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h'OW THE NATION'S 

LEADING PIPELINES 

USE 

PHILCO 
MICROWAY 

Philco Microwave is being used daily by the Nation's leading pipeline 
companies. These pipeline companies have selected microwave 
because: (1) it is an economical, reliable and expandable communica- 
tions system eliminating costly and vulnerable wire lines, and (2) it 
provides them with private, dependable communications over long 
distances, cutting maintenance costs to a minimum. 

Pipelines stretching over hundreds of miles can be operated and 
controlled from a single point by microwave. Pressure, rate of flow 
and tank level readings can be recorded automatically and relayed 
to headquarters or various points along the route. Philco Microwave 
carries telephone, teletype, :ontrol and telemetering channels ... 
and offers complete tie-in with VHF two-way radio systems and existing 
wire line facilities. 

Shown here are two of the many Philco Microwave systems that 
provide the nation's leading pipelines with modern and efficient 
communications. 

OTHER INDUSTRIES USING 
PHILCO MICROWAVE 

Communication companies use Philco 
Microwave for telephone, telegraph and 

television transmission. Reliability, econ- 

omy and quality of transmission make 

Philco Microwave ideal for their use. 

Philco Microwave is being used by leading 

railroads for :elephone, telegraph and train 

dispatching. Microwave is a private system, 

saves costly wire installaticns and simpli- 

fies right-of-way problems. 

Utilities rely on Philco Microwave for the 

control of power stations, dispatching of 

repair trucks and communication. Depend- 
able channels, unaffected by adverse 
weather, are a necessity for utility use. 

For complete details, write to Dept. CE today! 

From this central 
console head- 
quarters at Kan- 
sas City, Missouri, 
the entire Platte 
pipeline and com- 
munication sys- 
tem can be con- 
trolled and mon- 
itored. 

Platte Pipe Line 
Company's micro- 
wave system is over 
1000 miles long... 
to provide every 
communication and 
control facility: 
voice channels, 
remote supervisory 
control, continuous 
or selective tele - 
metering, teletype, 
alarm signaling and 
VHF radio. This 
entire microwave 
system was sur- 
veyed, designed and 
installed by Philco. 

Typical Philco Nellie Insiellatiot: 

El Paso Natural Gas 
Company has 500 
miles of Philco 
Microwave with an 
average distance of 
50 miles between 
stations. This New 
Mexico to Arizona 
system consists of 
repeater and termi- 
nal stations, multi- 
plexing equipment 
for system party 
line and VHF radio 
channels. 

The longest 
microwave hop 
in the nation is 
this 81 -mile El 
Paso hop from 
Mount Elden to 
Dilkon, Arizona 
... typical of the 
utilization of ter- 
rain advantage 
by Philco. 

PHILCO CORPORATION 
GOVERNMENT & INDUSTRIAL DIVISION PHILADELPHIA 44, PA. 



ANNOUNCING 
IMMEDIATE DELIVERY OF 

PLATT 
450-470 

MOBILE RADIO 

WRITE TODAY FOR COMPLETE INFORMATION 

PLATT 

ALSO AVAILABLE 
PLATT SETS COVERING 

152-174 MC BAND 
25-50 MC BAND 

eoPe, 
489 BROOME STREET NEW YORK 13 NEW YORK 
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So watt 
VHF TRANSMITTER 

PTC 351 FOR 

RADIO CONTROL 

IN CIVIL ENGINEERING 

Of an advanced design using the 

latest techniques, the new Pye 

5o -watt V.H.F. Transmitter is ideal 

for use in normal fixed and mobile 

schemes where high powered transmitters are required. 

It may also be used for point-to-point radio -telephone links. 

- 

Telecommunications 

T_ 
PYE LIMITED 

A further application is in the 

aeronautical band where the 5o -watt 

transmitter, together with the standard 

Pye fixed receiver, provides one of the 

most efficient ground -to -air control 

stations at present available in the world. 

CAMBRIDGE ENGLAND 
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Specifically Designed For 

Rugged Mobile Communications Service 

NDABL 
and Trouble -Free 

VIBRATORS 
Select your replacement vibrators wisely... and you, 

too,will choose Radiart! Laboratory tests and customer 

reports prove that Radiart Vibrators give LONGER 

LIFE and trouble -free performance BECAUSE THEY 

ARE BUILT TO WITHSTAND RUGGED SERVICE! These 

extra hours of dependable performance is one of the 

factors that has made Radiart the leader. Superior 
engineering and design have made them THE 

STANDARD OF COMPARISON. 
Al oll good radio parts jobbers. Ask for the new Form F781 

listing the latest replacement recommendations. 

ROTORS 

IT'S RIGHT WHEN IT'S RADIART 

THE RADIART CORPORATION 
CLEVELAND 13, 01110 

VIBRATORS AUTO AERIALS 

TV ANTENNAS POWER SUPPLIES 
4 

Entered as second-class matter August 22, 1946, at the Post Office, 
Great Barrington, Mass., under the Act of March 3, 1879. Addi- 
tional entry at Post Office, Boston, Mass. Printed in the U. S. A. I'A r.ii ial 

CIRCULATION AUDITED BY 
HENRY R. SYKES 

CERTIFIED PUBLIC ACCOUNTANT 
SYEES, GIDDINGS a JOHNSON 
PITTSFIELD, MASSACHUSETTS 
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DC -AC CONVERTER 

by Ei)U 

Delivers MORE Power 
for PROFESSIONAL Use 
These latest -of -all Carter DC to AC Con- 
verters are specially engineered for pro- 
fessional and commercial 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 
freauencv control feature. 

HOW LEADING NETWORKS 
USE CARTER CONVERTERS 

Photo shows Tommy Bartlett, star of NBC 
"Welcome Travellers" program, aboard 
N.Y.C. R.R. "Twilight Limited." His Carter 
"Custom" Converter makes recording pos- 
sible on board the train, from regular train current converted to 110 V. AC. Radio net- works, stations, program producers use Carter Converters for all sorts of on -the - 
spot recording. 

4 2641 N. Maplewood Ave. 
Chicago 47 

Carter Motor Co - -- j 
2641 N. Maplewood Ave., Chicago 47 1 

I 
Please send new catalogs containing corn- I 

plete information on Carter "Custom" Con- I 

verters and other Rotary Power Supplies. 1 

Name I 

I 

I 

State j 

TOTAL 
MOBILE 

TOTAL 
BASE 

Police 2,361 183 

Fire 910 56 
Special Emergency 229 103 
Highway Maintenance 746 34 
Forestry Conservation 158 36 

Power Utility 1,726 81 
Pipeline Petroleum 735 127 
Special Industrial 2,561 240 
Low -Power Industrial 1 

Relay Press 45 1 

Motion Pictures 
Forest Products 107 11 

Taxicabs 2,283 53 
Railroads 507 30 
Highway Trucks 871 63 
Intercity Buses - 1 

Transit Utilities 31 3 
Auto Emergency 207 28 

Radio Paging - 21 
Common Carrier 549 6 

Misc. Common Carrier 360 13 

TOTALS 14,386 1,091 

SYS'I'EMS 1)A'IA 

FOLLOWING is a list of transmitters 
not included in the Table, because 

they will be operated outside the 30 to 
50 and 152 to 174 -mc. bands, for which 
applications were filed during December 
and January: 

POLICE: 60 speedmeters on 2,455 mc.; 
1 interzone CW transmitter on 1.722, 2 

on 2. 804, and 2 on 7.935 mc.; 4 relays 
on 75 mc., 6 on 155 mc., 2 on 955 mc., 8 

on 1,895 mc., and 20 on 6,585 mc.; 1 

control transmitter on 958 me., 1 on 458 
mc., 2 on 74 mc., and 2 on 1895 mc.; 11 

operational transmitters on 65 mc. 
FIRE: 1 relay on 453 me., and 1 on 153 

me.; 1 control transmitter on 458 me., and 
2 on 154 mc. 

SPECIAL EMERGENCY: 1 relay transmit. 
ter on 453 mc., and 1 on 157 mc.; 1 con- 
trol transmitter on 458 mc., and 2 on 162 

mc.; 40 mobile units and 1 base transmit- 
ter on 3.190 me.; 200 mobile units and 4 

base transmitters on 458 mc.; 1 base 
transmitter on 2.726 mc.; 2 operational 
transmitters on 458 me., and 1 on 3.201 
mc. 

HIGHWAY MAINTENANCE: 2 relay 
transmitters on 454 mc., 1 on 161 mc., 
and I on 74 me.; 5 control transmitters 
on 458 mc., and 1 on 75 mc. 

FORESTRY CONSERVATION: 2 base trans- 
mitters on 2.226 mc.; 4 relays on 173 mc., 
1 on 159 mc., and 1 on 453 mc.; 1 control 
transmitter on 170 mc., and 1 on 453 mc. 

POWER UTILITY: 3 base transmitters on 
456 mc.; 2 mobile relays on 37 mc.; 4 

relay transmitters on 75 mc., 2 on 451 

mc., 2 on 190 mc., 4 on 67 mc., and 1 on 
953 mc.; 3 control transmitters on 456 
me., and 1 on 48 mc.; 10 operational 
transmitters on 1,900 me., 1 on 169 mc., 
2 on 6,625 mc., and 1 on 40.68 mc.; 1 

mobile operational unit on 48 mc. 
PIPELINE PETROLEUM: 3 mobile units 

and 13 base transmitters on 2.292 mc.; 2 

mobile units and 9 base transmitters on 
4.638 mc.; 10 mobile units on 1.628 mc.; 
50 mobile units and 6 base transmitters 
on 456 mc.; 15 mobile units and 1 base 
transmitter on 25 mc.; 5 base transmit- 
ters on 1,855 mc.; 5 relay transmitters on 
75 mc.; 3 mobile and 1 base relay on 158 
mc., and 2 base relays on 451 mc.; 5 con- 
trol transmitters on 72 mc., 3 on 456 mc., 
and 10 on 153 mc.; 15 operational trans- 
mitters on 1,895 mc., 2 on 956 mc., 6 on 
6,700 mc., and 2 on 75 mc. 

SPECIAL INDUSTRIAL: 11 mobile units 
and 6 base transmitters on 2.292 mc.; 80 
mobile units and 3 base units on 27 mc.; 
6 mobile and 1 base transmitter on 456 
mc.; 6 relay transmitters on 75 me., 5 on 
960 mc., and 1 on 456 mc.; 6 control 
transmitters on 75 mc., 1 on 451 mc., and 
10 on 960 mc.; 2 operational transmitters 
on 72 mc. 

RELAY PRESS: 110 mobile units and 
3 base transmitters on 456 mc. 

TAXICABS: 270 mobile units and 4 

base transmitters on 457 mc. 
RAILROADS: 4 mobile relays on 160 

mc. 
AUTO EMERGENCY: 80 mobile units 

and 3 base transmitters on 452 mc. 

TABLE OF APPLICATIONS FILED OCTOBER 23, 1953 TO JANUARY 1, 1954 
TOTAL 30 to 50 mc.- -152 to 174 mc.- 
PORT. MOBILE BASE BASE PORT. PORT. MOBILE 

96 1,464 111 27 897 72 69 
5 447 27 3 463 29 2 - 154 87 - 75 16 - - 604 18 142 16 

108 17 50 19 - 663 49 - 1,063 32 - 
12 455 103 280 24 12 
16 1,718 178 1 843 62 15 

566 77 - 1 489 
- 45 1 

95 9 12 2 

.5 2,283 53 5 
40 - 507 30 40 - 836 63 35 - - 1 

31 3 
207 28 - 21 

85 1 - 464 5 - 360 13 

740 6,867 716 108 7,519 375 632 

COMMUNICATION ENGINEERING January -February, 1954 



RCA Microwave radio relay installation 
at High Ridge, Mo. Towers are rugged, 
designed to withstand 100 -mph winds 
under severe icing conditions. 

radio -relay cornnunicufo 
and remote control 

Osage Hydroelectric Power Plant in- 
stallation of Union Electric Conpary of 
Missouri, at Bagnell Dan, Mo.-serviced 
by RCA Microwave. 

How UNION ELECTRIC 

solved today's 
communication problem 

Two years ago Union Electric Com- 
pany of Missouri ran into the communi- 
cation problem which sooner or later 
confronts all growing utilities: their 
high -line carrier transmission system 
had become inadequate. 

The 150 kc bandwidth, allotted for 
power line carrier operation, permits 
the use of only a relatively few channels 
which are not sufficient to meet all the 
requirements of a modern communica- 
tions system. Direct wire lines were 
ruled out as too costly. 

That prompted engineers to adopt 
Microwave, supplemented with mobile 
radio at major relay points. RCA Micro- 
wave provides channels for remote con- 
trol of load dispatching, telemetering, 
teletype and voice communication. It 
results in close co-ordination of vehicles, 
field crews, executive and service per- 
sonnel at outlying offices and stations. 
And, 70% of the RCA Microwave system 
is available for future expansion. 

u LE 

JO Wet IMP 

SUfMn-'.- 

: vtAUIML 

Union Electric Co. Micrcwave system s:retcles 
out 42' Hiles ic_3 directions from St. logis. 

RCA Microwave can be intercon- 
nected with existing pltor_e lines and 
switchboards. I: uses farrilar channeling 
circuits and r.adi1y available tubes. 
It provides as many channels as needed 
with minimum use Df fr.equency space. 

Now Union Electric his dependable, 
year-round communications over the full 
length of its opera_iors. RCA "dish" 
antennas atop :00- :o '0ù foot towers, 
spaced 11 to 45 miles apiit, send con- 
centrated beams cf radio energy from 

r 
CONM:/N/C7T/ONS EV6'/PA/EN7 

,. 

sta:ion to station. The radio beams fol- 
low a line -of -sigh= pa=h-ipp_oxi- 
mately parallel to the :raps mission lines. 

You, :oo, can plan now for Tomorrow's 
pro$len.t-prepare for amour expanding 
communications needs before they de- 
velop. The booklet lis_ed below pro- 
vides quickly digested facts for future 
thinkirg, with no cbligaiion 71z your part. 
Mail die coupon. Remeareer, only RCA 
can provide :he nation-wide service 
fac_lities of the RCA Servio2 Company. 

RADIO CORPORATION of AMERICA 
CAMPEN. N. J 

Dm:. A_32, Building 15-1 

Ploie send me your -efcint des.^ribing Union Eleárc 
fiera ive system. "A icrwive Rrlie-)es Overloadet' Giruts. " 

Name Ti -le 

Company Address 

City Zone state 
Hart( as RCA representative get :c touch with me. 
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RADIO 
ENGINEERING 
LABS., Inc. 
PIONEERS IN THE CORRECT USE OF 

ARMSTRONG FREQUENCY MODULATION 

REL has no equal in excellence for FM 
point-to-point radio relay multiplexing 
equipment in the range 70 to 2000 MC 
with band widths up to 300 KC for as 
many as 72 voice circuits. 

REL 

REI. 

Typical 

Equipment 

Type 695M-755 CM. 

Transmitter -Receiver Terminal. 
152-174 MC. Bandwidth. .2 to 

20 KC. Transmitter power 20 
watts. Receiver sensitivity 1.6 

microvolts. 

frequency modulation rodio trans- 
mitting equipment employs the 
SERRASOID modulator having no 
tuned circuits and requires only 
standard receiving type tubes. 

FM radio installations are unique in 
quality and reliability. Join the 
rapidly growing list of companies who 
have successfully solved their radio 
multiplex circuit problems by em- 
ploying REL know-how and equipment. 

engineering consultation is available 
if you are planning new or modified 
telephone facilities. 

Canadian Representative: 
Ahearn & Soper Co., Ltd., P.O. Box 794, Ottawa 

Engineers and Manufacturers of 
Broadcast, Communication, and 
Associated Equipment since 1922 

RADIO ENGINEERING 

LABORATORIES, Inc. 

PRO1)IJC'I' INFORMATION 

Weatherproof Housings: For use on 
fire trucks, emergency mobile apparatus, 
and service and utility vehicles, weather- 
proof steel housings for Carfone and 
Fleetfone 2 -way radio equipments are 
now available. Weighing about 50 lbs., 
the sturdy boxes have hasp latches on the 
covers which, when opened, expose top 
and one side of equipment. RCA Victor, 
Communication Equipment Section, 
Camden, N. J. 

New Dynamotors: Model B615V 
Change -A -Volt dynamotor permits op- 
eration of 6 -volt mobile radio equipments 
on vehicles with 12 -volt electrical sys- 
tems, is supplied with starting relay, 
switch and fuse block, and has an effi- 

ciency of 65%. Usable with transmitters 
of up to 30 watts. Complete specifica- 
tions given in Bulletin 653A. For those 
interested in the complete line of Carter 
products, 28 -page bulletin 753 is avail- 
able on request. Also, a slide chart cal- 
culator for computing efficiency and reg- 

ulation of any rotary power supply will 

be sent free on request. Carter Motor 
Company, 2641 North Maplewood Ave., 
Dept. 26, Chicago 47, Ill. 

Mobile Equipment: Descriptive litera- 
ture is available on the now -complete 
Platt line, consisting of 2, 10, 30, and 60 - 

watt mobile and base units and 250 watt 
fixed stations in the 25 to 50, 152 to 174, 

and 450 to 470 -mc. bands. Delivery is 

said to be immediate on equipment for 
the lower bands, and 60 days for high - 
band units. Platt Manufacturing Corp., 
489 Broome Street, New York 13, N. Y. 

Test Equipment: Type 232-A Glide 
Slope signal generator, shown here, is 

said to provide for the first time in a sin- 
gle instrument complete testing and cali- 
bration facilities for glide -slope receiving 
equipment, as used in the CAA instru- 

mucut landing system. RF and IF signal 
voltages are available for accurate study, 
alignment, and calibration, and internal 
modulation for simulation of on -and off - 

course signals. Other new components 
are type 590-A inductors for use in types 
170-A and 190-A Q -meters, for the range 
from 20 to 230 me., and the type 518-A 
Q standard inductor for accurate calibra- 
tion. Inquiries should be addressed to 
Henry J. Lang, Boonton Radio Corp. 
Boonton, N. J. 

1953 Catalog Edition: The 18th edition 
of Radio's Master has just been distrib- 
uted, numbering 100,000 copies. It is 

claimed that the 1370 pages list 90% of 
the electronic industry's parts and equip- 
ment output; complete descriptions, spe- 
cifications, and prices are accompanied 
by more than 8,000 illustrations. Sys- 
tematically organized in 18 sections for 
fast location of desired components. 
United Catalog Publishers, Inc., 110 

Lafayette Street, New York 13, N. Y. 

Octal -Base Crystals: The G-9 series of 
flexure -mode crystals, hermetically sealed 
in an evacuated glass holder with octal 
base, are available for the range from 4 

to 80 kc. Operating range is -40 to 
+70° C.; capacity ratio Co/C is said to 
be very high. The James Knights Com- 
pany, Sandwich, Ill. 

Connector Bulletin: Series XL low- 
level audio connectors is described com- 
pletely in 4 -page bulletin XL8-1953. Di- 
mensional sketches, sectional drawings, 
and detailed technical information are 
given for 17 assemblies and two insert ar- 
rangements. All connectors in this series 
are equipped with latch locks. Cannon 
Electric Advertising Dept., 3209 Hum- 
boldt Street, Los Angeles 31, Calif. 

Remote Switching Unit: The PCU-2 
pulse counting unit responds to and chan- 
nelizes telephone dial -actuated pulses to 
perform selective switching operations at 
a remote point. Transmission medium 
can be any that will accommodate audio 
tones or DC telegraph signals. Can be 

used to select any one of 10 telemetering 
circuits for transmission over a single cir- 

cuit, or controlling any equipment adapt- 
able to electrical control. The Hammar- 
lund Manufacturing Company, Inc., 460 

West 34th Street, New York 1, N. Y. 

Cob1111TJNICATI0N E N( SNEERING January -February, 1954 
TEL.: STILLWELL 6.2100 TELETYPE: N. Y. 2816 

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



12 to 6 -Volt Converters: Two small 12 
to 6 -volt converter units have been de- 
signed to furnish from 10 to 30 and 
from 10 to 50 amperes at an efficiency of 
80%. Heavy-duty 16 -contact vibrators 
are used. Overall dimensions are 7 by 

91/4 by 6:14 ins., so that either unit can 
be mounted under the dashboard or in 
the luggage compartment. Motorola 
Communications & Electronics Division, 
15l5 West Augusta Boulevard, Chicago 
SI, Ill. 

Vibrator Converters: Series 3200 vi- 
brator converters, designed to supply 115 
volts AC at 60 cycles and 375 volt-am- 
peres, are described in Bulletin EB- 
3200. Complete technical specifications 
and performance curves are given. In- 
tended primarily for railroad operation. 
t hese units can be obtained for 32, 61, or 
HO volts DC primary power. Also cata- 
log ä00D contains the complete line of 
C -D capacitors in its 36 pages; free on 
request. Cornell-Dubilier Electric Corp., 
South Plainfield, N. J. 

Communication Antennas: Bulletin 
118-A describes fixed -station omnidirec- 
tional and Yagi antennas and accessories 
for 148 to 171 and 150 to 470 -mc. Avail- 
able free of charge on request to the An- 
drew Corp., 363 East 75th Street, Chi- 
cago 19, Ill. 

.5 to 50 -Mc. Unit Oscillator: Type 
1211-A unit oscillator covers the range 
from .5 to 50 mc. in two logarithmic 
ranges, with an output of 2 watts up to 
3 me. and at least .2 watt above. Fre- 
quency is indicated directly on a 6 -in. 
dial, and approximate increments of fre- 
quency expressed in percentage are indi- 
cated on drive dial. Voltage divider out- 
put control; frequency calibration accu- 
racy 2`,i at no load. General Radio 
Company. Cambridge, Mass. 

