rider. No. 59 $4.50
1382 pages, 5% by 8% ins, cloth. Only source book devoted exclu-
sively to this subject. For engineers, technicians, and teachers.
Encyelopedia on Oscilloscope—by J. F. Rider. No. 60 $9.00
992 pages. 8% by 11 ins, cloth. Truly encyclopedic in coverage.
this book shows. in detail, efficient use of the scope.

ACOUSTICS

Acoustic Measurements—by Leo L. Beranek. No. 61 $7.00

914 pages, 5% by 8% ins., cloth. Discusses techniques, apparatus,

and theory of acoustic measurements for technicians.

Acoustic Design in Architecture—by Knudsen & Harris.
No. 62 .. 87.50

157 pages, 5% by 8% ins., cloth. For engineers and students, a dis-

cussion of principles, procedures, and specific applications.

Acoustic Design Charts—by Frank Massa. No. 63 ... ... $4.00

228 pages, 6 by 9 ins., cloth. Quick, handy reference for those inter-

ested In design or construction of electro-acoustic apparatus.

REFERENCE BOOKS

Principles of Transistor Circuits—Shea. No. 133 $11.00
A compilation of a large portion of the existing research material on
Lransistor eireuits.

Ficlds And Waves In Modern Radio (2nd Edition)—Ramo
and Whinnery. No. 134 T $8.75
An expansion and revision of hlsl e(lllmn, conllmmg much new
material. A simple yel thorough treatinent of the electro-magnetic
theory.

The Radio Handbook-—Edited by R. L. Dawley. No. 64 $6.00
726 pages, 6% by 9% ins., cloth. Detailed constructional inferma-
tion on a wealth of radio communication equipment; all new.
Broadcast Operators Handbook—by H.E.Ennes. No.65. $5.40
265 pages, 5% by 8% ins. cloth. A complete guide to operating
and maintenance practice for broadcasters and technicians.

Data for Radio Engineers—Federal T. & R. No. 66 ... $3.75
675 pages, 5% by 8% ins., cloth. Revised edition of this compre-
hensive reference giving data on all phases of radio engineering.
Radio Eng. Handbook—by Keith Henney. No. 67 ... $10.00
1,197 pages, 6 by 9 ins, cloth. The 4th edition contains the latest
revisions on all material pertaining to electronics and radio.
Electrical Eng. Handbook, Vol. 2—Pender. No. 68 . $8.50
1,564 pages, 5% by 8% ins., cloth. Covers field of communications,
including facsimile, FM, TV, and latest pulse techniques.

Radio Engineers Handbook—Terman. No. 69 .. . . $9.00
1,019 pages, 6 by 9 ins., cloth. A wealth of technical information.
specially selected for application toward practical radio problems.
Microphones—»by Engineering Staff, BBC. Neo. 73 . $3.25
114 pages, 5% by 8% ins., cloth. Covers the theory. design, and
characleristics of all standard microphone types.

MISCELLANEOUS
Radio and TV Almanac—by O. E. Dunlap. No. 71 $4.00
211 pages, 5% by 8 ins., cloth. A chronological record of facts,
dates, and people important in the history of radio and television.
Short-Wave Radiation ’henomena—Hund. No. 72... $20.00
1.382 pages. 6 by 91 ins. cloth, two volumes, not sold separately.
\ comprehensive treatment of propagation theory and applications.
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Selling or leasing of . . o
...with organized Maintenance

2-way Radio
Microwave
Power Line Carrier Service Personnel to back the
Supervisory Control
Equipment “"best engineered 2-way radio

equipment’’

No matter where you are,
Motorola Service is geared, both
in distribution and depth,

to serve and maintain your
radio communications system in

conjunction with your present

Motorola

personnel. It is the largest

organization of specially trained ' RADIO COMMUNICATIONS

radio communications service

people in existence today.

Motorola Communications & Electronics, Inc.
A SUBSIDIARY OF MOTOROLA, INC
960 N. Kilbourn Ave., Chicago 51, lllinois « Rogers Majestic Electronics, Ltd., Toronto, Canada