Gold -Plated Connectors: Amphenol 
AN connectors are now supplied with an 
additional outer plating of gold on the 
contacts. in addition to the previous sil- 
ver plate. This assures good contact per- 
formance and easy soldering even after 
long periods of storage under corrosive 
conditions. American Phenolic Corp., 
1830 South 54th Avenue, Chicago 50, Ill. 

Continued on page 12 

THE 

SHA 

OFF 

MICROWAVE 

Until a few years ago, full utilization of microwave communi- 

cations was hampered by the lack of multiplexing equipment 

which provided necessary transmission quality aid flexibility of 
arrangements. Lenkurt helped remove these "shackles" by pro- 

viding multiplex equipment for radio using frequency division 
techniques to achieve the desired objectives. 

Frequency division multiplexing, highly developed for wire - 
line and cable telephone carrier equipment, has many advantages 

for microwave systems. With each channel occupying a separate 

portion of the frequency spectrum, individual channels or groups 

of channels can easily be dropped out at repeater points and 

terminated or arranged for party -line operation. Total frequency 

spectrum is conserved because groups of channels can be trans- 

mitted with much less r -f bandwidth than is recuired for other 
multiplexing methods. 

Radio channelizing equipment by Lenkurt, lead ng independent 
manufacturer of telephone carrier systems, provides from 4 to 72 

toll -quality voice channels over a single radio transmission path. 

It is widely used with the VHF and microwave equipment of major 

radio manufacturers. 

LENKURT ELECTRIC CO. 
SAN CARLOS 1, CALIFORNIA 

formerly FM -TV RADIO COMMU'NICATION 7 



CARBON AND 
DYNAMIC TYPES 

E -V Mobile -Mikes are designed for 
the ultimate in speech transmission! 
You get high intelligibility, high out- 
put, more usable power level, less 
listener fatigue and other E -V fea- 
tures. Proved in toughest service. Used 
in public safety, aircraft, railroad and 
government communications. High 
impact phenolic case. Permanent fin- 
ish. Weighs as little as 7 oz. Model 
210 Carbon lists at $28.50. Model 
600-D Dynamic lists at $38.50. 

EXACT 
REPLACEMENT 

Carbon Mobile -Mikes 
also available for exact 
replacement in current 
Motorola, RCA, G.E. 
and similar equipment. 
You get full advantage 
of E -V design and 
performance features. 

NOISE -CANCELLING DIFFERENTIAL* 
Close -talking, carbon 
type. Assures clear 
speech transmission 
under high ambient 
noise in any weather or 
climate. Blast -proof, 
waterproof, shock - 
resistant. Model 205 
lists at $38.50. Model 
602 Differential Dy- 
namic at $49.50 list. 
('Patent No. 2,350,010) 

Send for Bulletin! 

BUCHANAN, MICHIGAN 
Export: 13 E. 40th St., N.Y. 16, U.S.A., Cables: Arlob 

AUTHORIZED DISTRIBUTORS EVERYWHERE 

8 

THIS MONTH'S COVER 
Railroad radio is one of the fast- 

est -growing in the mobile commu- 
nication services, although one of 
the least publicized. And contrary 
to what might be expected, there 
is more variety in railroad radio 
systems engineering than in most 
other services. Beginning on page 
26, radio engineer Warren J. Young 
describes the Erie Railroad main- 
line installation, one of whose base 
stations is shown on the cover. 
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(;t)MI'A\TII:S & PEOPLE 
Dr. R. A. Heising: Awarded the Arm- 
strong medal by the Radio Club of 
America at its 44th annual banquet. In 
1914 he joined Western Electric, where 
his work led to construction of the first 
transmitter to carry a human voice across 
seas and continents. He invented the 
system of modulation which bears his 
name. Other activities include research 
on carrier current and piezoelectrics. He 
retired recently after 39 years of service 
at the Bell Telephone Laboratories. 

New Professional Group: IRE has or- 
ganized a Professional Group on Engi- 
neering Management, currently sponsor- 
ing a course entitled "Engineering Man- 
agement in the Electronics Industry." 
Seminars limited to 40 persons began 
Nov. 6 and will include 15 meetings, 
under the chairmanship of J. W. Jarmie, 
of the Electronic Engineering Company 
of California. 

John P. Tansey: Appointed national 
service manager of Motorola's Communi- 
cation division. Formerly service con- 
tract manager, Mr. Tansey replaces Fred 
Schnell, who is now staff assistant to the 
vice-president. 

Walter Widlar: Died suddenly on No- 
vember 25 of a heart attack, at the age of 
45. He was sales manager of the Bird 
Electronic Corp. 

Plant Addition: Insuline Corp. of 
America, Long Island City, N. Y., re- 
cently added 281,000 square feet of space 
by purchasing a four-story factory in 
Manchester, N. H. The new facilities 
will increase TV and auto antenna pro- 
duction about 10 times, as well as quad- 
rupling manufacturing facilities for cabi- 
nets, racks, and chassis. Insuline Corp. 
will maintain its New York factory and 

administrative offices at 36-02 35th Ave- 
nue, Long Island City. 

Roy F. Allison: Resigned as editor of 
COMMUNICATION ENGINEERING Magazine 
to take a position as associate editor of 
High Fidelity Magazine. 

Helipot Expands: Helipot of California 
opened a new Eastern plant of 14,000 
square feet last month in Mountainside, 
New Jersey. This plant will produce pre- 
cision potentiometers and turns -counting 
Duodials; the building will also house the 
eastern showrooms and offices of the 
Beckman Division of Beckman Instru- 
ments, Inc. 

Stromberg - Carlson Appointments: 
Arthur Gibson has been named corporate 
secretary of the company. Mr. Gibson 
has been with Stromberg -Carlson since 
1912; for the last 5 years, he has been 
general manager of the Telephone Di- 
vision. John H. Voss, formerly chief tele- 
phone engineer, was appointed to replace 
Mr. Gibson. Mr. Voss has been with the 
company since 1946. 

Collins in Canada: The Collins Radio 
Company of Cedar Rapids, Iowa, has 
organized a subsidiary, Collins Radio 
Company of Canada, Ltd., at 74 Sparks 

Continued on page 10 

MEETINGS and EVENTS 
APRIL 24, 

CINCINNATI SECTION IRE CONFERENCE 
Cincinnati, Ohio 

MAY 4 - 6, 
ELECTRONICS COMPONENTS SYMPOSIUM 

U.S.D.I. Auditorium, Washington, D. C. 

MAY 10 -12, 
AIRBORNE ELECTRONICS CONVENTION 

Dayton Biltmore Hotel, Dayton, Ohio 

MAY 17 - 20, 
ELECTRONIC PARTS SHOW 

Conrad Hilton Hotel, Chicago 
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Power Gain of 

1000 at UHf 

EIMAL 3850,000LE 

Length 49 inches 

Weight 48 pounds 

Eimac 3K50,000L Klystrons 

in typical CW operation 
give 10KW power output 
with only 10 watts drive 

High power, high efficiency, ultra -high frequency 
Eimac type 3K50,000L klystrons, widely heralded 
for UHF -TV, are proving outstanding for CW. 
Typical CW operation of these versatile klystrons 
shows 40% efficiency while delivering 10 kw out- 
put with only 10 watts drive-a power gain of 30 
db., or 1000 times. Furthermore service at fre- 
quencies above and below the UHF -TV band is 

being obtained through flexibility provided by the 
externally tuned cavities of Eimac klystrons. 

For information about Eimac type 3K50,000L 
klystrons contact our Application 
Engineering department. 

TYPICAL OPERATION 
3K50,000L Klystrons 

CW TV 
D -C Beam Current 1.65 2.15 amps 
D -C Beam Voltage 15 17.2 kv 
Driving Power 10 55* watts 
Power Output 10 12* kw 
Efficiency 40% 32%* 

*Peak synchronizing level (80% of saturation power) 

3K50,000L KLYSTRONS 

FOR UHF -TV 

TYPE FREQUENCIES 

3K50,000LA 470-580 me 

3K50,000LF 580-720 me 
3K50,000LK 720-890 me 

EITEL -McCULLOUGH, INC 
SAN BRUNO CALIFORNIA 
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'the components 

you need 

are listed_ 

in the new AMPHENOL CATALOG B-3 
The new AMPHENOL B-3 catalog has just been released. The 
B-3 is designed to give general information about the entire 
AMPHENOL line of quality components-AN connectors, 
RF connectors, coaxial cables, sockets-everything made 
by AMPHENOL is concisely described and illustrated. 
From the B-3 you will be able to choose the components 
you need for quality electronic equipment. 

At AMPHENOL there is a constant concern with quality. In 
design, engineering and production this AMPHENOL 

emphasis on quality produces quality components for the 
electronics industry. New ideas are a major AMPHENOL 

contribution to electronics. Connectors and cables with 
application possibilities thought impossible a few years ago 
are made by AMPHENOL today. 

The B-3 catalog also gives a complete listing of special 
catalogs and bulletins that will prove of value where more 
specific information is required on AMPHENOL components. 

AS TODAY, TOMORROW'S AIRCRAFT WILL RELY UPON AMPHENOL COMPONENTS 

AMERICAN PHENOLIC CORPORATION 

chicago 50, illinois ^MPHEN0L 

COMPANIES & PEOPLE 
',natinned from. page 8) 

Street, Ottawa, Ontario. Primary pro- 
duction will be communication and navi- 
gation equipment for the Canadian De- 
partment of Defense Production; the sale 
of Collins commercial equipment in 
Canada will be promoted also. W. S. 
Kendall, formerly sales manager of 
Marshall -Wells Co., Ltd., will manage 
the new company. 

Dr. P. S. Christaldi: Promoted to man- 
ager of the Instrument Division of Allen 
B. DuMont Laboratories, Inc., replacing 
Rudolf Feldt who has resigned. Dr. 
Christaldi has been with Du Mont since 
1938, in later years as chief engineer and 
engineering manager of the Instrument 
Division. 

Dr. Alfred N. Goldsmith: Given 
Founders Award by IRE. He is a co- 
founder of the Institute and is currently 
the editor of Proceedings of the I. R. E. 
Born in New York in 1899, he received a 
Ph.D. from Columbia University and in 

1923 became permanent professor of 
Electrical Engineering at CCNY. He 
has been with GE, Marconi Wireless 
Telephone Company. and RCA. 

Name Change: Workshop Associates, 
the Norwood, Mass., Division of the 
Gabriel Company, will henceforth be 
known as the Gabriel Electronics 
Division. 

Stanley D. Crane: Appointed director 
of engineering and research for the 
jeial Products Division of Raytheon 
Manufacturing Company. Mr. Crane 
has been with the company since 1944 as 
chief engineer of the Special Products 
Division. 

Tower Plant Addition: Rohn Manu- 
facturing Company has just completed a 
5,000 -square foot addition to its main 
plant at Peoria, Illinois. The company 
manufactures towers for communication 
and radio antennas. 

Link Bought: Link Radio Corp. of 125 
West 17th Street, New York City, an- 
nounced recently the transfer of stock- 
holding interests to Murray Platt, who 
was elected president. A complete re- 
organization is planned. Mr. Platt is 
also president of Platt Manufacturing 
Corp. of 489 Broome Street, New York 
City. The entire engineering and pro- 
duction facilities of the Link and Platt 
organizations will now be combined. 

WCEMA Elections: At the December 
1953 WCEMA meeting E. P. Gertsch of 
Gertsch Products was elected chairman 
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for 1954, R. G. Leitner of Packard -Bell 
vice chairman, and Gramer Yarborough 
of American Microphone Company. sec- 
retary -treasurer. 

Scarce Materials Released: The reg- 
ulatory measure "Designation of Scarce 
Materials 1" has been revoked by the 
BDSA. This measure specified as scarce 
the alloying materials chromium cobalt. 
columbium. tantalum, molybdenum, and 
nickel, as well as diamond grinding 
wheels. BDSA officials said that contin- 
uation of this designation is no longer 
warranted. 

1954 IRE Officers: William R. Hewlett 
of Hewlett-Packard Company was elect- 
ed president of the IRE, succeeding Dr. 
.lames W. McRae of the Sandia Corp. 
Maurice J. H. Ponte of Compagnie Gen- 
erale de Telegraphic Sans Fil, Paris, suc- 
ceeds S. R. Kantebet of the Government 
of India Overseas Communications as 
vice-president. New directors for 1954- 

1956 are: Axel G. Jensen of Bell Tele- 
phone Laboratories. Inc., and George 
Rappaport of Aircraft Radiation Labora- 
tory, Dayton. 

Charles F. Stromeyer: Promoted to 
executive vice-president of CBS-Hytron, 
a division of the Columbia Broadcasting 
System. He joined Hytron in 1942 as 
chief engineer and has been assistant to 
the president and vice-president in charge 
of manufacturing and engineering. 

New RCA Plant: Dedicated recently in 
Moorestown, New Jersey at Borton 
Landing Road and Marne Highway, this 
one-story plant of 145,000 square feet 
will be devoted to the conception, devel- 
opment, and design of all types of ground 
and marine radar equipment. 

C. G. Barker: New distribution man- 
ager of the National Company, Inc., of 
Malden, Mass. Prior to this he was vice- 
president in charge of sales for Magne - 
cord, Inc., of which he was one of four 
original founders. 

Martial A. Honnell: Elected vice-presi- 
dent and chief engineer of Measurements 
Corp., Boonton, New Jersey. He wa, 
formerly professor of electrical engineer- 
ing and electronics at Georgia Institute. 
of Technology. 

Dr. Virgil E. Bottom: Appointed devel- 
opment physicist in charge of Solid State 
Devices Development Group of Moto- 
rola, Inc. at Phoenix, Arizona. He heads 
a group of engineers developing transis- 
tors. Previously he was professor of phy- 
sics and director of piezoelectricity at 
Colorada .1. & M. College. 

JHiR 
A FIRS 
FOR 
EVERY HINÚ 

MONITORADIO 
MODEL FMC 1-L-6 
Single Frequency 30-50 MC 

MODEL FMC 1-H-6 
Single Frequency 147-174 MC 

NOT a Converter! 
BUT a completely tamper -proof, 
self-contained receiver! 

and this is ̀  the first ti i 
mobile FM crystal con 
has 'been offered at 

Both of these units are invaluable as 
additional receivers for separate frequency 
channel monitoring 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 utilitks, forestry 
and railroad personnel, or use as a 
Walkie-Talkiç 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 cabinet. 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 for 
6 and 12 volt battery ignition systems. 
For information on complete line of fixed 
and mobile communications recaivers, 
write for form 22. 

RADIO.AP,PA.RATUS CORPORATIJN 
5 5 NORTH NEW JERSEY STREET 
INDIANAPOLIS 4, IND.. PHONE: ATLANTIC 624 

a high quality 
died receiver 
low cost! 



Professional Directory 

9anóhy gaily, jInc. 
Consulting 

Radio & Electronic Engineers 

Broadcasting -Telecasting Bldg. 
1735 De Sales St. N. W. 

Washington 6, D. C. ME 8-5411 

Engineering Building 
1339 Wisconsin Ave., N.W. 

Washington 7, D. C. AD 4-2414 

GEORGE P. ADAIR 
ENGINEERING COMPANY 

Consulting Engineers 

RADIO TELEVISION COMMUNICATIONS 

ELECTRONICS 

1610 Eye Street N.W., Washington 6, D. C. 

Executive 5851 Executive 1230 

antenna 
specialists 

MANUFACTURERS OF // RADIO COMMUNICATIONS ANTENNAS 

12415 EUCLID AVENUE 

CLEVELAND 6, OHIO 
eaaM IA575 

General Electric 
TWO WAY RADIO 

Systems Engineering 
Installation 
Contract Maintenance 

Communications Engineering Co. 
900 Dragon St. 6422 Long Dr. 

Dallas, Tex. Houston, Tex. 
PR 7508 OL 8501 

GABRIEL 
ELECTRONICS 

DIVISION 
Formerly Workshop Assoc. Div. 

THE GABRIEL COMPANY 

Specialists in 
High -Frequency 
Antennas 

Endicott St., Norwood, Mass. NO 7-3300 

CAMBRIDGE THERMIONIC CORP. 

C T C 
makers of guaranteed electronic 
components, custom or standard. 

465 Concord Avenue 
Cambridge 38, Mass. 

West Coast manufacturers con- 
tact: E. V. Roberts, 5068 West 
Washington Blvd., Los Angeles 
16, Calif., and 988 Market St., 
San Francisco, Calif. 

1'2 

NEW PRODUCTS 
(Continued front page 7) 

Fleet -Radio Control: Electrocall con- 
trol devices are now available for in- 
stallation in mobile units, as well as fully - 
automatic coding units for base -station 
use. With this equipment, the dispatcher 
can select any one of the mobile units 
under his control for private conversation 
without disturbing other fleet units. Con- 
tained in a housing 21/2 by 3 by 7 ins., the 
decoding device controls the output stage 
of the associated mobile receiver and, ac 
cording to the manufacturer, provides a 
14% reduction in battery drain. Lectro- 
lab Manufacturing Company, 2996 Mid- 
dlefield Road, Palo Alto, Calif. 

Tower Lighting Controls: Three an- 
tenna tower lighting control units, housed 
in compact indoor -mounting cabinets, are 
designed to meet FCC specifications for 
unattended tower lighting. Models LC - 
100, 200, and 300 are suitable for towers 
up to 150 ft., 150 to 300 ft., and 300 to 
450 ft. respectively. All contain photo- 
electric controls to turn lights on and off, 
and alarm panels to warn of lamp or 
power supply failure; models LC -200 and 
LC -300 contain flasher panels for beacon 
lamps as well. Hughey and Phillips, Inc., 
3300 No. San Francisco Blvd., Burbank, 
Calif. 

Bantam Crystal: The Bantam BX 
crystal provides precision control from 15 

to 100 kc. in subminiature size; this her- 
metically -sealed unit has same perform- 
ance characteristics as MIL types CR -23 
or CR -32. Can be wired to sub -miniature 
socket or soldered to PC terminal board. 

Bulletin 46, giving complete information, 
is available on request to Bliley Electric 
Company Sales Department, Union Sta- 
tion Bldg., Erie, Pa. 

Precision Dynamometer: Two models 
of inexpensive dynamometers are avail- 
able for checking relay contact force, mi- 
croswitches, and other small torque and 
force applications. Small models meas- 
ure from 5 to 15, 5 to 30, 10 to 50, 20 to 
100, and 25 to 150 grams; large models 
from 25 to 250, 50 to 100, and 100 to 
1,000 grams in each direction. Pamphlet 
describing them can be obtained from the 
George Scherr Company, 200 Lafayette 
Street, New York 12, N. Y. 

Professional Directory 

FRANK H. McINTOSH 

Consulting Radio Engineer 

1216 Wyatt Bldg., Washington 5, D. C. 

MEtropolitan 8-4477 

Wood Holly 
SINCE 
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. 
1345 West Beverly Blvd., Les Angeles 36, Calif. 

JOHN D. TRILSCH CO. 

TOWERS for 
RADIO TELEVISION 

COMMUNICATION 
1310 McKinney Ave., Houston, Texas 

Phone: ATwood 9351 

RATES FOR 

PROFESSIONAL CARDS 

IN THIS DIRECTORY 

$12 Per Issue for This Standard 

Space. Orders Are Accepted 

for 6 Insertions Only 
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900 -Mc. Helix: Model H-960 helical 
beam antenna, giving 15 db. gain in the 
890 to 960 -mc. band, is now in produc- 
tion. Available in either left or right- 
hand polarization, the units are 4 ins. in 
diameter and 30 ins. long, are rigidly 
mounted on 16 -in. square ground plate. 
Mark Products Company, 3547-49 Mont- 
rose Avenue, Chicago 18, Ill. 

VHF Interpolator: Model AM -1 inter- 
polator, when supplied with a standard 
100-ke. signal and used with auxiliary 1 

to 2 -mc. measuring equipment, measures 
or generates frequencies from 20 to 1,000 

mc. with an accuracy of better than 1 

part in 10 million, depending on accuracy 
of 100-kc. source. Rack or cabinet - 
mounted unit is 19 by 101/2 by 14 ins. 
Gertsch Products, Inc., 11846-48 Missis- 
sippi Avenue, Los Angeles 25, Calif. 

Tubes and Diodes: Literature is avail- 
able on the following components: 

Amperex Electronic Corp., 230 Duffy 
Avenue, Hicksville, Long Island, N. Y. - 
5894/AX-9903, twin tetrode, power am- 
plifier, modulator, and multiplier, 80 
watts at 200 mc. and .50 watts at 470 mc.; 
6360, twin tetrode, class C amplifier, os- 
cillator, multiplier, and modulator, 16 
watts at 200 mc.; rectifier, thyratron, and 
ignitron selection chart showing peak in- 
verse voltage and average forward cur- 
rent for all Amperex tubes, free of charge. 

General Electric Company, Tube De- 
partment, Schnectady, N. Y. - GL -6386, 
five-star miniature receiving tube for re- 
mote -cutoff cascode applications, useful 
for RF, IF, and mixer service. Major 
price reductions announced on 23 of 32 
available five-star tubes. 

Lewis and Kaufman Ltd., 126 El 
Rancho Avenue, Los Gatos, Calif. - 
3C24/24G, medium -mu triode, 25 watts 
plate dissipation, amplifier, modulator, 
oscillator with maximum ratings to 60 
mc. 

RCA Victor, Tube Department, Harri- 
son, N. J. - RCA -6263 and RCA -6264, 
UHF pencil -type triodes, 13 watts plate 
dissipation, full ratings to 500 mc., re- 
duced ratings to 1,700 mc., mu of 27 and 
40, respectively; 6 crystal diodes, germa- 
nium point -contact types sealed in glass, 
RCA -1N31 -A, -1N38 -A, -1N54 -A, -1N55- 
A. -1N56-A, -1N58-A. 

More RCA -2E26 tubes 
are used in mobile 
transmitters than any 
other transmitting 
tube type. 

WHEN YOU REPLACE TUBES in your 
communications equipment, you want the 
best tubes you can obtain. That's why it 
pays to insist on RCA Tubes. 

RCA's engineering leadership, produc- 
tion experience, and rigid standards of 
quality control assure you of tube Perform- 
ance Security in the operation of your 
mobile communications equipment. As 
evidence of this, more RCA tubes have 
been performance -proved under field oper- 
ating conditions than any other make. 

Call your local RCA Tube Distributor 
for efficient service and fast delivery. 

siel RADIO CORPORATION of AMERIC 

ELECTRON TUBES HARRISON, N.J. 

formerly FM -TV RADIO COMMUNICATION 13 



Came 494.iet 
Radio -Electronic Men ! 

A Fifty-four in '54! 

Just as you have been coming since 1945 to the IRE Na- 

tional Convention and Radio Engineering Show - coming 

by the thousands, 35,642 in '53 - so come again to see and 

hear all that is new in the engineering advances of your 
industry. 

- 243 scientific and engineering papers will be presented, skillfully 

grouped by related interests into 54 technical sessions. More than 
half these sessions are organized by IRE Professional Groups, thus 

making the IRE National a federation of 21 conferences in one. The 

whole provides a practical summary of radio -electronic progress. 

600 Exhibitors "spotlight the new!"-A mile and a half of exhibits line the avenues 

of this show, intriguingly named for the elements of radio - such 

as "Instruments," "Components," "Airborne," "Radar," "Transis- 
tor," "Audio," "Microwave," etc., filling the four acres of the great 
Kingsbridge Armory to capacity. An expanding radio industry shows 

why it is growing by proving how engineering research pays out 

in new products. The exhibits themselves are an education, con- 

densed to one place - reviewed in four days. 

Kingsbridge is the solution! Only the combined facilities of the 
Waldorf-Astoria Hotel, plus the three 
great halls in the Kingsbridge Ar- 
mory, seating 906, 720, and 500 re- 
spectively, are able to keep pace with 
the increased technical papers pro- 
gram of the IRE Convention. The 
show had to move because the U. S. 

Treasury took over Grand Central 
Palace. The immense Kingsbridge 
Armory, connected to the very satis- 
factory Lexington Avenue Hotel area 
by direct express subway, serves well 
to expand the already outgrown ex- 
hibit facilities of the Palace and pro - 

Waldorf -Astoria and Kingsbridge Armory 

vide space for 200 new firms to 
exhibit, as well as seat greater audi- 
ences at the high -interest sessions. 
In addition to the subways, free 
busses leave the Waldorf every ten 
minutes in which you may travel in 
the congenial company of fellow en- 
gineers, direct to Kingsbridge. 

A Admission by registration only! 
Registration serves for the four day 
period. It is $1. for IRE members, 
$3. for non-members, covering ses- 
sions and exhibits. Social events 
priced separately. 

March 22-25, 1954 

The IRE National Convention 
and 

Radio Engineering Show 
THE INSTITUTE OF RADIO ENGINEERS 

1 East 79th Street, New York City 
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Using Radio Links and Relays 
TYPICAL EXAMPLES OF HOW RADIO RELAYS AND LINKS CAN BE USED TO 
ADVANTAGE IN TWO-WAY SYSTEMS - By G. E. DODRILL AND J. F. ATKINSON" 

THE purpose of this paper is to describe various types and 
combinations of radio relay systems, and the conditions 

under which they may be authorized for operation. FCC def- 
initions and rules applicable to relay station operations can be 
found in Rules parts 11.3 and 11.7. 

Fixed Relay Stations: The remotely located radio station 
may be operated from the office either by a telephone line or 
by a radio relay link. In the latter case the relay station 
would extend the range of communications from the office to 
the mobile units in the system area. The type of relay station 
most often used for this purpose is called a fixed relay station. 
A fixed relay station receives radio signals directed to it from 
any source and retransmits them automatically on a fixed serv- 
ice frequency for reception at one or more fixed points. It is 
classified by the FCC as an operational fixed station in the 
fixed service. 

Mobile Relay Stations: Another type of relay station, called 
a mobile relay, is used primarily to extend the range of com- 
munication between mobile units. A mobile relay station is 
a base station (a station in the mobile service not intended for 
operation while in motion) authorized primarily to retransmit 
automatically on a mobile service frequency those communi- 
cations originated primarily by mobile stations, and may be 
located at the office or at a remote location. 

Two mobile service frequencies are required for a mobile 
relay installation. All mobile units transmit on one frequency 
and receive on the second. The mobile relay station receives 
the mobile transmissions and repeats them automatically and 
simultaneously on the second frequency. Receivers in the of- 
fice and in the mobile units are all tuned to this second mobile 
service frequency. 

If the mobile relay is not located at the office, the control 
transmitter at the office may operate on the same frequency 
as the associated mobile units, or it may operate on a fixed 
service frequency. The use of the mobile service frequency by 
such control stations is subject to the condition that harmful 
interference not be caused to other mobile units operating in 
the area. If the control station operates on the frequency of 
the mobile units, the mobile relay will repeat all messages re- 
ceived on that frequency regardless of whether it is from 
mobile units or from the office. Thus, any mobile unit may 
talk via the mobile relay to any other associated mobile unit 
or office within radio range of the same relay. 

Frequencies Used: Fixed relay stations utilize fixed -service 
frequencies in the 72- to 76 -mc., 450- to 460-mc.,1 950 to 960- 
nic., or higher microwave bands. Mobile relay stations utilize 
mobile service frequencies in the 30 to 50 -mc., 152 to 162 -mc., 
and 450 to 460 -mc. bands. Mobile service frequencies are those 
assigned by the FCC for communication between mobile sta- 
tions and between mobile and base stations. 

When fixed -service frequencies are to be used, the 72 to 76 - 

me. frequencies are preferred, particularly for non -line -of -sight 
paths. However, the use of 72 to 76 -mc. frequencies within 
100 miles of TV stations using channels 4 or 5 is not recom- 
mended if other fixed -service frequencies can be used satisfac- 
torily. TV Channel 4 is next to the lower side of the 72 to 
76 -mc. band, and Channel 5 is adjacent to the upper side. 
Under present FCC Rules, it is necessary to make a showing to 
the FCC for stations located within 55 miles of TV stations 
using Channels 4 or 5 that no interference will be caused to the 
reception of Channels 4 or 5. 

*Electrical Engineers, Rural Electrification Administration, United States 
Dept. of Agriculture, Washington, D. C. This paper was presented at the 
1953 IRE National Meeting of the Professional Group on Vehicular Com- 
munication, Hotel Somerset, Boston. 
,The 450-460 mc. frequencies are actually mobile -service frequencies, but 
they may be used as fixed -service frequencies with certain limitations as out- 
lined in section 11.254 of the FCC Rules. 
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Coded Trigger Signals: In order to protect other stations 
operating within the service area of a mobile relay station from 
undue interference that might be caused from frequent activa- 
tion of a relay transmitter by undesired signals, the FCC re- 
quires the use of a coded trigger signal where such interference 
ìs likely to exist. A trigger signal is required when 1) the 
mobile unit's frequency is below 50 mc., and where distant skip 
signals could cause the repeater to operate, or 2.) there are 
other stations within a 75 -mile radius of the mobile repeater 
operating on the same frequency as the mobile relay transmit- 
ter. The coded signal requirement may be waived if the mobile 
service frequency which activates the mobile relay is above 
50 mc. and the stations operating within a 75 -mile radius of the 
mobile relay on the same frequency do not object to the relay 
operating on a regular basis. 

Point -to -Point Operations: Mobile relay licensees having 
more than one business office can transmit messages between 
these offices through the mobile relay, provided the conditions 
are met as specified in paragraph 11.151 of the FCC Rules. 
Such transmissions are permissible when 1) the communica- 
tion is related directly to the safety of life or protection of 
property, or 2) the message to be transmitted is of imme- 
diate importance to mobile units, or 3) when wire line commu- 
nication facilities between such stations are inoperative, eco- 
nomically impracticable, or unavailable from communications 
common carrier sources. The temporary unavailability of a 

busy wire -line circuit is not considered to be sufficient reason 
for such communication. The transmissions permitted under 
Q) or 3) must be essential to the efficient operation of the 
system. 

Relaying Schemes: The diagrams on the following pages il- 
lustrate various arrangements of fixed and mobile relay instal- 
lations. 

Fig. 1 shows a one-way talk -back relay. The talk -back 
relay may have application where talk -out range is consider- 
ably greater than talk -back range, because of higher power 
at the base -station transmitter or high ambient noise level at 
the base station. Fl is any mobile service frequency and F52 

is any fixed relay station frequency. 
The system shown in Fig. 2 uses a fixed relay station and 

direct mobile -to-mobile operation. The fixed relay station and 
the control station provide a radio link between the office and 
the remotely located base station. Mobile stations commu- 
nicate with the office through the relay link and with each 
other directly. Only one mobile service frequency, F3, is used. 
Fl and F2 are any two fixed -service frequencies. 

Fig. 3 depicts the simplest form of mobile relay operation. 
The station may be located at the office, or remotely located 
and operated from the office through a telephone pair. Mes- 
sages can originate from the office as well as from the mobile 
units. Two mobile service frequencies are used. 

Fig. 4 shows a mobile relay station remotely located and 
controlled from the office by means of a mobile service fre- 

quency. Mobile stations communicate with each other 
through the mobile relay station using two mobile service fre- 
quencies. The relay station also repeats messages transmitted 
from the office on a mobile frequency. 

In Fig. 5 is diagrammed a similar setup except that a fixed 

service frequency is used to control the mobile relay station. 
The fixed service frequency provides a positive means for the 
office to gain control of the mobile relay transmitter. 

Fig. 6 shows a system of one office and two mobile relays, 
with only two mobile service frequencies used. Mobile units 
can communicate with each other provided they are within 
range of the same mobile relay station. They can communi- 
cate with the office through the nearest mobile relay. The 
office can communicate with any mobile station within range 
of either mobile relay station. Mobile units within range of 

mobile relay station No. 1 can communicate with each other 
simultaneously and without interference while mobile units 
within range of mobile relay station No. ó are communicating 
with each other. The office transmits on the mobile frequency. 
It may be desirable for the office or mobile units to use a 

coded trigger signal to activate the desired mobile relay. 
The system shown in Fig. 7 is virtually the same: the only 

difference between it and that in Fig. 6 is that a fixed service 
frequency is used by the office to trigger the relays. 

In Fig. 8 is outlined a system of two mobile relay stations 
used for communication between two offices: only two mobile 
service frequencies are required. Office No. 1 can communi- 
cate with Office No. Q through mobile relay station No. 1. 

Both offices can communicate with any mobile unit within 

F2 

F 

MOB. STA. 
NO.1 

OFFICE 
NO.1 

F2 

MOB. STA. 
NO.1 

F2 

FI 

MOB. STA. 
NO.1 

F2 

FI 

MOB .STA. 
NO.1 

MOB. R LV. 
NO.1 

F2 

MOB. RLY 
NO. I 

MOB. RLY. 
NO.1 

OFFICE 

OFFICE 
NO.2 

MOB. STA. 
NO.1 

MOB. STA. 
NO.1 

RLY. LOC. NO.1 FXDD.. RLV. 

F1\F F1 

OFFICE 

MOB. RLY. 
NO.2 

F2 

MOB. RLY. 
NO.2 

MOB. RLY. 
NO.2 

F2 

MOB. 
NO .3STA. 

MOB. STA. 
NO.2 

MOB. RLY. STA. INTERCONNECTED 
WITH TEL. LINE 

MOB. RLY. STA.INTERCONNECTED 
WITH TEL. LINE 

FI 

MOB.STA. 
NO.2 

MONOB. 

.2 
STA. 

F2 

NO.2 

MOB.STA. 
NO.2 

F2 

MOB. STA. 
NO.2 

F/Ilut Zr. RLY. LOC. NO.2 



F2 

F21 'F2 

Rra RF1 

MOB. RLY. 
TF4 NO.2 

F3 F3 
F2 

MOB. RLY 
NO.1 

MOB. STA. 
NO.1 

RLY.LOC. NO.1 

{ 
FS 

MOB. STA. 
NO.1 

MOB. STA. 
NO.1 

OFFICE 

FXD. RLY. 
NO.1 

F2 

BASE STA. 
NO.1 

RLY. LOC. NO.1 

F2 

RLY. LOC. NO.1 

F2 

/ F1 

MOB. STA. 
NO.1 - FXD. RLY. NO 2 

OFFICE 

FXNO.2D. RLY. 

FXD. RLY. 
NO.1 

MOB. RLY NO.1 

XD. RLY. 
NO.1 

FI 

MOB. STA. 

F20.R. NO.2 

NO.2LT RLY. LOC.NO.2 

F4 

FXD. RLY. BASE STA. 
NO.3 NO.2 

RLY. LOC. NO.2 

\I 

MOB.RL.Y 
NO 

RLY. LOC 
NO.2 

11111111 

Ff` 
MON0.2B RLY. 

RLY.LOC. 
NO.2 

T FS 

MOB. STA. 
NO.2 

M01111 TA. 

F2 

F1 

MOB. STA. 
NO.1 

MOB. STA. 
NO.1 

RLY.LOC. NO.1 

M OB. RLY 
NO.2 

OFFICE 
CONTROL STA 

MOB.STA. MOB. STA. 
NO.2 NO.3 

F2. 

MOB.STA. 
NO.2 

MOB STA. 
NO.4 

M08.STA. 
NO.3 

F 

MOB.STA. 
NO.4 

range of mobile relay station No. 1. Office No. 2 can also 
communicate with any mobile unit within range of mobile 
relay station No. 2. Mobile units within range of the same 
mobile relay station can communicate with each other. It is 
usual practice for the office or mobile units to use a coded 
trigger signal for activation of the desired relay. 

Fig. 9 shows the same type of system except that the 

offices transmit on a fixed service frequency to the mobile 
relays, thus gaining more positive control. 

Two mobile service frequencies are used in the system 
shown in Fig. 10, consisting of one office and two mobile relay 
stations. The relays are connected with telephone lines, so 
that communication is furnished between all mobile units 
within range of either relay station. 

Fig. 11 shows the same type of system, except that a fixed 
service frequency is used by the office transmitter. 

The system diagrammed in Fig. 12 is basically the same 
as that in Fig. 10, except that here a point-to-point radio link 
replaces the telephone link for interconnection of the two 
mobile relay stations. 

Fig. 13 depicts the same basic system with another fixed 
service frequency used by the office to transmit to the relay 
stations. Thus, two fixed and two mobile frequencies are 
required in this system. 

Fig. 14 shows two base stations interconnected with a fixed 
radio link to provide communications between the office and 
all mobile units. Relay locations are within radio range of 
each other but one is beyond direct radio range of the office. 
The office can communicate with mobile unit No. 1 through 
a radio link using two fixed service frequencies to base station 
No. 1, and thence to mobile unit No. 1 on a mobile service 
frequency. The office can communicate with mobile unit No. 
2 through the additional fixed relay stations Nos. 2 and 3 and 
base station No. 2. Four fixed service frequencies and one 
mobile service frequency, F5, are utilized in this system. 

Two mobile relay stations are shown in Fig. 15 intercon- 
nected with a fixed radio link to provide communications be- 
tween office and all mobile units, and mobile -to-mobile com- 
munications between all mobile units. The office transmits 
on the mobile frequency. The office can communicate with 
mobile unit No. 1 through mobile relay station No. 1, and 
with mobile unit No. 2 through mobile relay station No. 1, 

thence to fixed relay station No. 1 and fixed relay station No. 
2, and thence through mobile relay station No. 2. Mobile 
unit No. 1 can communicate with mobile unit No. 2 through 
mobile relay stations Nos. 1 and 2 linked by fixed relay sta- 
tions Nos. 1 and 2. Relay locations are within radio range of 
each other but one is beyond radio range of the office. Two 
mobile service frequencies, F1 and F2, and two fixed service 
frequencies are used. 

Fig. 16 shows basically the same system as that in Fig. 15 

except that another fixed service frequency is used for trans- 
mission from the office. This practice, as before, assures posi- 
tive control of the mobile relay station. 

In Fig. 17 is diagrammed a combination operational fixed 
control and mobile relay station, with a second mobile relay 
station to provide extended mobile -to-mobile communications 
over a greater area. Mobile units can transmit on two fre- 
quencies. The office can communicate with mobile units by 
one or more methods. For example, it can communicate with 
mobile unit No. 1 through mobile relay station No. 1 operat- 
ing as a two -frequency base station, and with mobile unit 
No. 2 on a simplex basis by use of a second receiver. The of- 
fice can communicate with mobile units Nos. 3 and 4 through 
its operational fixed control station and mobile relay station 
No. 2. Mobile units Nos. 3 and 4 can communicate with each 
other through mobile relay station No. 2 or when within 
direct radio range they can communicate on a simplex basis, 
leaving the mobile relay stations available to handle extended - 
range mobile -to-mobile communications. Mobile relay sta- 
tion No. 1 functions as such only when unattended or when 
extended -range mobile -to-mobile communications are desired 
by mobile units within range of this station. Two mobile 
service frequencies are used. The office can monitor the sim- 
plex transmissions when they are within range. 

In Fig. 18, the base station at the office is used intermit- 
tently as an operational fixed control station and as a mobile 
relay station. Mobile units can receive on two frequencies. 
The office can communicate with mobile units through the 
mobile relay or directly when they are within range. Mobile 
units Nos. 2 and 3 can communicate directly on a simplex 
basis, leaving the mobile relay station available to handle ex- 
tended -range simplex transmissions when they are within 
range. 



Minimum -Cost Equipment Assemblies 
HOW TO CHOOSE THE MOST ECONOMICAL COMBINATION OF BASE ANTENNA, 

TOWER, TRANSMITTER, AND LINE FOR REQUIRED RANGE By L. R. KRAHE' 

Amajor consideration in the design of a mobile communica- 
tion system is the proper choice of various equipment 

items to achieve the desired results at the least cost. For any 
given system, the best answer can be obtained only by a de- 

tailed analysis of all the possible combinations of equipment 
available which will meet that system's requirements. This 
is ordinarily tedious at best. 

This is a report on a study which was made in an attempt 
to arrive at some basic, general conclusions which would ap- 

ply to all, or most all, fixed stations in the 150- and 450 -mc. 

bands. 

Basic Considerations: The common objective of all stations 
is a satisfactory output signal. The four major items neces- 

sary to put that signal out are a transmitter, a length of 

transmission line, an antenna, and a tower or other supporting 
structure. Each is available in several "sizes," with the more 

expensive items (higher -power transmitters, lower -loss lines, 

higher -gain antennas, and taller towers) contributing toward 

a better signal output. 
The problem in the individual case then becomes: Which 

combination of transmitter, line, antenna, and tower that 
produces enough signal is the least expensive?; the general 

problem becomes: How do the four compare on a signal - 

versus -dollar basis? 
A straightforward method of analyzing the problem would 

be to take some typical examples of each item on the market 
and put them together in all the possible combinations. The 

'Chief, Advance Development Group, Antenna Research and Development 
Center, Andrew Corporation, Orland Park, Ill. 
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results should give the desired comparison. This was the 

method used. 
For transmitters, 30 -watt and 250 -watt units were used in 

the 150 -mc. study, and 40 -watt and 250 -watt units in the 

450 -mc. study. For tower heights 100 -ft., 200 -ft., and 400 -ft. 

examples were used in the study for each band. A unipole 

antenna, a medium -gain (3 db) antenna, and a high -gain 

(6 -db) antenna were used for the 150 -mc. studies. The 

450 -mc. antennas were the same except that gain figures for 

the second and third were 4 and 7 db, respectively. 
In each band three sizes of coaxial transmission line were 

considered: RG -17/U, 7/8 -in. air -dielectric, and 15/$ -in. low -loss 

air -dielectric. 
Although 400 -ft. towers and 1 5/8 -in. coaxial cable are 

seldom used in communication work, it was felt necessary to 

include them in this study so that all variables were considered 

over a large range. Thus, the effects on the output signal 

of low and high -power transmitters; low, medium, and high 

towers; zero -gain, medium -gain, and high -gain antennas; and 

high, medium, and low -loss transmission lines are studied. 

With the variables stated, next must be considered exact 

conditions under which the signal -vs. -dollar comparisons 
should be made. 

For the dollar figures, it would seem logical to compare 
total cost over several years, in order to take operating costs 

into account. Five years was chosen as a reasonable length 

of time for operation comparisons and for the complete amor- 

tization of all capital investments. 
The total cost of each case then consists of the sum of 

the prices of one transmitter, one tower (complete with lights 

as necessary) , one length of transmission line (with adaptors 
and hangers) , one antenna, all freight, erection, and installa- 

tion costs, and tube replacement, electricity, and tower main- 
tenance costs for five years. 

Not included, as not bearing on this study, are costs of 

the mobile equipment, any audio or remote equipment, 
operators' wages, building costs, and the like. 

Although the signals produced could be compared on 

several bases, perhaps the most realistic would be an area - 
served basis, or miles out to the level of satisfactory operation. 
Standard propagation curves, assuming average ground con- 

ductivity and flat terrain, were used to calculate distances to 
the five -microvolt level at 150 mc. and the two -microvolt 
level at 450 mc. Both figures represent receiver terminal 
voltages assuming a whip antenna on the mobile unit. The 
five and two -microvolt figures are rounded off from the power 
level curve necessary for satisfactory operation published by 
Young.' 

Although discussion thus far has been concerned with talk - 
out range only, experience has shown that talk -back range 
is often the limiting factor in the operation of a mobile com- 
munications system. Since a higher tower, lower -loss line, or 

a higher -gain antenna increases talk -back range as well as 

talk -out range, but boosts in fixed -station transmitter power 
do not increase talk -back range at all, it would seem logical 
to separate the cases as to transmitter power, and to make 
inter -comparisons only with certain reservations. 

On this basis, the results of the study are listed in Tables I 
through IV, and plotted in Figs. 1 through 4. 

Bell System Technical Journal, November, 1952, p. 1071. 

COMMUNICATION ENGINEERING January -February, 1954 



TABLE I 

150 -MC. CASE SUMMARIES - 30 -WATT TRANSMITTER 

Case Cmbntn. Cost db Miles Case Cmbntn. Cost db Miles 
1 100-0-A $5,100 0.0 11.0 15 200-3-C $10,900 9.7 17.2 
2 100-0-B 5,200 0.6 11.3 16 200-6-A 10,400 10.7 18.0 
3 100-0C 5,900 1.0 11.5 17 200-6-B 10,500 12.1 19.2 
4 100-3-A 5,400 3.0 12.7 18 200-6-C 11,700 12.7 19.7 
5 100.3-B 5,500 3.6 13.0 19 400-0-A 21,400 8.5 16.3 
6 100-3-C 6,200 4.0 13.3 20 400-0-B 21,500 10.7 18.0 
7 100-6-A 6,200 6.0 14.5 21 400-0-C 24,200 12.2 19.3 
8 100-6-B 6,300 6.6 15.0 22 400-3-A 21,700 11.5 18.7 
9 100-6-C 7,000 7.0 15.2 23 400-3-B 21,800 13.7 20.5 

10 200-0-A 9,300 4.7 13.7 24 400-3-C 24,500 15.2 21.8 
11 200-0-B 9,500 6.1 14.6 25 400-6-A 22,800 14.5 21.2 
12 200-0-C 10,500 6.7 15.1 26 400-6-B 23,000 16.7 23.2 
13 200-3-A 9,700 7.7 15.7 27 400-6-C 25,600 18.2 24.5 
14 200-3-B 9,900 9.1 16.7 

TABLE II 
150 -MC. CASE SUMMARIES - 250 -WATT TRANSMITTER 

Case Cmbntn. Cost db Miles Case Cmbntn. Cost db Miles 
28 100-0-A $7,500 9.2 16.8 42 200-3-C $13,300 18.9 25.3 
29 100-0-B 7,600 9.8 17.3 43 200-6-A 12,800 19.9 26.3 
30 100-0-C 8,300 10.2 17.6 44 200-6-B 12,900 21.3 27.5 
31 100-3-A 7,800 12.2 19.3 45 200-6-C 14,100 21.7 27.8 
32 100-3-B 7,900 12.8 19.8 46 400-0-A 23,800 17.7 24.2 
33 100-3-C 8,600 13.2 20.1 47 400-0-B 23,900 19.9 26.3 
34 100-6-A 8,600 15.2 21.8 48 400-0-C 26,600 21.3 27.5 
35 100-6-B 8,700 15.8 22.4 49 400-3-A 24,100 20.7 27.0 
36 100-6-C 9,400 16.2 22.7 50 400-3-B 24,200 22.9 29.0 
37 200-0-A 11,700 13.9 20.7 51 400-3-C 26,900 24.4 30.3 
38 200-0-B 11,900 15.3 2L9 52 400-6-A 25,200 23.7 29.8 
39 200-0-C 12,900 15.9 22.5 53 400-6-B 25,400 25.9 31.7 
40 200-3-A 12,100 16.9 23.4 54 400-6-C 28,000 27.4 33.0 
41 200-3-B 12,300 18.3 24.6 

TABLE Ill 
450 -MC. CASE SUMMARIES - 40 -WATT TRANSMITTER 

Case Cmbntn. Cost db Miles Case Cmbntn. Cost db Miles 
61 100-0-A $5,000 0.0 13.8 75 200-4-C $10,600 11.7 21.7 
62 100-0-B 5,100 1.6 14.7 76 200-7-A 9,700 10.3 20.6 
63 100-0-C 5,800 2.3 15.2 77 200-7-8 9,900 13.4 23.2 
64 100-4-A 5,100 4.0 16.2 78 200-7-C 11,000 14.7 24.2 
65 100-4-B 5,300 5.6 17.2 79 400-0-A 21,400 4.6 16.6 
66 100-4-C 5,900 6.3 17.7 80 400-0-B 21,700 10.4 20.7 
67 100-7-A 5,500 7.0 18.2 81 400-0-C 24,100 12.8 22.7 
68 100-7-B 5,600 8.6 19.3 82 400-4-A 21,500 8.6 19.3 
69 100-7-C 6,300 9.3 19.9 83 400-4-B 21,800 14.4 23.9 
70 200-0-A 9,200 3.3 15.7 84 400-4-C 24,300 16.8 25.8 
71 200-0-B 9,400 6.4 17.8 85 400-7-A 21,900 11.6 21.6 
72 200-0-C 10,500 7.7 18.7 86 400-7-B 22,300 17.4 26.3 
73 200-4-A 9,400 7.3 18.4 87 400-7-C 24,700 19.8 28.3 
74 200-4-B 9,500 10.4 20.7 

TABLE IV 
450 -MC. CASE SUMMARIES - 250 -WATT TRANSMITTER 

Case Cmbntn. Cost db Miles Case Cmbntn. Cost db Miles 
88 100-0-A $8,200 8.0 18.9 102 200-4-C $13,800 19.7 28.2 
89 100-0-B 8,400 9.6 20.1 103 200-7-A 12,900 18.3 27.1 
90 100-0-C 9,100 10.3 20.6 104 200-7-B 13,200 21.4 29.5 
91 100-4-A 8,300 12.0 22.0 105 200-7-C 14,200 22.7 30.5 
92 100-4-B 8,500 13.6 23.3 106 400-0-A 24,600 12.6 22.4 
93 100-4-C 9,200 14.3 23.8 107 400-0-B 24,900 18.4 27.2 
94 100-7-A 8,700 15.0 24.4 108 400-0-C 27,300 20.8 29.1 
95 100-7-B 8,900 16.6 25.6 109 400-4-A 24,700 16.6 25.6 
96 100-7-C 9,500 17.3 26.3 110 400-4-8 25,000 22.4 30.3 
97 200-0-A 12,400 11.3 21.4 111 400-4-C 27,500 24.8 32.2 
98 200-0-B 12,600 14.4 24.0 112 400-7-A 25,200 19.6 28.0 
99 200-0-C 13,700 15.7 25.0 113 400-7-B 25,500 25.4 32.6 

100 200-4-A 12,600 15.3 24.7 114 400-7-C 27,800 27.8 34.4 
101 200-4-B 12,800 18.4 27.2 

The case summaries list, in order, a case number for easy 
reference, a three-part code to indicate which elements were 
used, the total cost rounded off to the nearest one hundred 
dollars, a relative signal level in db, and the operating radius 
in miles to the previously specified levels (five microvolts at 
150 mc. and two microvolts at 450 mc. at the receiver termi- 
nals) . The code is rather simple; the first number is the 
tower height in feet, the second is the antenna gain in decibels, 
and the third is the line type (A means RG -17/U; B means 
7/8 -in. air -dielectric, C means 1 5/8 -in. air -dielectric) . 

The db level was calculated to permit comparisons on 
other bases if desired. For each frequency the zero level is 
that signal resulting from the combination of the lower -power 
transmitter, the shortest tower, the no -gain antenna, and the 
most lossy transmission line. Higher -tower contributions to 
the db gain were computed by the rule of thumb that doubling 
the height provides 3 db more signal, taking into account that 
the transmission line length has increased. The effects of the 
antennas and lower -loss lines are obvious, except that in each 
case a short horizontal run of line at the bottom is included. 

Since the analysis of a number of plotted points is made 
much easier by drawing one or more curves, or families of 

formerly FM -TV RADIO COMMUNICATION 

curves, this was done here. Of the three variables in each 

plot, the tower height is the only factor in any given instal- 
lation which can be set at any value between the arbitrary 
points used here. Accordingly, it makes sense to plot the 
points as nine curves of varying tower height (one for each 

combination of line and antenna) . Even though tower height 
does not appear on any scale, it can he approximated from 
the 100, 200, and 400 -ft. point locations on the particular 
curve of interest. The lowest curve represents the most 
economical combination, of course. 

Interpretation: Before analyzing the curves, mention must 
be made of the reverse curves shown for RG -17/U at 450 me., 
Figs. 3 and 4, which are not necessarily indicated by the 
plotted points. Obviously, since the gain due to increasing an- 
tenna height is very closely approximated2 by the logarithmic 
formula 

GA = 20 log h2/hl, (1) 

and the extra line loss is a linear function 
L = a (h2 - h1) , (2) 

there exists a point at which the extra line loss becomes more 
than the extra gain due to height. Beyond that point, a 
higher antenna actually puts out a lower relative signal. 

Using (1) and (2) , the following formula is easily 
developed: 

II= 868/a 
where H is the height in feet at which maximum output signal 
occurs (for any transmitter or antenna) and a is the attenua- 
tion in db per 100 feet of the transmission line in question 
at the frequency involved. For RG -17/U at 450 mc., the limit- 
ing height is approximately 380 feet. For higher -loss lines the 
height is correspondingly less, and vice versa. In this analysis 
the distances of all the RG -17/U points at 450 mc. for a 
380 -ft. tower were calculated and used to determine the shape 

Continued on page 36 

'Until free -space conditions are realized, when gain does not increase 
with height. 
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Should Radio Equipment Be Leased? 
DETAILED DISCUSSION OF THE POSSIBLE CONSEQUENCES IF THE LEASED 
RADIO EQUIPMENT PROGRAM IS SUCCESSFUL - By WALTER B. WILLIAMS" 

APCO was the first national organization to condemn the 
action of what it calls "outside commercial interests" in 
offering and attempting to purchase communication equipment 
of privately -owned systems and subsequently leasing the 
equipment to the original owners on a fee basis. Because the 
question of privately -owned vs. leased equipment is of vital 
concern to all in the communication field, we asked APCO for 
a full discussion of the issues involved. President Walter B. 
Williams replied to the effect that such a discussion was to be 
published in the APCO Bulletin, and that he considered this 
article ideal for our purposes. After seeing it we agreed, and 
we think readers will also. 

THE most important single act of the 1953 APCO Con- 
ference in Detroit was the formal adoption of Resolution 

No. 1. Aimed at the demonstrated intent of "outside com- 
mercial interests" to operate in the public safety field of radio 
communications, the language and intent of this Resolution 
are clear, and it represents at the national level the culmina- 
tion of an agitation which has been rampant in APCO circles 
for at least six years. 

During this period considerable name-calling has ensued. 
the personal qualities of fine gentlemen have been assailed 
and, in general, the communications art has suffered from a 
lack of understanding of the issues involved. A glance at the 
various Chapter reports over the period indicated will verify 
these remarks, and further, point inevitably to the need for 
an open discussion on the subject of private ownership of 
radio communications systems of the several law enforcement 
agencies throughout the land. 

The purpose of the article, then, is to focus these issues 
into an expression which will clear the air, so to speak, and 
permit all law enforcement administrators, as well as com- 
munications men, to know the status quo. Many, for example, 
are asking, "What's it all about?" "Who are these outside 
commercial interests, and how do they affect me?" This is 

an attempt to answer such questions. 

The Resolution: In the drafting of Resolution No. 1, the 
Resolutions Committee is to be congratulated on the excel- 
lent thinking which marked the composition of the resolution. 
Principally aimed at the American Telephone and Telegraph 
Company, and its many state and regional affiliates, the 
Committee found the opportunity to wave an admonishing 
finger at any and all "outside commercial interests" who 
might be looking with a covetous eye at the tremendous in- 
come in the law enforcement communications field. 

In other words, the APCO Conference was asked if 

it would condone the release of the primary, last-ditch com- 
munications facilities of law enforcement to a second party, 
or parties, whose interest is primarily pecuniary, and whose 
devotion, in matters of maintenance, would be divided because 
of previous commitments to other not -so-essential services. 
The Resolutions Committee has done its job well. 

The 1953 Conference, formally convened with the largest 
and most representative attendance on record, answered this 
question with a thundering majority vote approving the 
adoption of Resolution No. 1. Now let's look at these "out- 
side commercial interests." 

'President, APCO Inc., 18108 Strasburg, Detroit 5, Mich. This article ap- 
peared also in the APCO Bulletin for November, 1953. 
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AT&T and its Affiliates: As early as 1947 Bell Telephone 
Company representatives announced the company's policy 
with regard to police radio communications. This statement 
was made clearly, and it left no doubt that it was their inten- 
tion to sell their radio services to police as well as to taxicab 
services, utilities, and many others. 

This announcement provoked no outburst of wrath on 
the part of the APCO membership nor, for that matter, did 
it appear to have evoked considerable thought. There were 
a few, however who heard well, and pigeon -holed the news in 

the general category of things certain to come. 
At first it was considered that this was a local policy. As 

time progressed, however, persistent rumor plus an occasional 
fact suggested the existence of an active AT&T policy with 
regard to the public safety radio services. Apparently, this 
new policy was an extension of the then new urban -highway 
radiotelephone service for the general public, and it evinced 
a definite interest in the whole field of mobile radio com- 
munications. 

In the meantime the subject was claiming the closest 
attention of the APCO Chapters. Two, Ohio and Florida. 
passed resolutions condemning the operations of Bell, which 
is synonomous with AT&T. The others, perhaps more moder- 
ate, took no formal action - confining themselves to discuss- 
ing the issue from the information at hand. This information, 
it must be realized, was of purely local nature. 

The proverbial lid blew off in 1953, when it was revealed 
that the Pacific Telephone and Telegraph Company (AT&T) 
had entered a bid to buy outright the radio communications 
facilities of the California Highway Patrol, and to lease these 
back, on a unit fee basis to their former owner.' 

To all outside the AT&T, this occurrence confirmed almost 
beyond a doubt the existence of an aggressive, nationwide 
policy with regard to police, as well as to all other mobile 
radio communications services. The remaining small shadow 
of doubt was disseminated by Dr. Austin Bailey, the AT&T 
representative on the Future panel at the 1953 APCO Con- 
ference.2 Definitely, AT&T and its affiliates are in the radio 
communications business. This includes the public safety 
services, and "any others who want our services."2 

In rebuttal to some critics it must be said that AT&T has 
violated no concept of business ethics in pursuing its plan. 
Nor, as far as the writer is aware, has it violated any law of 
the land in attempting to take over public safety communica- 
tions. Clearly, they are within their rights whether they 
are "requested" to bid or the opportunity to bid is created 
by discerning sales engineers. 

Why, then, the uproar? The answer is simple: APCO 
opposes the attempt by any and all private operators to 
invade the police radio field of communications. 

It is important to realize that this decision on the part of 
AT&T embraces the whole gamut of publicly -owned com- 
munications - radio communications in all its aspects - over- 
head lines, underground cables, switchboards, police patrol 
boxes, fire alarm boxes, and so on. Further, the policy re- 
quires that all maintenance work be done by employees in the 
AT&T structure. 

The writer is pleased to note that APCO is not alone in 

this opposition, and that the results of the decision formed the 

'See Letter Box, June 1953 APCO Bulletin. 
'See October 1953 APCO Bulletin. Proceedings, page 86. 
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principal topic of another major public-service employee con- 
vention in 1953.3 

Now, for the moment, let's divert the searchlight from 
AT&T and talk about the other "outside commercial in- 
terests." 

The echoes of the thundering affirmative vote adopting 
Resolution No. l were still reverberating around the Confer- 
ence meeting room when questions arose concerning the iden- 
tity of the "interests" noted in the resolution. While there 
was no floor discussion on this point, post -meeting small talk 
revealed a feeling that timidity had precluded the outright 
mention of AT&T in the resolution. This was not true, of 
course. 

On the other hand the Resolutions Committee and its ad- 
visors, with a sure finger on the pulse of public safety commu- 
nications, found the opportunity to warn any possible combine 
aiming to take over these communications in a commercial 
operation. Thus, feeling that they did not know the names of 
all other such groups, or companies, the Committee took the 
expedient of not naming any outright. 

Since that time, though, events have occurred which in- 
dicate that AT&T will not be without competition in its proj- 
ected encroachment in the public service communication field - especially radio communications. Let's continue with the 
"interests." 

Motorola, Inc.: In a paid advertisement in the APCO Bulle- 
tin, addressed to the APCO membership, Daniel E. Noble. 
Vice President of the Communications and Electronics Divi- 
sion of Motorola, Inc. publicly announced his company's policy 
with regard to "Lease and Maintenance Contracts."4 

Several readings of this advertisement have convinced the 
writer that the position of Motorola in this matter is a defen- 
sive one, but one which will be pursued by their saes engineers 
and official Motorola Service Stations throughout the country. 
In essence, this official pronouncement by Mr. Noble puts 
Motorola into competition with AT&T, because Motorola is 

now offering to the public safety and all other mobile radio 
fields the same "service" which is being offered by AT&T 
through its affiliates. 

At this time the writer is not fully acquainted with the na- 
ture and terms of the Motorola C. & E. Division contractual 
agreements. It is obvious, however, that they will depend to 
some considerable extent upon independent engineers and 
technicians to carry out their maintenance obligations. 

On this last point, in due fairness to the other "outside 
interests," it must be said that the implications involved in the 
Motorola service contracts have been subjected to criticism 
by reliable APCO people. As before, this writer has no infor- 
mation on the point other than that just, noted. But it is evi- 
dent that Motorola, by its public pronouncement, is included 
within the intent of Resolution No. 1. 

There are, of course, others which are subjects of the reso- 
lution. But - lacking positive information in the form of 
announced policy, these cannot now be identified by name. 
Some are local, some are area -wide, others are national in 
scope. These people will maintain, will lease and maintain, or 
will sell outright and maintain, radio communications systems 
for the public safety services. Some are manufacturers of base 
and mobile radio communications equipment. They probably 
would much rather sell their equipment outright, and have 
their customers do their own maintenance, but they fall within 
the intent of Resolution No. I. 

At this point it is pertinent to comment on the overall atti- 
tude of these manufacturers toward the instigator of the lease - 
and -maintain policy - namely, AT&T. They are antagonistic 
and they are going to see to it that competition is offered. 

°IIMSA Convention, October 1953. 
'See September 1953 APCO Bulletin, page 2. 
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This antagonism is based on two facts. First, there is no 
need for AT&T activity in the police field, such as there is in 

the urban -highway public radiotelephone service. Second, as- 
suming any considerable success on the part of AT&T in pur- 
suing its decision, these manufacturers must expect to have 
eventually their shares of the manufacture of radio equipment 
for this service sharply reduced. 

For the reader not completely informed on this matter. 
AT&T is not making most of the radio equipment it uses. It 
is bought from independent manufacturers, leased to a third 
party, and maintained by them for the third party on a unit - 
fee basis which is included in the lease -maintenance contract. 

It is unreasonable, therefore, to assume that AT&T would 
like to continue to pay to a manufacturer, or manufacturers. 
outside the structure a profit which should remain with AT&T. 

APCO 1953 CONFERENCE 
RESOLUTION NO. 1 

WHEREAS, it has come to the attention of the Associated Police 
Communication Officers (APCO) that certain Law Enforcement 
Agencies holding Federal radio licenses to operate Police Radio 
Systems have been approached by outside Commercial interests 
relative to the purchase of said licensees' radio communication 
equipment, and 

WHEREAS, the intent of such purchase is specifically for the 
purpose of leasing such equipment back to the licensee on a unit 
fee monthly basis, and 

WHEREAS, it is felt that such an arrangement will eventually 
result in the loss of the choice in the future to own, control, and 
operate police radio communication equipment on frequencies now 
specifically and exclusively allocated to the Public Safety Radio 
Services by the Federal Communications Commission, and 

WHEREAS, this proposed turning over of police radio systems to 
outside commercial interests would place their design, maintenance 
and future engineering advancement into the hands o.f persons not 
directly responsible to or subject to the direct discipline of the 
head of the Law Enforcement Agency concerned, but instead would 
promote an impossible situation subject to work stoppages detri- 
mental to the public interest and would involve people whose 
loyalty and devotion to duty is not primarily to the Public Safety 
Departments concerned, 

BE IT THEREFORE RESOLVED, that the Associated Police Com- 
munication Officers now in session in Detroit, Michigan, strongly 
urge that the International Association of Chiefs of Police take 
cognizance of this nationwide and concerted commercial effort by 
these outside interests trying to insect themselves into this vital and 
sensitive internal function of our Law Enforcement Agencies and 
that its members resist this effort to the utmost of their ability and 
in the best interest of police administration. 

It is reasonable, then, to expect that AT&T will manufacture 
eventually its own radio communications equipment. 

Thus, assuming considerable success for the AT&T policy, 
the independent manufacturers must because of sheer inade- 
quacy be witness to their own economic strangulation. 

We believe that many AT&T employees are critical of the 
policy. They feel that it has opened a new road to bad public 
relations -a route whereon former public service friends meet 
AT&T people with a feeling of apprehension and distrust. 

They feel further that the enormous expansion of AT&T's 
normal facilities, such as the urban -highway radiotelephone 
system, the coaxial cables for TV, and the long-distance dial- 
ing service has provided enough work and possible income for 
the foreseeable future. From this it would seem that the deci- 
sion is unpopular within as well as without. 

APCO and its Aims: APCO is an abbreviation standing for 
Associated Police Communication Officers, Inc. It was founded 
in 1935, and derives its active, voting membership from the 
personnel of federal, state, county, and municipal radio sys- 
tems. The membership clause of its Constitution permits ac- 
tive membership to anyone connected with any agency con- 
cerned with law enforcement. 

Thus, APCO members are found in the conservation, fire, 
and forestry services, as well as in police departments of all 
types. While the principal loyalty of APCO is devoted to the 
police services it does, because of its overall membership, main- 
tain something more than a passive interest in those govern - 

Continued on page l98 
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Hybrid Theory and Applications 
OPERATING PRINCIPLES OF THE VARIOUS TYPES OF HYBRID JUNCTIONS, 
AND THEIR CHARACTERISTICS WHEN USED IN SPECIFIC APPLICATIONS'- 

IN the early days of the telephone industry, the only source 
of power for the telephone was a battery. Transmission 

distance was limited because there was no way of rejuven- 
ating the signals after they had become weak. With the 
advent of the vacuum tube it became possible to amplify 
the weak signals, and thereby extend the distance a conversa- 
tion could be transmitted to several thousand miles. Because 
the vacuum tube was a one-way device and would work in 

only one direction of transmission, two amplifiers had to be em- 
ployed. However, two amplifiers connected side -by -side to 
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amplify in opposite directions on a two -wire line formed a 
loop that would oscillate or sing. 

Some means was required to prevent the signals at one 
amplifier output from entering the input of the other amplifier, 
or the circuits for each direction had to be completely sepa- 
rated. The three -winding transformer was the first solution 
to this problem. When properly used, it prevented the output 
of one amplifier from entering the input of the other, and at 
the same time permitted easy passage of signals in either 
direction along the two -wire line. The three -winding trans- 
former, when used for this purpose, came to be called a 

hybrid. Since that time, many devices and circuits have been 
developed that do essentially the same thing. 

Although the name hybrid originally designated a specific 
type of three -winding transformer, it now often applies to 
any circuit or connecting device that combines the functions 
of providing low -attenuation paths between certain circuits, 
and isolation between other circuits. A hybrid junction be- 
tween circuits may have one or more of a variety of names. 

Any hybrid can be represented as a box having four or 

more sets of terminals. A signal entering the hybrid through 
any terminal pair will be divided within the hybrid and emerge 
from the two adjacent terminal pairs. Under ideal conditions 
a signal will be completely blocked from traveling directly 
across the hybrid to an opposite pair of terminals. Hybrid 
junctions, when properly designed, provide proper impedance 
matches between all connected circuits. Signal flow in a 

hybrid and typical terminal connections are shown in Fig. 1. 

Many different circuit arrangements can perform the func- 
tions of a hybrid junction. Transformers, resistance networks, 
and impedance networks are the most common. 

Transformer Hybrids: One of the oldest and most common- 
ly -used connecting devices is the transformer hybrid. Several 
typical configurations are shown in Fig. 2. This may be 
a specially -built transformer or an arrangement of ordinary 
transformers interconnected to perform the hybrid function. 

*This article appeared originally in The Lenkurt Demodulator for Sep- 
tember, 1953. 
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Transformer hybrids are widely used in the telephone in- 

dustry for both voice -frequency and carrier -frequency applica- 
tions. A common use is in the junction of four -wire circuits 
with two -wire circuits. One such junction is in the subscriber 
set, where the four -wire transmitter and receiver circuits are 
joined by a hybrid. The hybrid permits easy passage of 
signals from the four -wire circuit to the two -wire circuit (and 
vice versa) but tends to prevent the passage of signals between 
wire pairs of the four -wire circuit. 

Construction of transformer hybrids to operate at fre- 
quencies above about 300 kc. is quite difficult. Inability to 
control couplings, iron loss, and interwinding capacitance are 
the frequency limiting factors. 

Resistive Circuits: Resistance hybrids will, in many cases, 
do the same work as transformer hybrids with better operating 
characteristics. Because they can be made of noninductive 
elements, their operation is relatively independent of fre- 
quency. With careful construction and proper shielding, re- 
sistance hybrids operate satisfactorily at frequencies consider- 
ably above the upper limit of transformer hybrids. However, 
they have greater attenuation along the desired paths than do 
transformer hybrids. Two typical resistance hybrids appear 
in Fig. 3. 

At frequencies near or in the microwave region, resistance 
hybrids are not practical because of the inductance and capa- 
citance of resistors at these frequencies. There are, however, 
many devices suitable for use in the microwave region which 
are constructed of two -wire transmission lines, coaxial cables, 
or waveguides. They perform the same functions at micro- 
wave frequencies that conventional hybrids do in voice and 
carrier -frequency telephone systems. 

Operating Considerations: Under ideal conditions, the hy- 
brid is the perfect solution to many telephone and carrier 
problems involving the junction of circuits. Practically, the 
conditions under which a hybrid must operate are far from 

FIG. 2. SOME OF THE MANY VARIATIONS IN TRANSFORMER -TYPE HYBRIDS 
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ideal. Among the problems that must be considered are 
hybrid loss, hybrid balance, cost, and space requirements. 

The attenuation of a signal traveling from a transmitter 
through a transformer hybrid to the transmission line is 

about 3.5 db. Most of the loss occurs because the signal is 

divided into two parts as it enters the hybrid from the trans- 
mitter. Half the incoming signal is directed into the line 

and half is dissipated by the balancing network. Since reduc- 
tion of signal by one-half corresponds to a 3 -db difference in 

power, 3 db of the 3.5 db loss is accounted for. The other .5 db 
is dissipated in the core and windings of the hybrid. 

Losses in resistance hybrids depend on the configuration. If 
all arms of a resistance hybrid are equal, the attenuation along 
desired signal paths will be 6 db. It is not necessary, how- 
ever, for the hybrid resistances to be equal. If the line trans- 
mitter, receiver, and balancing network impedances are equal 
the two hybrid resistances may have different values depending 
upon the attenuation characteristics desired. The product of 

these two resistances must be equal to the square of the nom- 
inal resistance of the hybrid. As long as this condition is met 
the hybrid will be balanced, the impedance will remain con- 
stant, and the loss in any one direction can be made as small 
as desired. The loss in the other direction is then large. This 
is frequently an advantage in carrier applications because the 
incoming signal from the toll switchboard must often be at- 
tenuated to reach the carrier transmitter input at the proper 
level. To obtain this attenuation, a pad can be used in the 
input circuit of the carrier transmitter. By using the correct 
values of hybrid resistances, however, all the necessary atten- 
uation can be provided within the hybrid itself. At the same 
time, received signals passing from the carrier terminal to the 
toll switchboard are attenuated less, thereby reducing the gain 
requirements of the carrier terminal receiver. The loss in any 
direction of transmission can be found from the graph, Fig. 4 

if the hybrid resistances are known. 

Hybrid Balance: Perhaps the most difficult problem to solve 
in the application of hybrids is that of balance, or impedance 
match at opposite pairs of terminals. A hybrid junction used 
between a two -wire circuit and a four -wire circuit requires a 
balancing network of impedances having the same character- 
istics as the two -wire line. To the extent that the line and 
balancing network impedances do not match, input signals 
from one side of the four -wire line pass directly across the 
hybrid to the other side and may cause singing or other un- 
desired effects. 

The impedance of a transmission line is subject in part to 
operating conditions and temperature, which may vary con- 
siderably over a period of time. It is, therefore, often impos- 
sible to determine accurately the impedance of the two -wire 
line from the hybrid. The best that can be done is to make 
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the impedance of the balancing network an average between 
the extremes of impedance variation of the line. The problem 
is further complicated by the fact that the line impedance 
varies with frequency. To compensate for this effect, the bal- 
ancing network must also be an impedance that varies with 
frequency in the same manner as the line impedance. 

The terminating impedance of the two -wire line is espe- 
cially important in the operation of the hybrid. If the two - 
wire line is not terminated in its characteristic or nominal im- 
pedance, energy traveling from the hybrid to the far end will 

be partially reflected from the far end back toward the hybrid. 
Reflected energy passes through the hybrid in the same manner 
as a normal incoming signal, and contributes to singing and 
echos. The amount of reflected energy received at the hybrid 
depends on the degree of mismatch at the far end and the at- 
tenuation of the line. To compensate for an unavoidable mis- 
match of impedances, the balancing network can be constructed 
to appear to the hybrid as a line having the same mismatch as 
the two -wire line. If the balancing network is so constructed, 
the reflection from the balancing network just cancels the re- 
flection from the far end of the line and a better hybrid balance 
is obtained. 

The problem of hybrid balance for a two -wire termination 
of a carrier terminal, though usually simple, may at times he 
very difficult. The drop from the carrier terminal to the toll 
switchboard is usually short, and is not in itself subect to im- 
pedance variations caused by the weather. The impedances 
of the loops or trunk extensions beyond the switchboard, how- 
ever, vary frequently over a wide range of values. Under some 
conditions the switchboard and extension may even be open - 
circuited. Because of the extremely variable nature of the im- 
pedance of the voice frequency terminations, carrier systems 
are usually designed and operated such that voice -frequency re - 
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ceived signals are about 3 db lower than voice -frequency trans- 
mitted signals. The effect of this method of operation is that 
even under the worst conditions of hybrid balance (short-cir- 
cuited or open -circuited drop) the sum of the losses in the 
singing path is considerably greater than the sum of the gains. 
Singing under any condition is, therefore, unlikely. When the 
system is operated in this manner, stable operation can usually 
be obtained with a fixed compromise balancing network nor- 
mally furnished with the hybrid. 

When the facility to the toll switchboard is unusually long 
or the carrier system terminates in a two -wire extension of 
several miles, it may be necessary to operate the carrier ter- 
minal transmitter and receiver at higher gains. Under such 
conditions the sum of the gains in the singing path may exceed 
the sum of the losses and singing will occur unless a reason- 
able degree of hybrid balance is maintained. The required im- 
provement in hybrid balance can often be obtained by the use 

23 

5000 10 000 



of a complex impedance network that can be adjusted to bal- 
ance accurately the line conditions encountered. 

Cost and Space Factors: If two or more different hybrid 
types can be used to meet the same requirements, the cost and 
space elements become the determining factors in the selection 
of the proper hybrid to use. Resistance hybrids are generally 
less expensive and physically smaller than transformer hybrids, 
and are usually preferred where hybrid loss and longitudinal 
line balance are not important factors. Transformer hybrids 
are preferred for voice frequency repeaters and often for voice - 
frequency four -wire terminating sets because in these cases the 
lower loss of a transformer hybrid is an important factor. 
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FIG. 5. OPERATION OF A SIMPLE TRANSFORMER -TYPE HYBRID JUNCTION 

How a Hybrid Works: All hybrids utilize some type of an- 
nulling circuit. Most commonly -used circuit arrangements are 
modifications of the Wheatstone bridge. 

The operation of a transformer hybrid can be understood 
by considering an elementary 3 -winding transformer as shown 
in Fig. 5. In a 3 -winding transformer used as a hybrid, the sec- 
ondary windings are connected to a network of three impe- 
dances; the primary is connected to a single impedance. If the 
branch having the single impedance is considered to be the 
transmitter, and a signal voltage is connected in series with it, 
equal voltages will be induced in the two secondary coils. Also, 
if the impedance which represents the balancing network and 
the impedance that represents the two -wire line are equal, the 
current in the impedance representing the receiver, caused by 
one coil of the secondary, is exactly equal and opposite to the 
current caused by the other coil in the same impedance. The 
net effect of these equal and opposite currents is zero, and the 
total voltage across the receiver impedance is also zero. There- 
fore, any signal originating in the transmitter is blocked from 
the receiver by the hybrid transformer arrangement. One-half 
of any signal originating in the transmitter branch will be 
transmitted over the line and the other half will be lost in the 
balancing network. 

Next consider the signal entering the hybrid from the two - 
wire line. Once inside the hybrid, the signal has two possible 
paths by which it can return to the other side of the line. One 
path is through the receiver impedance and the other path is 

through the balancing network. However, if the receiver im- 
pedance has the proper value (normally half the line im- 
pedance) , the current will return only through the receiver im- 
pedance. This is because the voltage drops across the receiver 
impedance will be equal and opposite to the voltage induced 
in that part of the transformer secondary that is in series with 
the balancing network. Therefore, the net voltage applied to 
the balancing network is zero. To the two -wire line the trans- 
mitter and receiver impedances appear to be equal in series. 
Hence, the incoming signal power will be dissipated equally in 
the receiver and transmitter impedance. That portion absorbed 
by the transmitter serves no useful purpose and is lost. 

Transformer hybrids, like resistance hybrids, can be con - 
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structed to divide the signal from the sending branch into un- 
equal parts with more of the signal going to the two -wire line 
and less to the balancing network. This is accomplished by 
winding the two secondary coils with an unequal number of 
turns. To maintain balance under this condition, the balanc- 
ing network impedance must be larger than the two -wire trans- 
mission line impedaace. With this type of hybrid construction 
the energy received from the two -wire line will also divide un- 
equally with more energy going to the transmitter branch and 
less going to the receiver. 

The arrangement of coils shown in Fig. 5 is not satisfactory 
for use with a balanced line. A more suitable configuration, 
which operates on the same principle, consists of two second- 
ary coils divided into four equal coils and installed on both 
sides of the line, Fig. QB. This arrangement, with all wind- 
ings on the same core, presents a balanced load to all circuits 
connected to the hybrid. Arrangements such as shown in Figs. 
QC, QD, and QE employ two or more transformers with the 
windings connected to provide hybrid operation for balanced 
lines. 

The transformer hybrid, Fig. 5, can be used alse to join two 
sources of signal to a common line. Interactions between the 
two signal sources can be prevented by this means. It is used 
for this purpose in Lenkurt carrier equipment for combining 
two groups of carrier channels into a single group. If the two 
channel groups are connected to the line and balancing net- 
work terminals of the hybrid, then one-half of the energy con- 
tained in each group will appear across the transmitter ter- 
minal. The other half of the energy is dissipated in a resistor 
representing the receiver. Because the input groups are iso- 
lated from each other by the hybrid, actual loading between 
input groups is greatly reduced and supression requirements of 
the group band-pass filters can be relaxed. 

Resistance hybrids are invariably some form of bridge cir- 
cuit even though they frequently do not appear to be at first 
glance. A simple resistance hybrid, bridged network of resis- 
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tors, or simple lattice network is nothing more than the ordin- 
ary Wheatstone bridge. The different names are derived from 
the appearance of different schematic arrangements. There is 
no basic difference in their operation. Resistance hybrids are 
usually shown schematically in the form of a lattice because it 
i; easier to show the terminal connections. Fig. 6 is a con- 
ventional diagram of a resistance hybrid and the same hybrid 
reduced to the familiar Wheatstone bridge circuit. 

Like any other hybrid, proper results with the resistance 
network are dependent on hybrid balance. The hybrid will be 
balanced if all the legs are terminated with balanced impe- 
dances equal to its nominal or characteristic impedance. Im- 
pedance -matching transformers or networks can be used to 
achieve the matched condition if the receiver outputs or trans- 
mitter inputs have impedances different from the nominal im- 
pedance of the hybrid. When unbalanced circuits (one side 
grounded) are connected, isolation transformers must be used. 
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What's Wrong with Mobile Radio Sales 
TWO-WAY RADIO SALESMEN MUST DO A MORE INTELLIGENT SELLING JOB 
TO MAINTAIN SALES AS MARKET GETS TOUGHER - By JEREMIAH COURTNEY" - 

DON'T let the title mislead you; I love salesmen. But in 
traveling about the country, I hear one common com- 

plaint: mobile radio salesmen of all manufacturers do precious 
little to sell the top management of a company on the values 
of radio. 

In many companies, there is a large gap between the per- 
sons who want to use radio in different company activities 
and those at the top who have to okay the purchase order. 
The common gripe by those on the lower rungs of the company 
totem pole is that the mobile radio salesmen offer little help 
in getting that purchase order through top management. 

Apparently, the mobile radio engineer -salesmen are not 
doing a high-level job of analyzing a particular company's op- 
erations in sufficient detail to convince its top management 
that radio can do a real job for their business. One case will 
he cited. The rest is left to the fertile imagination of those 
who continue to read. 

The case in point is the radio use of the AAA auto clubs. 
They are prolific users of radio for emergency road service 
purposes. Here's how it works. You get a flat tire or you 
can't start your car, so you telephone the AAA club. The 
club radios the vehicle of a garage under contract with it 
to handle such calls; your car is soon rolling on its way. 

Looks like radio was a natural for any auto club, doesn't 
it? Wrong. It wasn't when the clubs started using radio - 
because of the way the clubs were obliged to operate without 
radio. 

How the AAA Works: Now, let's get inside the emergency 
road service business. The AAA member who got the flat tire 
mentioned before may make only a single emergency road serv- 
ice call a year. Some members go years without a single 
call. But when such a member does call, he wants service and 
the AAA's want to give it to him fast. 

When is that member most likely to make his service call 
to the AAA club? Right - in bad weather periods, when 
every garage in town is taxed to capacity. Problem No. 1. 

unique to the emergency road service business is, therefore, 
getting service for members when all the rest of the motorist 
world wants service at the same time, and there is only a 
limited amount of equipment available to do the job. 

Problem No. 2 is getting better service for the AAA mem- 
ber at such times than he could get for himself. This prob- 
lem is not rendered any less formidable by reason of the fact 
that, as a volume purchaser, the AAA may be paying less for 
a service call than a non-member would pay for the same 
service. 

What's the best way to solve those problems? Probably 
the way all the AAA clubs solved them: by getting a large 
number of contract garages each to handle a small number of 
calls. In that way, not too much burden would be placed 

`Communications Counsel, American Automobile Association. 908 20th 
Street, N.W., Washington 6, D. C. Formerly FCC Assistant General 
Counsel. 

w any single garage when the club needed its help. 
The area each garage served under this arrangement was 

quite small because the garage could not be expected, in peak 
busy periods, to send a heavy wrecker ten or fifteen minutes 
away to answer a single call at the same volume rate as 
for a small pick-up truck on a nearby call. Equipment and 
labor were too costly to expect any garage to handle such out- 
lying calls. Therefore, the area a garage could or would serv- 
ice had to be kept small. As the area served was reduced, so 
vas the volume of AAA calls coming to any one service sta- 
tion. As one of the garage's smaller customers, this in turn 
magnified the AAA club problem of controlling the service 
rendered by the contract garages to their members during 
peak periods of greater need. 

More important to this radio discussion, however, was 
the fact that if a garage handled only .a relatively few calls 
per month, two-way radio did not pay off. Depreciation on a 
unit of mobile equipment costing $600 installed runs to about 
$10 a month. Maintenance runs about $7 a month on the 
same mobile unit. Considering just those two items, a garage 
would have to handle by radio 85 calls a month before the 
cost per call was reduced to even 20 cents. That in itself is 
not a small item of cost, and most of the contract garages 
were not handling an average of 85 AAA emergency road 
service calls each month. So radio was not a good deal for 
most AAA clubs. 

Radio Can Help: But the more intrepid clubs that went into 
radio, notwithstanding, soon found how to integrate it into 
their business without (and that's the point) the help of 
radio salesmen. The Washington, D. C. club furnishes an 
excellent example. A year or so ago they had 80 contract gar- 
ages serving the greater metropolitan D. C. area. These 80 
garages operated 256 trucks of which 9 were radio -equipped. 
Today, the D. C. club has 17 contract garages serving the 
same area. These 17 garages operate 61 trucks of which 41 

are radio -equipped. 
What do these figures signify? They show that the D. C. 

club has reorganized its method of handling its emergency road 
service business so as to exploit the full advantages of two- 
way radio. They have made an 80% reduction in the number 
of AAA contract garages. This has permitted them to swing, 
roughly, four times as much business to each contract garage 
as before. The increase in the amount of business each garage 
handles has automatically assured the AAA clubs the control 
they need over the service rendered to their members in peak 
periods. They have become, overnight, very important custom- 
ers. 

Two-way radio alone has made this concentration of busi- 
ness feasible for the club and the garage, because the size of 
the area each garage covers is no longer important when the 
dispatcher can reach out by radio to any garage truck and 
re -assign it to another job upon completion of the first. The 

Continued on page 45 
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Planning a Railroad Radio System 
DESIGN, INSTALLATION, AND OPERATING FEATURES OF THE ERIE RAILROAD 
COMPANY'S TRAIN RADIO COMMUNICATION SYSTEM-By WARREN J. YOUNG" 

RADIOTELEPHONE communication has become a vital 
part of American railroad transportation because it has 

increased the safety, dependability, and efficiency of railroad 
operation. The railroads needed communication between en- 
gine and caboose and between fixed points and moving trains 
even before the turn of the century; as early as 1914 the Lacka- 
wanna experimented with radiotelegraph, and had a Morse 
operator aboard one of their trains. Inability to overcome 
propagation vagaries and mutual interference with other sta- 
tions forced the abandonment of this commendable effort. In 
1921 the Communications Section of the Association of Amer- 
ican Railroads assigned its committee on radio the task of 
working with prominent manufacturers to develop radio equip- 
ment applicable to trains. Some success was obtained. 
primarily with amplitude -modulated induction systems oper- 
ating in the low -frequency range from approximately 70 to 
180 kc. The impetus which the second world war gave to 
the development of VHF techniques, FM radio. and the entire 
electronic industry made possible the first really practicable 
application of radio in train communications. 

In 1945 and 1946 the Erie Railroad conducted tests in its 
terminals and along its right-of-way on both AM and FM 
VHF radio, and also improved inductive carrier equipment. 
It is now one of the largest users of railroad radio, and the 
first and largest user of a comprehensive four-way train com- 
munication system over an entire main line. This article 
describes the installation and operation of that system. 

Operational Considerations: The Erie is made up of a 
number of operating divisions, each approximately 100 miles 
in length, and train movements on these divisions are under 
24 -hour jurisdiction of train dispatchers. Along each division 
is a special wire, the telephone Dispatcher's Circuit, to which 
all important way offices and telephones at sidings are con- 
nected. Train orders given by the dispatcher over his tele- 
phone circuit to wayside offices are handed to the engine and 
train crew, or in emergencies, are transmitted directly to a 

crew member. There are many occasions in railroad opera - 

`Communications Engineer, Erie Railroad Company, Cleveland, Ohio. This 
paper was presented at the 1953 National Meeting, IRE Professional Group 
on Vehicular Communication, Hotel Somerset, Boston, Mass. 

FIG. 1. VIEW OF THE 32 -VOLT BATTERY COMPARTMENT AND GENERATOR 

26 

tion, however, when the lack of direct communication on or 
with trains enroute may result in restricting the dispatcher's 
expeditious coordination of his train movements, or in pre- 
venting train crews from reporting promptly delays or 
hazardous conditions. 

In freight service, particularly with trains of 100 to 150 
cars, it is generally impossible without radio for the conductor 
to signal the engineer. When a conductor detects an unsafe 
condition such as a hot box (overheated bearing) , shifted 
cargo, or dragging equipment, he is unable without radio to 
notify the engineer so that the train can be brought to a con- 
trolled stop. Therefore, to stop the train the conductor must 
open the air valve which applies the brakes over the entire 
train. If the engineer does not realize the situation and con- 
tinues to apply power, the train may be pulled apart, cars 
may be derailed, or other damage might occur. In any event. 
it is necessary for the conductor to walk the entire length of 
the train in any kind of weather to talk with the engineer and 
determine the course of action. The passing of signals required 
to switch out a defective car is difficult and time consuming 
without radio, particularly with fog, inclement weather, and 
curves in mountainous terrain obscuring the engineer's view. 

To determine if it would be economically feasible to 
install train radio, and to determine its efficacy in increasing 
safety and of reducing train delays, damage to equipment. 
and possible derailments, our operating department made 
analyses of dispatcher's train -sheet records for all train 
delays that could have been eliminated or substantially re- 
duced by the use of radiotelephone. The record was made 
on certain divisions of the railroad which took into considera- 
tion heavy grades, weather conditions, and multiple and 
single tracks. Also considered were broken couplers and 
broken knuckles due to the application of air from the caboose. 
train stoppages and reverses for the purpose of detouring 
around preceding trains that were in trouble, and saving in 

elapsed time for disposal of cars with broken couplers, hot 
boxes, or other troubles. The study showed not only direct 
monetary savings but also intangible savings in reduced 
damage to equipment and contents of cars, retention of 
markets for perishable traffic, and better on -time arrival of 
scheduled freight trains. It showed the rapidity with which 
relief could be obtained in case of accidents at highway cross- 
ings. The study indicated, in short, that the actual monetary 
savings and the improvement in services and safety would 
justify the expenditure necessary for a main line installation. 
Accordingly, Erie's efforts were initiated primarily in that 
direction; radio service in yards and terminals was considered 
secondary. 

As the result of similar tests and cost studies in its Marine 
operation. Erie had established radio service in the New York 
Harbor Lighterage area between the tug dispatcher and its 
fleet of tugs which handled more than 250 carfloats, barges. 
cranes, and other floating equipment. Westinghouse radio 
units were used. At the time, the transmitter complete with 
its power supply was mounted on one chassis and the receiver 
and its power supply was on a second chassis. As the radio 
repair shop is located near the service facilities for the tugs, 
transportation of the heavy units to and from the shop pre- 
sents no problem from the standpoint of maintenance. It 
was felt, however, that these units were not suitable for a 

main line train system, so others had to be developed. 
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FIG. 2. TESTING A PROPOSED BASE -STATION SITE WITH MOBILE UNIT 

In order to engineer a railroad radio system which would 
meet our particular requirements, extensive tests were made 
with the cooperation of manufacturers of both space radio 
and inductive systems. Transmission of induction frequencies 
is not limited to theoretical line -of -sight distance, as is VHF 
space radio. It does, however, require continuous and rela- 
tively close proximity of the wire lines usually found along 
railroad rights -of -way, to carry the current induced from the 
mobile transmitter to the line and from the line to the mobile 
receiver. Such lines are not always sufficiently close to the 
tracks, where topography is unfavorable and in congested 
areas and yards. 

It is desirable that mobile equipment and base stations 
hear only the communications with which they are concerned. 
Most of these communications are division matters and it is 

important that the transmission be confined to that division. 
Controlling the coverage of induction signals is difficult. More 
space radio stations than induction stations may be required 
to provide adequate main -line coverage, but its advantages 
made space radio preferable for our purposes. 

Tests of radio equipment installed on cabooses had shown 
that this equipment must be very well-built and shock - 
mounted in order to withstand the vibration and shocks en- 
countered in such service. It was considered necessary also 
that the transmitter, receiver, and power supply be mounted 
on a separate chassis to reduce the unit weight. One manu- 
facturer, Farnsworth, designed its equipment accordingly; 
these units were equipped with Cannon plugs so that they 
could be instantly installed or removed from the rack by 
personnel not trained in electronics, and were light in weight 
to facilitate handling and shipment from remote base stations 
to a centrally -located, well-equipped radio shop. 

The original receivers tested were of the single -superhete- 
rodyne type, which tended toward instability. They were 

then redesigned; newer units are of the double -superheterodyne 
type, with both oscillators crystal -controlled. 

Mobile Equipment: To simplify maintenance and reduce the 
required spare units, our system is designed so that the mobile 
equipment is interchangeable with that used in base stations. 
The power -supply unit requires 117 volts AC. Because the 
power available in diesels is 70 volts DC, a converter supply - 
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ing well -regulated AC is installed in each locomotive. Nor- 

mally, there is no power available on cabooses, so we equipped 
them with 32 -volt 3 -kw. axle -driven generators, which keep 

32 -volt banks of Edison cells charged. By this means power 
is available when the caboose is stopped. The cabooses were 

equipped also with rotary converters to change the 32 volts 
to 117 volts AC. Fig. 1 shows the generator and the opened 
battery compartment. 

Dual -frequency transmitters and receivers are used on the 
mobile equipment. Normally, the diesels and cabooses stand 
by on the A band, which is 160.05 mc. If the A band is 

being used within range of a train on which the conductor 
wishes to communicate promptly with his engineman, he inter- 
rupts momentarily to instruct the engineman to switch to 
B band, 159.87 mc. Both the conductor and engineman then 
press a button on the control unit when the handset is off 

the hanger, which changes the equipment to B band. They 
can then talk without interfering with the A band conversa- 
tion. When their communication is terminated, and they hang 
up their handsets, a microswitch is actuated which breaks a 

relay holding circuit and restores the transmitter and receiver 

to A band. With this system base stations and mobile units 
hear all communications within range, permitting safe and 

prompt coordination. When an emergency does arise, imme- 

diate protective action can be taken. 

Base Stations: In order to assure continuous communication 
along the main line between Chicago and Jersey City, 

adequate overlap between adjacent base stations was neces- 

sary. The stations are located so as to provide a minimum 

signal of approximately five microvolts to the mobile receivers. 

Most are located on the railroad right-of-way; whenever 
possible, of course, we chose the highest points. A study of 

topographic maps enabled us to determine approximately the 

locations of stations and to prepare estimates for the system 
required, and also served as a guide for actual field tests. 

A radio truck, shown in Fig. 2, was used to determine the 
Continued on page 33 
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Microwave Frequency Standards 
A COMPLETE DESCRIPTION OF THE PRESENT STATUS OF NBS MICROWAVE 
FREQUENCY MEASUREMENT TECHNIQUES, CURRENT DEVELOPMENT WORK 

IN order to keep pace with an ever-expanding utilization of 
the radio spectrum, the National Bureau of Standards 

maintains a program of research and development aimed to 
make available accurate standards of frequency measurement. 
Work on standards in the microwave spectrum is the respon- 
sibility of the NBS Microwave Frequency Standards group, 
under the direction of Dr. Harold Lyons and L. J. Rueger. The 
laboratory is equipped to operate between 300 and 40,000 me. 
with completely standardized equipment,' and up to 75,000 mc. 
with instruments currently in the final stages of development. 
Ill addition to the broad research program in microwave prin- 
ciples and techniques, the laboratory calibrates the secondary 
microwave frequency standards used in science and industry. 

The signals used for calibration are derived directly from 
one of the stable 100-kc. oscillators maintained by the Bureau 
for time and frequency standards. Frequency of the driving 
oscillator is determined to better than 1 part in 1 billion by 
reference to the other NBS standard oscillators and with astro- 
nomical checks made by the Naval Observatory. The stand- 
ard oscillators also control the operating frequencies of station 
WWV, Beltsville, Md. Because the 100-kc. signal must be mul- 
tiplied up to thousands of megacycles, some difficulties arise 
because of noise and other small effects which tend to cause 
phase modulation in the frequency multiplier chain. In all. 
frequency and phase modulation produced is less than 1 part in 
100 million at 300 mc., less than 1 part in 10 million at 24,000 
mc., and less than 1 part in 100,000 at 54,000 mc. The in- 
crease in bandwidth at the highest frequency arises principally 
as a result of the low signal strength of the generating equip- 
ment at these levels. In special set-ups bandwidths of less 
than one part in 10 billion have been achieved. By compari- 
son, resonant cavities and other secondary frequency stand- 
ards are rarely dependable to better than 1 part in 10,000; al - 

'"Microwave Measurements Standards," NBS Tcrh. News Bull., 32, 12 
(Dec. 1948). 

FIG. 2. CONSTANT -TEMPERATURE OIL BATH FOR KLYSTRON MULTIPLIERS 
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FIGS. 1, ABOVE, AND 3, BELOW. FIXED AND VARIABLE -FREQUENCY CHAINS 

though some cavities have been constructed that function con- 
sistently within 1 part in 100,000, the temperature, humidity. 
and pressure must be controlled carefully to obtain such per- 
formance. 

Signal Generation: The 100-kc. standard signals, from which 
the microwave frequencies are derived, are generated in a 
sIeachan bridge oscillator circuit with a carefully hand -tail- 
ored 100-kc. crystal. They have short -time stability (10 min- 
utes) of 1 part in ten billion and long-time stability (1 week) 
of 1 part in one billion. Two distinctly separate multiplie) 
chains are employed to raise these to microwave frequencies: 
one is a fixed -frequency, and the other an adjustable -frequency 
standard. In both systems, unwanted sidebands or harmonics 
are suppressed 60 db at each stage of the chain. Conventional 
grid -controlled vacuum tubes multiply the frequencies up to 
several hundred megacycles, while fixed -frequency klystron 
multipliers yield frequencies up to 25,000 mc. Above this range 
crystal rectifiers are employed as harmonic generators, whose 
working frequencies are selected by transmission cavity filters. 

The fixed=frequency standard, Fig. 1, has higher outputs 
than the variable system but is not as versatile. The 100-kc. 
reference source is multiplied in evenly -spaced intervals. Fre- 
quency mixing is accomplished at the end of the chain, the out- 
puts of which provide coverage of the spectrum at very closely - 
spaced intervals. Strongest signals are obtained from the fol- 
lowing mixing combinations: 10 -mc. intervals through 5,000 
mc., 50 -mc. intervals through 25,000 mc., and Q50 -mc. inter- 
vals through 40,000 mc. Errors in transcribing and plotting 
data are minimized because the signals occur at evenly -spaced 
round numbers. Power available at the 10 and 50 -mc. out- 
puts is 5 watts; at the 250 and 3000 -mc. outputs, 1 watt; and 
at the 9000 -mc. output, 20 milliwatts. Stability and long life 
are obtained from the klystron amplifiers and multipliers by 
immersing them in a temperature -controlled oil bath, Fig. Q. 

and operating them well below maximum ratings. The kly- 
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strons are completely immersed in oil, which is kept gently 
agitated by a stirring motor. A sensitive control maintains 
the bath temperature to ± 0.01`('. Outputs of the klystrons 
are fed into the calibrating system through matching sections 
of waveguide at the left. 

Signals are generated in the adjustable -frequency standard, 
diagrammed in Fig. 3, by combining a fixed multiple of the 
100-kc. source with the signal from a precision oscillator that 
is continuously adjustable between 2 and 3 mc. The com- 
bination frequency passes through multipliers tunable within 
a range of 10%. The adjustable range may be expanded to 
100% by using the tenth harmonic of any output from the 
multiplier chain. Radio frequency power available to the 
harmonic generators is at least 2 watts at each output of the 
multiplier chain. Excellent efficiency in the generator and 
the detector systems permits the use of harmonics as high as 
the thirtieth for calibration purposes, and extends the range 
of the standard from 300 through 2,5,000 mc. Frequency mix- 
ing is accomplished near the beginning of the multiplier chain, 
which is advantageous because it maintains wide separation 
between adjacent harmonics. A major disadvantage of the 
system, however, stems from the fact that the very low differ- 
ence intermodulation frequencies are multiplied in the chain 
together with the desired signal, which produces unwanted 
sidebands. 

When relatively high standard -frequency power (about one 
milliwatt) is required, a frequency transfer process can be 
used with the normal loss of overall precision. Here, CW 
klystron oscillators are synchronized to a standard oscillator. 
and frequency modulation of the oscillators is minimized by 
using battery power and by operating the klystrons in a tem- 
perature -controlled oil bath, as described before. 

Fig. 4 shows the rack -mounted microwave standard equip- 
ment. The system includes frequency multipliers, adjustable - 
frequency oscillators, and necessary metering and monitoring 
equipment. The adjustable -frequency standard occupies the 
two center racks. Two transmission -type wavemeters are 
shown mounted for a calibration: the meter at the left has been 
sent to the Bureau to be calibrated against the standard. 
Variations in output with change in meter setting are moni- 
tored on the visual analyzer mounted i the first rack. The 
system of panel jacks permits mixing many .standard fre- 
quencies. Dolly -mounted racks at the right contain the elec- 
tronic components of the Model II ammonia clock. 

FIG. 4. FOUR RACKS ON LEFT WALL HOUSE BOTH MICROWAVE STANDARDS 

Calibrating Secondary Standards: Frequency meters sent 
to the Bureau are calibrated, when possible, under normal 
operating conditions. For instance, if a meter has a built-in 
detector and indicator, sufficient power is used to operate the 
complete indicating system. Or, if the meter can be employed 
either as a transmission or a reaction device, the caibration 
covers both methods, and checks are made for any existing 
discrepancies between the two. Ambient room temperature 
of the calibration laboratory is maintained at 23° ± 2°C. 
and the relative humidity to 50c7 ± 2%. Meters are per- 
mitted to reach equilibrium with room conditions before a 
calibration is made. 

In Fig. 5 is shown a typical setup for calibration of a 
frequency meter by means of the fixed -frequency standard. 
The rack at the far right contains the loca oscillator and 
associated power supplies: the rack to the left of the first con- 
tains the fixed standard. The RF components on the bench 
include, in a clockwise direction: directional coupler, matching 

FIG. 5. EQUIPMENT FOR CALIBRArIUN OF A SECONDARY FREQUENCY STANDARD WITH THE FIXED PRIMARY STANDARD. LINEU? IS SKOWN IN FIG. 6 
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FIG. 6, ABOVE: TEST SETUP. FIG. 8, RIGHT: SOME HARMONIC GENERATORS 

section and coaxial-to-waveguide transformer; variable atten- 
uator; the frequency meter to be calibrated (similar to those 
in the shelves above) ; another attenuator; buffer; tunable 
transmission filter; another buffer and matching section; crystal 
harmonic generator; a connector for the standard; and a mixer 
(black box and cylinder) for mixing the standard signals. 
The output of the system, an intermediate frequency, is fed 
to the spectrum analyzer at the far left. 

Fig. 6 is a block diagram of the setup. In the calibration 
procedure, the standard frequencies are applied to a crystal 
diode mixer, a non-linear device that generates all the sum -and - 
difference combinations of the signal present. The desired 
signal is selected and all others are rejected by a tunable trans- 
mission filter, which has been previously calibrated. The 
output of a frequency -modulated local oscillator is admitted 
to the converter crystal through a directional coupler, where 
it is mixed with the standard signal. 

The intermediate frequency from the converter is fed to 
a spectrum analyzer and the matching sections are adjusted 
for maximum signal strength. Attenuators placed on either 
side of the meter to be calibrated are set to 10 db each, 
which effectively isolates the calibrating equipment and pre- 
vents reactive pulling of the meter. 

A close view of a crystal mixer is given in Fig. 7. By means 
of resonant circuits in series, three standard signals - 50, 
250, and 3000 mc.-are applied simultaneously to the crystal 
converter. By extending these methods, additional frequencies 
can be added. The small box contains tuned circuits for 
the 50 and 250 -me. signals, and the cylinder is a cavity tuned 
to 3000 mc. 

The frequency meter to be calibrated is set to resonance 
at each calibration frequency at least ten times. The diver- 
gence or spread of the readings at a given frequency is then 
a measure of the backlash or other mechanical defects of 
the drive and indicating mechanism. This spread is included 
in the calibration report as the tolerance to which readings 
are reproducible. 

Although not included in a normal calibration, it is possible 

FIG. 7. CRYSTAL MIXER FOR 50, 250, AND 3,000 -MC. STANDARD SIGNALS 

to measure the cavity temperature coefficient of frequency 
near room temperature and the approximate Q of the cavity. 

Microwave Signal Detection: Because the power of the 
harmonics used as standard -frequency signals is often as low 
as 1 microwatt, direct detection by means of a crystal diode 
and a sensitive current meter is usually impractical. In addi- 
tion, the useful power at the detector is further reduced by 
a nominal insertion loss of 10 db for the transmission filter 
and 10 db each for the padding attenuators. Power avail- 
able at the detector is then about 0.001 microwatt. There- 
fore, when a frequency meter with a built-in crystal detector 
is to be calibrated, a higher -power CW oscillator is used and 
is adjusted to the frequency of the standard signal. Amplifi- 
cation of the beat note beween the standard signal and a 
small portion of the oscillator output is sufficiently high to 
permit the adjustment of the oscillator to the same frequency 
as the standard -frequency signal, but precision is decreased 
approximately one order of magnitude. The remainder of 
the oscillator power is sufficient to permit the crystal current 
from the detector to be monitored with a microammeter. 

When the type of calibration is such that the standard 
frequency signal can be passed through the meter to be cali- 
brated, a sensitive receiver is used to detect the signal. In 
the frequency range from 300 to 750 mc. a double -superhetero- 
dyne panoramic receiver is employed; above 750 mc. a sensi- 
tive spectrum analyzer detects the signal. 

Direct -reading local oscillators of the external -cavity reflex 
klystron type generate the signals from 750 to 11,000 mc. 
Above 11,000 mc., internal -cavity reflex klystrons, mounted 
directly on the waveguide connecting the meter to the 
standard, provide local oscillator power. Because the power 
of the local oscillator is much greater than that of the standard 
signal. the height of the pulse displayed is directly propor- 
tional to the power of the standard signal. The frequency 
meter being calibrated is tuned to resonance by observing the 
relative pulse height on the cathode ray tube of the analyzer. 
Voltage gains of 160 db are possible with the spectrum 
analyzer. which can accordingly detect microwave signals as 
low as 0.1 micromicrowatts. 

Harmonic generators shown in Fig. 8 are arranged accord- 
ing to increasing frequency. Those in the column on the left 
operate from 300 mc., at the top, to 10,000 me., at the bottom. 
Mounts in the right column from top to bottom operate from 
10,000 to 75,000 mc. Some harmonic generators are modified 
crystal detectors used in the reverse direction; the shorting 
capacitances are removed, signals are inserted in the low -fre- 
quency side, and harmonics are recovered from the high -fre- 
quency side. The smallest unit (right column, second from 
bottom) generates signals as high as 75,000 mc.; that below it 
is capable of doubling frequencies from 26,000 to 40,000 mc., 
with an output from 52,000 to 80,000 mc. 

Note: The fee for calibration of microwave frequency equipment is $33 to 
$42 for the first calibration point and $5 to $8 for each additional calibration 
point, depending on the type of equipment. More information is included in 
NBS Circular 483, obtainable for 25 cents from the Superintendent of Docu- 
ments, U. S. Govt. Printing Office, Washington 25, D. C. 



CUMBERLAND VALLEY Electric Company cove -s 650 
square miles of mountainous terrain with RCA 2 -Way 
Radio. A station at 2300 -ft. elevation relays signals 
to ánd from control point 1700 feet below. 

HARR IS ON VIL LE 

7$2 FT. 

McCONNELLSBURG 
800 FT. 

FT. LITTLETON 
Few Er! 800 FT 

RELAY STATION 
2300 FT, 0 
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CONTROL 
STATION 
600 F. 

GREENCASTLE 
600 FT. 

CHAMBERSBURG 
600 FT. 

RCA 2 -Way Radio 
HILLTOP RELAY STATION receives 
signals from control station on 73.98 mc. 
and from mobile units on 48.54 mc. 
Station transmits on 37.58 mc. 

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 

r 

op4 

away. From this vantage point the 
company achieves unusual efficiency, 
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 CAMDEN, N. J. 

Radio Corporation of America 
Communications Equipment, Dept. A132 
Building 15-1, Camden, New Jersey 

Please send me information on 
RCA 2 -Way Radio. 

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

Name Title 

Company _Address 

City Zone_State 

--g 
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Manufacturers Request New Service 
COMMITTEE ON MANUFACTURERS RADIO USE, REPRESENTING THE SPECIAL 
INDUSTRIAL SERVICE LICENSEES, PETITIONS FOR RULES AND FREQUENCIES 

ON December 16, the Committee on Manufacturers Radio 
Use staged a demonstration at the Statler Hotel in Wash- 

ington for FCC Commissioners and staff members, and pre- 
sented a petition for establishment of a Manufacturers Radio 
Service. The petition requested 40 exclusive frequencies in ad- 
dition to the shared frequencies now allocated to manufactur- 
ers, as well as point-to-point communication rights equivalent 
to those of other services. Host for the demonstration was 
the NAM. 

Purpose of the demonstration was, of course, to show how 
important two-way radio has become to manufacturers, and 
that granting of the petition would be in the public interest. 
The more ambitious part of the program was a scale model of 

a typical steel mill complete with straddle trucks, fork lift 
trucks, and other radio -equipped mobile units. Five opera- 
tors were directed from a central dispatch point to show mate- 
rial -handling processes tied in with radio. The scale model of 

the yard, shown in the picture on this page, was supplied by 
the Timken Roller Bearing Company. Operators and equip- 
ment were brought to Washington particularly for the dem- 
onstration. 

Another part of the program was a presentation of slides 
showing two-way radio in various industrial uses, prepared by 
Thompson Products, Inc. Among the guests were all the FCC 
members and key staff personnel, with the exception of Com- 
missioner Doerfer who was not able to attend. 

Committee Organization: The CMRU was organized in 

February, 1953, with five members. These are Herbert E. 
Markley, chairman, of Timken; Eugene E. Ford and William 
V. H. Moore, of Thompson Products, Inc.; Victor G. Reis, of 

Bethlehem Steel; and Richard Thuma, of Allis-Chalmers. The 
committee was formed "for the purpose of investigating the 
uses of radio by manufacturing companies and making an or- 
ganized effort that would insure for them a far larger and more 
effective use of radio than can be expected under the limita- 
tions now imposed by the Special Industrial Radio Service 
[Rules]." Jeremiah Courtney is counsel for the CMRU, and 
Jansky & Bailey are consulting engineers. 

Committee Actions: One of the most significant provisions 
of the Special Industrial Radio Service Rules is Section 11.501 

(a) , of which subparagraph 3 prohibits the use of radio outside 
the limits of yard areas. This is a severe limitation in some 
eases, such as that of Timken, which built a plant on the out- 
skirts of Canton 50 years ago. The city has since built up 
around the plant so that land in the immediate vicinity is ex- 
pensive; with radio facilities the company has been able to 
purchase land as much as five miles from its steel mill for ma- 
terial storage, and to call for the materials by radio as they are 
needed. If the trucks that move the billets from storage area 
to production line were not controlled by radio it would be 
extremely difficult to schedule production, since these move- 
ments require adherence to a split-second timing pattern. 

Unfortunately, the geography of the company's yard area 
is such that straddle trucks cannot proceed from the storage 
areas to the steel mill without traversing a short stretch of 
public highway. The restriction on communication out of yard 
confines does not benefit any other radio user but impairs the 
overall efficiency of the Timken operation. There are many in- 
stances also in which manufacturing organizations have several 

plants or buildings within a city, and could show greatly in- 
creased efficiency if these buildings could be tied together by 
means of radio. 

Therefore on April 16, 1953, the CMRU presented a sug- 
gested Rule revision and comments to the FCC, in which it 
was asked that 2 -way radio operation be permitted with mo- 
bile units outside yard areas if such communication did not 
amount to more than 10% of the total system communications. 

Upon further investigation, the Committee concluded that 
"serious difficulties in the near future" were unavoidable under - 
the present Industrial Service structure, even with the revision 
proposed; accordingly, a statement of intention was filed with 
the FCC on May 20, in which notice was given of the CMRU's 
intention to file the present Petition. Special studies of the 
Detroit area and of the aircraft industries in the Los Angeles 
area showed conclusively the inadequacy of present frequency 
assignments to the Special Industrial Radio Service, the ef- 

ficacy of two-way radio in manufacturing operations, and the 
public benefit of such use. 

Petition Proposal: Specifically, the CMRU Petition recom- 
mends that the basic requirements of present Industrial Rules 
be retained, but amended so that 

1) Any yard -area manufacturer licensed in the Manufac- 
turers Radio Service could operate a mobile radio system with- 
out territorial restrictions, and 

2) Any corporation operating two or more plants in the 
same metropolitan area could use a mobile radio system with- 
out territorial restrictions if at least one of the plants meets the 
yard -area qualification, and 

3) A conclusive showing of need for additional frequencies 
would not be required. 

The Committee recommended that 40 frequencies in the 
460 to 470 -mc. Citizens Radio Band be reassigned to the 
Manufacturers Radio Service on an exclusive basis, and that 
all frequencies presently assigned to manufacturing licensees 
and others on a shared basis be retained. It was the Commit- 
tee's opinion that the 60 frequencies remaining in the Citizens 
Band would be sufficient for full development of that band but, 
if this should not prove to be so, then some frequencies could 
be redeemed for that band by the FCC if it were to reexamine 
government and FM broadcast allocations. 
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RAILROAD RADIO 
(Continued from page 27) 

optimum location of each station. By 
mounting at the top of a two -section 40 - 
ft. aluminum extension ladder a sliding 
20 -ft. length of aluminum pipe, to which 
a base station antenna was attached, it 
was possible to erect a 63 -ft. antenna in 
about 5 minutes. This antenna system 
was pivoted to the top of the truck. 
Mounted also in the truck was a portable 
transmitter -receiver, on which the volt- 
age at the control grid of the first limiter 
was calibrated as a function of signal in- 
tensity. A small portable gasoline -driven 
AC alternator furnished power for the 
equipment. One of our men riding the 
diesel of a train read mile posts and loca- 
tions while the train and test truck were 
in communication. Thus, the men on the 
truck were able to plot field strength in 
microvolts as a function of mile -post loca- 
tion, and determine if the test location 
was ideal or if further tests should be 
conducted east or west of the location to 
find a more suitable site. 

Each base station is controlled from at 
least one office which is open at all times. 
A console unit is installed in the control 
office with an amplifier and loudspeaker, 
so that the operator hears all communica- 
tions within range of his VHF receiver. 
A handset with push -to -talk button is 
used. This console is connected to the 
control unit, transmitter, receiver, and 
power supply by means of a two -wire 
audio circuit. Identical equipment is 
used for both local and remotely -con- 
trolled stations. When the push -to -talk 
but: ton of the handset is pressed, a poten- 
tial of about 90 volts positive is applied 
between the console unit and the control 
unit through a simplex connection on the 
two control wires, energizing the trans- 
mitter. Polyethylene -insulated wires are 
used for the remote radio control pair to 
insure reliable operation. In some in- 
stances, it is necessary for a way station 
to control several base radio stations on 
the same control pair. All base stations 
are then connected in parallel, and the 
transmitters are keyed simultaneously. 

When it is necessary for the dispatcher 
to communicate directly with a train, the 
way station involved connects physically 
the dispatcher's telephone circuit and the 
radio control pair. The dispatcher throws 
his radio switch; then, when he presses 
the push -to -talk foot switch, about 100 
volts positive simplex is applied to his 
telephone circuit. This voltage is carried 
to the control unit and energizes the 
VHF transmitter. One of the locally - 
controlled stations can be seen in Fig. 3. 
This is at Falconer, New York. 

Our station at Parkers Glen, Pennsyl- 
vania is controlled from Port Jervis, New 

Concluded on page 35 

This new 190-A Q Meter measures an essential 
figure of merit of fundamental components to 
better overall accuracy than has been pre- 
viously possible. The VTVM, which measures the 
Q voltage at resonance, has a higher impedance. 
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 
Low Q scale 
Multiply Q scale 
Differential Q scale 
Total Q indicating range 

50 to 400 
10 to 100 

0.5 to 3.0 
0 to 100 
5 to 1200 

PERFORMANCE CHARACTERISTICS OF INTERNAL 
RESONATING CAPACITANCE Range - 7 mmfd. 

to 7100 mmfd. (direct reading). 

POWER SUPPLY: 90-130 volts -60 cps 
(internally regulated). 

Write for further information 

NEW DEVELOPMENT in 

Q -METER TYPE 190-A 

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. 

BOONTO 
BOONTON IN U.S.A. 

MOBILE RADIO HANDBOOK 
Practical Working Data on Mobile and Point -to -Point Systems 

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

PLANNING: How to plan a mobile or point-to-point communications system. This 
chapter covers the overall problems of power and topography, interference, city 
ordinances, public liability, operation, maintenance, expansion, and interconnection. 

FREQUENCIES: FCC rules and allocations which became effective in July, 1949 
provided for many new services. Complete details are presented on every service 
in the common carrier, public safety, industrial, and transportation groups. 

LICENSES: How to apply for a construction permit, license, and renewal for a 
communications system. Complete FCC forms, filled out in the correct manner, are 
shown. This is of the utmost importance; incorrect forms may cause months of delay. 

EQUIPMENT: Three chapters are devoted to the problems of selecting the right 
equipment for a particular system, specifications on transmitters and receivers 
of all makes, selective calling and fleet control and adjacent -channel operation. 

ANTENNAS, TOWERS: The problems of planning antenna installations are covered 
very thoroughly in two chapters which explain the various special-purpose types of 
radiators, and the correct method of erecting a standard guyed, steel antenna tower. 

MAINTENANCE: How to keep a communications system at peak performance. Methods 
and record forms that have been perfected by years of experience are described in 
detail. Proper balance between essential and superfluous maintenance is explained. 

OPERATORS: The FCC is becoming increasingly strict about the observance of 
rules relating to operator requirements at communications systems. Official in- 
formation is given, with a detailed explanation from FCC Secretary T. J. Slowie. 

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

An elaborately illustrated reference book for executives, communica- 
tions engineers, system supervisors. 190 pages, 83/ by 11 V ins. 

$4.00 Cloth Bound - $2.00 Paper Cover Ely where, 25c Postage os age 

Published by RADIOCOM, INC. 
THE PUBLISHING HOUSE, GREAT BARRINGTON, MASS. 
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ornéli-Dúbiliér 
Wyk 
TRANSMITTER 

CAPACITORS 

Imitated - 
but never 
duplicated. 
The finest 
heavy- duty 

capacitors available. 
Impregnated and filled 
with world famous 

C -D Dykanol. 

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

There are more C -D capacitors in use today han any other make 

See your classified telephone directory for name 
and address of nearest C -D authorized distributor 

CONSISTENTLY 

EMENDABLE 

ORN ELI -VU BILlER 
CAPACITORS 

PLANTS IN SO. PLAINFIELD. N. J.. NEW BEDFORD. WORCESTER AND CAMBRIDGE. MASS.. 

PROVIDENCE. R. INDIANAPOLIS, IND., SANFORD AND FUOUAY SPRINGS. N. C. SUBSIDIARY OADIANT CORP.. CLEVELAND, ON',, 
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RAILROAD RADIO 
I('nntinueJ from page i.] 

York, 15.-i miles east of the transmitter 
site. In order to obtain adequate cover- 
age through this mountainous territory 
without installing three base stations, it 
was found possible to erect a station on 
top of a mountain. We brought 140 -volt 
power and a control pair front our right- 
of-way tip the mountainside to this 
station. Remote control is accomplished 
by a telephone carrier superimposed on 
the dispatcher's circuit. The band front 
9.3 to 11.7 ke. is used to carry the audio 
to the VHF transmitter and the band 
from 4.3 to 6.7 kc. to carry the audio front 
the VHF receiver to the control offices. 
A 12.1-kc. tone keys the transmitter and 
a 3.6-kc. tone indicates al Port Jervis 
that the station is keyed. 

The importance of this station, to- 
gether with the difficulty of access, made 
it practical to install duplicate equip- 
ment. 

Conclusion: In September, 1951 the 
Erie's radio system, consisting of 60 hase 
stations between Chicago and Jersey 
City, was completed. Mobile radio - 
equipped vehicles consist of 250 passen- 
ger and freight diesels, 67 cabooses, 72 
yard switching diesels, and 4 business 
cars. The yards at Chicago, Hammond, 
Youngstown, Sharon, Cleveland, James- 
town, and Buffalo are radio -equipped. 

MOBILE SALES 
(Continued from page !') 

return to home base, the garage offices, is 

avoided. In peak periods, when the full 
utilization of the garage truck is impor- 
tant, time isn't lost back -tracking to the 
garage for the next job assignment. The 
AAA club dispatcher. in consequence, 
frequently takes over the radio -equipped 
wrecker for the entire shift. The result 
has been to about double the productivity 
of each garage vehicle, to make radio use 
really worth -while to the club and the 
garage, to improve the speed of service to 
the calling member, and to vest in the 

Concluded on page 36 

look to OCD 
for the "missing links" in 

EXACT REPLACEMENT TRANSFORMERS FOR 

LINK RADIO EQUIPMENT 

For many years, CHICAGO 
has made most of the 
transformers and filter 
reactors for Link Radio 
equipment which is widely 
used in police communication 
and other mobile applications. 
CHICAGO Exact Replacement 
Transformers for this equipment 
are now available through your 
electronic parts distributor. The 
CHICAGO catalog numbers are identical 
to the Link parts numbers. See your 
distributor for these components. 

IN STOCK FOR IMMEDIATE DELIVERY 

CHICAGO 
CAT. NO. TYPE OF UNIT 

REPLACES LINK RADIO MTG. LIST 

PART NUMBERS: TYPE PRICE 

TR -1034 Vibrator Transformer (6 v.) TR -1034 and 12534 V $ 9.50 

TR -1035 Vibrator Transformer (12 v.) TR -1035, 14269 V 9.50 

TR -1040 Plate Transformer TR -1040 and 11862 FS 97.50 

TR -1050 Vibrator Transformer (6 v.) TR -1050 V 9.90 

TR -1054 Plate Transformer TR -1054, 11944, 4891 V 18.50 

TR -1056, 0122U V 10.85 TR -1056 Filter Choke 

TR -1063 Filament Transformer 

TR -1065 Power Transformer 

TR -1072 

TR -1013 

TR -1071 

TR -1081 

TR -1063, 11992, 1211 

7650N, TR -1065 

Power Transformer TR -1072, 6248 

Vibrator Transformer (6 v.) TR -1013, 6250, TR -1080 

Filter Choke TR -1077, 7282N 

Output Transformer TR -1081 

(Plate to Grid or Line) 

TR -1082 Filament Transformer TR -1082 

TR -1083 Filament Transformer TR -1083, 8218N 

TR -1014 Vibrator Transformer (12 v.) TR -1014 

V 

S 

V 

V 

BX 

S* 

TX -1 

TX 

V 

10.50 

13.50 

9.50 

9.25 

24.25 

15.00 

31.25 

20.50 

11.50 

*Pin -type terminals in place of solder lugs. 

Free CHICAGO Complete Line Catalog 
You'll want the full details on all CHICAGO Transformers- 
"Sealed-in-Steel" New Equipment Transformers, MIL -T-27 

Transformers, Television Replacement Transformers, General 

Replacement Transformers and Control and Power Circuit units. 

Write for your free copy today, or get it from your 
electronic parts distributor. 

CHICAGO STANDARD TRANSFORMER CORP. 

3501 W. ADDISON ST., CHICAGO 18, ILL. 

BX 

TX 

Export Sales Div.: 
Scheel International, Inc. 
4237 N. Lincoln Ave. 
Chicago, Ill., U.S.A. 

CABLE ADDRESS: 
HARSHEEL 
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...WHEN YOU ADD HAMMARLUND 

Selective Calling Equipment 
to Mobile 2 -Way Radio Systems 

...AND it means 

PRIVACY...QUIETNESS...CONVENIENCE 
Privacy, speed, quietness and con- 
venience become an accepted part of 
day -in -day -out operations of 2 -way 
radio systems used to control large 
fleets of emergency service or com- 
mercial vehicles, or distant fixed sta- 
tions, when Hammarlund Selective 
Calling Equipment is added. 

By the push of a button the dis- 
patcher selects within 0.8 seconds 
the vehicle, remote station, or group 
of receivers which he wants to con- 
tact. Only the selected operator or 
group of operators can receive the 
call. 

If a radio operator is away from 

his station when a call comes in, an 
indicator light will be turned on to 
show he was called while absent. 
For police and other emergency ve- 
hicles the horn or other alarm can 
be remotely activated to summon 
drivers whose work has taken them 
from the immediate vicinity of their 
cars. 

Write today to the Hammarlund 
Manufacturing Company for de- 
scriptive information about this 
selective calling equipment that 
was engineered to produce new 
benefits for you from your 2 -way 
radio system. Ask for Bulletin A2. 

umulaLunb 
HAMMARLUND MANUFACTURING CO., INC. 

460 WEST 34th ST. NEW YORK 1, N. Y. 

MOBILE SALES 
(Continued from page 35) 

club dispatcher such control over the 
service rendered as was never before at- 
tainable. 

To return to the point, the AAA clubs 
were not acquainted with those radio ad- 
vantages by the engineering salesmen of 
any manufacturer. That is shown best by 
the spotty exploitation of this market to 
date. The numerical order of size of the 
twenty clubs using two-way radio is 1, 3, 
4, 5, 6, 7, 9, 10, 11, 12, 21, 27, 28, 29, 31, 
50, 65, 66, 75, and 135. All the values 
radio now is known to hold for the AAA 
clubs had to be explored, evaluated, and 
reduced to realization by the clubs them- 
selves, sparked and coordinated by the 
Washington Director of the AAA Na- 
tional Automotive Service, Mr. James L. 
Reardon. 

In much the same way other AAA 
clubs, which have not yet adopted the 
Washington reorganized method of doing 
business, have been agreeably surprised 
to find that radio permits them to cut 
down the number of garages they are re- 
quired to subsidize at considerable ex- 
pense to get night-time or 24 -hour service 
for their members. A single radio - 
equipped garage, they have found, can 
easily do the night-time work of several. 

The moral, which could be fortified by 
a hundred case histories, is obvious. Two- 
way radio is not an electronic gadget to 
be sold like any other automobile acces- 
sory or appliance. It is a way of doing 
business. It can be sold only if the sales- 
man knows how the customer presently 
conducts his business, what its problems 
are, and how radio is going to fit into or 
change the customer's existing way of 
doing business. Much has been done in 
this field of sales endeavor. Much re- 
mains to be done and, as the easy -to -sell 
market disappears, the premiums in the 
field of radio sales may be expected to 
fall not to the technical wizards among 
the engineering sales force, but to the 
hard-headed business -analyst type of en- 
gineering salesman. More power to them! 

LOW-COST ASSEMBLIES 
(Continued from page 19) 

of the curves, although no costs were cal- 
culated and the points, therefore, are not 
plotted. 

The first and most obvious conclusion 
that can be drawn from the curves is that 
for either frequency, under all conditions, 
the highest -gain antenna is always in the 
most economical combination! Clearly 
then, the high -gain antenna is first in 
providing more signal for less money. 

Transmission lines exhibit somewhat 
different characteristics. From the man- 
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ner in which the curves cross each other, 
it must be concluded that the poorest 
transmission line (RG -17/U) appears 
economically sound for only extremely 
short towers, considerably under 100 ft. 
in height, and even at those heights the 
difference in costs is negligible. This small 
difference is probably more than over- 
shadowed by the tendency of solid dielec- 
tric cable to fill with water and cold flow 
if extreme care is not taken during instal- 
lation. 

The 7/8 -in. air -dielectric coax would 
normally be the best choice up to some- 
what over 200 ft. at 150 me., and up to 
between 150 and 180 ft. at 450 mc. This 
critical height is increased with a higher 
power transmitter. Above these heights, 
the 1 3/4 -in. air -dielectric coax becomes 
most economical. This is quite plausible, 
and what might be expected - on longer 
runs, lower -loss lines should be used. 

Tower height seems to be the most 
expensive way to achieve a satisfactory 
output signal, and should be resorted to 
only in extreme cases. 

Although comparing transmitter 
powers is not easy, because of talk -out 
and talk -back range as mentioned pre- 
viously, it must be included for corn- 
pleteness. A quick look at Fig. 1 vs. 
Fig. 2, and Fig. 3 vs. Fig. 4, shows that 
increasing transmitter power is a good 
way to increase range without increasing 
tower height. If an exact comparison 
were to be made between low and high - 
power transmitters, then in the high - 
power case the cost of increasing the 
transmitter power in each mobile unit 
should be considered. This, of course, 
may be large or small, depending on the 
number of mobile units in the system. 
Such an exact comparison could be made 
only in specific cases. In general, it 
would seem that the higher -power trans- 
mitter would be desirable but only with 
the high -gain antenna and better or best 
transmission line. 

The fact that with any transmitter 
power, the high -gain antenna is always 
the most economical, is convenient when 
considering talk -back range. Because 
noise at the fixed station (which is the 
main limiting factor on talk -back) is 
generally coming from the nearby ground 
level, the beam -shaped pattern of the 
high -gain antenna discriminates against 
noise to a certain extent. A 6 -db gain 
antenna furnishes not only 6 db more re- 
ceived signal, but also several db "extra" 
signal-to-noise ratio, which is equivalent 
to extra gain and, therefore, extra talk - 
back range! 

In any specific case, there may be cir- 
cumstances which would change the 
figures somewhat. For instance, occasion- 
ally a tall building, tower, or other struc- 
ture is already available at little or no 

Concluded on page 38 
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Communication 

Engineers 

Advancements in the 

fields of wave 

propagation, 
translation of 
information, 
communication theory, 
circuit techniques 
and equipment 
miniaturization have 

created a number of 
wew openings for 
qualified engineers in 
the Hughes Advanced 
Electronics 
Laboratory. 

-r 
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with 

experience 

in 

the 

fields 

of 

THE COMPANY 

Hughes Research and De- 
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 

Hughes 
RESEARCH AND DEVELOPMENT LABORATORIES 

r 

Systems 
Engineering 

Information 
Theory 

Circuit 
Development 

Electro- 
mechanical 
Development 

Equipment 
Engineering 

1 

tems, network theory, 
magnetic recording, wide - 
band amplification, and 
intricate electromechani- 
cal devices are active in 
this program. 

THE FUTURE 

Engineers who enjoy a 
variety 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. 

r 7 
Scientific 

and 
Engineering_ 

st 

CULVER CITY, 
LOS ANGELES 

COUNTY, 
CALIFORNIA 

J 

1 
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Communication Registries 
WHATEVER information you need about any LI. 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 services 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 $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 $2.00 

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 I enclose - 

$1.00 Registry of Transportation Systems D $1.00 Registry of Public Safety Systems 

D $2.00 Registry of Industrial Systems O $1.00 Registry of Air -Ground, Coin. Car. Systems 

Name 

Address 
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LOW-COST ASSEMBLIES 
(Continued from page 37) 

cost to support an antenna. For such a 
case, all the points would he lowered as 
to cost, but the general shapes of the 
curves would remain more or less the 
same, with about the same conclusions. 
\ very special, and improbable, set of 
conditions would have to he set up to 
show a low -gain antenna as being more 
economical than a high -gain unit. 

Conclusions: To summarize: at both 
frequencies, either transmitter power. 
any transmission line, any tower height. 
and any required range, the highest -gain 
antenna is always the most economical. 
For transmission lines, solid -dielectric 
cable should be used on only the shortest 
runs: 7/s -in. air -dielectric line is better for 
runs up to medium length, and the 
lowest -loss line is indicated for the longer 
runs. High -power transmitters, used 
with high -gain antennas and the better 
transmission lines, are good means of 
eliminating the need for high towers pro- 
vided that the talk -back problem is 
solved satisfactorily. 

Special conditions may change the 
curves somewhat, but the conclusions 
will generally hold true. 

LEASED EQUIPMENT 
(Continued from page 21) 

ment entities operating radio systems 
under the term "public safety services." 

From the beginning APCO has held 
the concept that police communications 
must be controlled by the police them- 
selves. APCO makes no claim of origin- 
ality in this concept, because it is funda- 
mental that a law enforcement agency 
employ its own detectives, patrolmen, 
and supervising officers, and not hire 
them from an outside commercial agency. 
Our forebears long ago learned the fallacy 
of such a policy. Police communications 
are not one whit less important. 

The Real Issue is Control: It has been 
charged that APCO opposes the "inter- 
ests" because of self-interest. This means. 
of course, that we dislike the idea of be- 
ing supplanted in our positions by "out- 
side -interests" personnel. 

To a large extent this is true and is, 
the writer thinks, a natural process, be- 
cause no man likes the idea of losing any 
job to which he has devoted his working 
life and personal interest. 

But the charge is basically name-call- 
ing. In reality, it cloaks an issue which 
is much more profound, much more 
serious, and one which is of tremendous 
import to the entire radio communica- 
tions field and its supplying industry. 
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It concerns control of the public safety 
portion of the radio frequency spectrum. 

It is no secret that many services are 
ham -strung because of the lack of assign- 
able frequencies. The police, for exam- 
ple, urgently need frequencies in the 15 - 

me. region for trans -continental work in 

the National Police Communications 
Network. Others are also suffering. 

AT&T is another company which, with 
its urban -highway radiotelephone serv- 
ice, is suffering. Its customers, because 
of the lack of assignable channels, must 
wait in line, so to speak, for service. Both 
AT&T and the customers are unhappy 
about this situation. 

The great laboratories are working 
overtime to find a way around the prob- 
lem. Daily, research is directed toward 
devices with which to extend the useful 
portion of the radio spectrum on the 
high -frequency end. Terms like channel - 
splitting suggest that the research en- 
gineer might be at the end of the line. 
Those who do have a reasonable supply 
of frequencies should be happy. But are 
they? 

Let's imagine now some vast communi- 
cations combine with financial resources, 
business acumen, and engineering skill 
such that it could gradually absorb by 
outright purchase the radio communica- 
tions facilities of police, the remaining 
public safety services and, in fact, all mo- 
bile radio communications. 

Further, conceive that this combine 
rents the radio communications facilities 
back to the original owners, and main- 
tains them with the combine's own per- 
sonnel. (The problem of displaced peo- 
ple would remain with the original ad- 
ministrator.) 

The first loss under this system to a 

police department, or other service, is 

that of primary control. The department 
can, of course, use it at will. But it is 

like renting handcuffs front a corner 
hardware store, or its prowl cars from the 
local u -drive -it establishment! 

But the greatest loss would be that of 
not being identified as the actual con- 
troller of the system. Let's examine that 
point more closely. 

In processing license requests, construc- 
tion permits, and modification permits, it 
is required by the FCC that a respon- 
sible official of the agency involved sign 
the documents. The technical require- 
ments are complied with beforehand by 
the radio engineer employed by the 
agency. This suggests a definite worthi- 
ness and trust in the engineer, so affixing 
the signature becomes a matter of rout- 
ine. 

Under the combine's owner-leaseship 
plans this process must necessarily con- 
tinue. However, it would be our imag- 
inary combine's en'ineers who determine 

Continued on page ¡O 
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Speeding Electronic Progress 
through 

crystal 
research 

The 1K type G-9 is available with 
flexure mode crystals from 4 to 80 kc, 
providing rugged, precise frequency 
control at temperatures in, the -40° 
to +70° C. range. These crystals 
have a high ratio of capacities (C°/C) 
resulting in a high degree of isolation 
from associated circuitry. Consult us 
for application and engineering in- 
formation. 

JK STABILIZED G-9 CRYSTAL 

in the 4 to 80 kc range 

Did you know? Crystals such as 
this are made over two inches long but less than 1/8" 

wide with four separate 24K gold electrodes. The 
performance of JK Crystals requires mechanical 
tolerances so close that they must be checked with 
equipment that will measure one part in ten million. 
Produced in an immaculate, airconditioned plant, 
JK Crystals for the Critical are hermetically sealed 
in an evacuated glass polder to maintain their pre- 
cise frequency accuracy. 

THE JAMES KNIGHTS 
COMPANY 

SANDWICH, ILLINOIS 



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, MACCO 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 

Get acquainted- =1 WITH 

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

NAME 

ADDRESS 

COMPANY 

CITY STATE CT -1 

LEASED EQUIPMENT 
(Continued on page 39) 

and affix on the document the necessary 
technical information. Thereby, the com- 
bine would become the only liaison be- 
tween the agency and the FCC. 

This is to say that between two 
branches of government there would be 
inserted a third party, a non -government 
one at that, whose interest is primarily 
one of financial gain. Is this really a bad 
situation? Let's try to see what could 
happen. 

There are approximately 7,000 police 
radio systems in service today. Now, if 
we assume that the combine is successful 
in luring 30% of these into their plan, 
the combine automatically becomes the 
advisor in technical matters such as fre- 
quencies and licensing to some 2,000 
police radio systems! 

More, the combine suggests that it is 

interested in radio communications as a 

whole. The police licensees are but a 
fragment of the total mobile radio com- 
munications picture. An estimate of 

75,000 licenses in this category seems 
reasonable. Apply the 30% factor (it 
might not stop at 30%) , and the com- 
bine becomes the technical voice of some 
25,000 radio communications systems. 

The combine, or a group of combines 
acting as one, would then be the might- 
iest communications colossus the world 
has seen. It would be able to write prac- 
tically its own ticket regarding the use 

of the radio spectrum. The people of 

the United States don't realize this very 
salient fact. It is devoutly desired that 
they do. APCO does, and is doing some- 
thing about it. 

There is one more point concerning our 
imaginary combine which needs a few 
words, and it concerns Civil Defense. 

Civil Defense authorities on the whole 
are agreed that a successful civil defense 
program is predicated on dependableconl- 
munications people and radio systems. 
With equal surety they point out that 
the systems which will be depended on 
are those which are in operation before, 
during, and after an A-bomb, H-bomb, 
or a civil disaster of castastrophic propor- 
tions. 

But who are these communications 
people and systems? They are, of course, 
police, fire, conservation and other peo- 
ple and systems directly, totally control- 
led by a government entity. The people 
are trained specifically in the work of 
their systems, and they know what to 
do when technical things go wrong. They 
will be on the scene and will not have to 
be called for maintenance. They use the 
radio equipment - the very same that 
the combine proposes to buy and rent 
back! Does more need be said? 

Continued on page 42 

COMC O 
"FLAG H T C O M" 
TWO-WAY VHF 

RADIO FOR AIRCRAFT 
FREQUENCY MODULATED 

25-50 MC - 152-174 MC. 

Provides 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 

71/2 watts 152-174 mc. band 
LOW BATTERY DRAIN 

.PERFORMANCE-identical with ground 
station equipment. 

For details contact your nearest COMCO dealer 

Abe._`-" 
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COMMUNIC TIONS COMPANY', INC. 
CORAL GA9LF5 ). fLORIDA 

speed uP 

tip BONG 

:pRODúct oN, 

GET INTO 
THE 
MASTER 
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RADIO'S 

MASTER 

NEW' 1954 
EDITION 

1370 pages 
Over 85,000 items 
Over 8,000 illus. 
Completely indexed 

e 'lc at your parts d strìbutor 
Publisher's price $6.50 

Make component buying simple and ease the prob. 
lem of product specification. Have complete access 
to the many thousands of items vital to electronic 
research, design and production. You'll find them 
all in the Master with thoroughly complete descrip- 
tions, specs, illustrations and prices . all 
systematically organized in 18 big sections for 
instant reference. For jiffy comparison of products 

use the Master, the only Official Buying Guide 
for the TV -Radio -Electronics industry. It contains 
unabridged catalog data direct from the manufac- 
turers. The Master gives you all the needed facts 
in a single volume. 
Over 100,000 in active daily u e. Get into the Master 
habit. Order your copy today! 

Just a few of the products 
included: Tubes - Test 
Equipment - Tools - Trans- 
formers - Capacitors - 
Resistors - Relays - Coils - Attennas - Recording & 
PA Systems - Hardware - 
Transmitters - Receivers - 
Kits - Wire - Cable . 

and thousands of allied 
products! 

Eliminate 
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Small 

yeMi 
Catalogs and 
Loose 
Literature 

UNITED CATALOG PUB., INC. 
Ile LAFAYETTE ST., NEW YORK 13, N. Y. 
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THE "Field -Proved" STANDARD 

IN COMMUNICATIONS, INTRODUCES A NEW 

TELEPHONE 
HAIL I SET 

Model THIO 

1 

... the first Handset 

specially engineered 
for two-way 
communications 

* 2 -Way Radio 
Communications 

* Inter -Corn Systems 

* Airplane Announce 
Systems 

* P. A. 
Systems 

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 TH10 Handset 
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 
.. no solder 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. 
MICROPHONES and * ACOUSTIC DEVICES 

225 W. Huron St. Chicago 10, III. Cable Address: SHUREMICRO 

formerly FM -TV RADIO COMMUNICATION 

the most widely used 

Electronic Supply 

Guide 

FREE SEND FOR IT 
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ALLIED'S 
COMPLETE 268 -PAGE 

1954 CATALOG 

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 Free 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.204.-4 

Chicago 80, Illinois 

®. AY 
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INSULATION RESISTANCE (READINGS TAKEN UNDER HUMIDITY) 

R00,000 
uEGOMS 

o 
4 1,000 
o uEGONMS 
f/1 

TEMPERATURE 100-102. Fwrn 
RELATIVE HUMIDITY 
93T098% 

Ibo VDC 

RESINITE BI 

RESIN TE AC 

O 20 

TIME IN 

GIVES YOU THE HIGHEST 

INSULATION RESISTANCE OF ANY 

RESINATED PRODUCT 

40 60 00 100 120 

HOURS SUBJECT TO HUMIDITY TEST 

le Tests conducted on .253 I.D. x 
.283 O.D. tubes used on coil 

forms for television receivers. 

Performance data-compiled from laboratory 
tests, actual field operations and reports from manufacturers-prove the outstanding 
operating characteristics of Resinite. In volume resistivity ... low moisture absorption 

. excellent thermal properties ... low power factor ... and resistance to voltage 
breakdown . - - Resinite outperforms all other resinated products. 

Resinite Coil Forms are available with inside or outside threads-slotted, punched 
or embossed. Special three -row threaded design per- 
mits axial pressure in excess of 25 lbs. Torque con- 
trollable to + or -1 inch oz. 

Write today for full details and technical information 

RESINITE 8104 

very high dielectric properties under ex- 
treme humidity. 

RESINITE "AC" 
very high dielectric properties-com- 
pletely immune to electrolytic corrosion. 

RESINITE 104 

for stapling, severe forming and fabricat- 
ing. 

RESINIT CORPORATION 
DIVISION OF PRECISION PAPER TUBE 

2031A West Charleston Street, Chicago 47, Illinois 
79 Chapel St., Hartford, Conn. 

* * * 
You Can'( Fall 

IT'S A LIFE SAVER 

IT LOCKS - IT HOLDS 

Prevents death and injuries 
from falling. 

SAFETY DEVICE FOR LADDERS 
Easy and inexpensive to install: Clamps to rung, 

peg, pole or frame. No welding or cutting. 
Simple to operate: No upkeep. Requires no atten- 

tion from climber. Anyone can use it. 
Safety Specifications: High safety factor. Will not 

rust or corrode. Write for folder. 

Safety Tower Ladder Co. 
1024 Burbank Blvd. P.O. Box 1052 

BURBANK: CALIFORNIA 
Also Manufacturers: Safety Lifeline Lock 

Member 
National Safety Council 
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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, Illinois 
TELEPHONE IRving 8-5355 

COMMUNICATION 

LEASED EQUIPMENT 
(Continued from page 40) 

Here some remarks must be made con- 
cerning a point that should have been 
discussed before. These remarks concern 
those police radio systems which sub- 
scribe either to the AT&T, Motorola, or 
other outside lease and maintenance 
plans. 

With reference to these systems neither 
APCO nor the writer has any criticism, 
real or implied. In reality, it is none of 
our business, but to avoid mention of 
them at all would be playing ostrich. 

It is not known just how many systems 
of this type are in use today. But there 
are a few, and now and then another 
appears. These things just don't happen - somewhere in the process a police ad- 
ministrator has made a decision which 
he considers to be in the best interests 
of his department. 

If it is his first radio system, he may 
have been forced to this choice because 
of the unavailability of a competent radio 
engineer. It could be also that he has 
previously owned his radio system and 
has had an unsavory experience with his 
personnel. 

In circumstances of this type, the 
writer or any other officer or member of 
APCO would be the first to recommend 
an "outside interest" as a remedial meas- 
ure. We would hope, of course, that at 
some future time when circumstances 
permitted he would own again his own 
system - thus insuring complete control 
of his communications. 

The composers of the Resolution were 
well aware of the points just considered. 
These points were, in fact, given a very 
thorough going-over by the Committee 
while in the process of evaluating the is- 

sue, and the final content of the Resolu- 
tion was decided only after so doing. The 
Committee felt, as the Conference later 
did, that the implications of commercial 
control of equipment in the police field 

outweighed any other consideration. 

Conclusion: These comments are being 
concluded with a distinct feeling of relief. 
The article itself was conceived because 
so many of our people lacked informa- 
tion on a most vital subject. It was not 
an easy job. 

The criticism of AT&T was justified, 
but the writer hopes it is clear that its 
decision was under fire, not the many 
fine friends APCO has in the AT&T 
structure. From Dr. Bailey to the new- 
est installation man in a Bell mobile 
service garage we have the highest re- 

spect, and we feel that it is mutual. 
With regard to the theme of this ar- 

ticle APCO has for many years main- 
tained a silent dignity, at least at the 

Concluded on page 44 
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Do you want to INCREASE the range 
of your vehicle radiotelephones? 

As shown in the map above, the Kaar 
Power Booster (for the 152-174 mc 
Band) will more than double the effec- 
tive area covered. Radius, in the above 
example, has been increased from 15 to 
25 miles, area from approximately 700 
square miles to more than 1950 square 
miles. (Comparable improvement 
experienced in the 25-50 mc Band.) 

WHATEVER make of radio- 
telephone or transmitter you 
are using, the Kaar Power 
Booster will increase the range 
from car to car or car to sta- 
tion. Easily installed, the Kaar 
Power Booster is used only 
when needed-the power is 
available instantly-and draws 
current from the vehicle 
battery only when the added 
power is "on the air." 

The performance of your 
present transmitter is actually 
improved even with the Power 
Booster "standing by" because 
of the better antenna match- 
ing provided by the tuning 
circuits incorporated in the 
"Power Booster." 

WRITE FOR COMPLETE 

INFORMATION! 

KARR ENGINEERING CORP 
MIDDLEFIELD ROAD, PALO ALTO, CALIF. 
Canadian Office: 814 Dominion Bldg.,Vancouver, B.C. 

MAXIMUM / Mobile -Radio 

UTILITY for 
Maintenance 

As you add . or change . fre- 
quencies, Lampkin meters will save 
time . .. space ... and money. For 
you can check unlimited numbers of 
channels with just 2 small, rugged, 
instruments! 

MEET 
FCC 

SPECS 

LAMPKIN 105-B 
MICROMETER FREQUENCY METER 

Checks center frequencies of all trans- 

mitters from 0.1 to 175 mc. Shows 

percent error from FCC assignment. 
Act; as precision CW signal gen- 

erator for receiver final alignment. 
Width 13", weight 121/2 lbs. 

Price $220. 

"NO RADIO SYSTEM IS BETTER 
THAN ITS MAINTENANCE" 

LAMPKIN 205 
FM MODULATION METER 

Direct indication of peak voice devia- 

tion, 0-25 kc., positive or negative. 
Tunable 25-200 mc., in one band. 

Doubles as relative field -strength meter. 
Built-in speaker. Simple to operate. 
Width 121/4", weight 14 lbs. Price $240. 

MAIL COUPON TODAY! 
LAMPKIN LABORATORIES, INC. 
PRODUCTION DIVISION 
BRADENTON, FLORIDA 

Without obligation, please send more data on 
Lampkin meters. 

Name 

Street 

City State 
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ebeeee 67 TERMALINE 
DIRECTREADlNG R -F WATTMETER 

30 me to 500 me 
(to 1000 me 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 Wattmeter. 
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, 
accurate and repeatable power readings. 

NON -RADIATING 
... Accuracy - 5% 

RUGGED CONSTRUCTION 
Size-17"x9"x6" 

Wght.- 30 pounds BIRD 
ELECTRONIC CORP. 
1800 EAST 38TH ST., CLEVELAND 14, OHIO 

TERMALINE Coaxial Line Instruments 

NEELY 
ENTERPRISES 

Hollywood Son Francisco 
Albuquerque 

EARL LIPSCOMB 
ASSOCIATES 

LDallas Houston 

INSURE 2 aaiie 
with JONES 

PLUGS & SOCKETS 

P -306 -CCT - Plug, 
Cable Clamp in cap. 

S -306 -AB - Socket 
with Angle Brackets. 

Series 300 Small Plugs & 

Sockets for 1001 Uses 
Made in 2 to 33 contacts for 45 volts, 
5 amps, for cap or panel mounting. 
Higher ratings where circuits permit. All 
plugs and sockets polarized. Knife switch 
socket contacts phosphor bronze, cad- 
mium plated. Engage both sides of flat 
plug - double contact area. Bar type 
plug contacts hard brass cadmium 
plated. Body molded bakelite. 

Get full details in Catalog 18. Com- 
plete Jones line of Electrical Connecting 
Devices, Plugs, Sockets, Terminal Strips. 
Write today. 

f HOwAHD B. JONES DIVISION 
IL.,.+ iHcn r.r,rureCru111.10 co..as.,ic.: 

IYt ' III('AI't; 7I I! ! INlìl' 
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COMMUNICATION 
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." 

ROHN MANUFACTURING CO. 
DEPT. CE 115 LIMESTONE. BELLEVUE 

PEORIA. ILLINOIS PH. 44116 

LEASED EQUIPMENT 
(Continued from page .2) 

national level. In the meantime it has 
pushed with vigor any device made avail- 
able by AT&l' which would improve 
police communications. Several editions 
of the AMU Communications Directory 
bear mute testimony of this fact. If this 
is not clear, the private -line teletype sys- 
tems were pushed to the forefront, and 
not to the rear of these Directories. The 
same applies to the TWX service. 

If further evidence is needed let it be 
remembered that while the Itesoiutions 
committee was deep in its deliberations 
concerning Resolution No. 1, another 
.u -'CO committee was shaping a recom- 
mendation advocating the 'mutilation of 
l'1NX in every slate l'ouce Headquar- 
ters in the Union. The resuntmg resolu- 
tion concerning T Vv X and the pollee 
radiotelegraph service was passed unani- 
mousiy asso at the 1953 Conterence. It 
was recommended to the LACY Confer- 
ence, and passed unanimously there. Ilse 
writer is proud indeed to have been one 
of the chiet proponents of this measure. 
!'here can be no doubt of AYCU objec- 
tivity. 

with respect to the `outside commer- 
cial interests," it is admitted that the 
treatment accorded the issue is a cursory 
one. The issue is, in fact, worthy of a 
volume. 

For example, in relation to AT&T, it 
would have been remarkably simple to 
establish a distinct parallel between its 
present ambitions in the mobile fiend and 
its activities of yesteryear in absorbing 
independent telephone systems to build 
the present wire empire. This premise, 
regardless of its promise, was rejected by 
the writer because, as a communications 
man, he knows that there was a definite 
public need for such an action. 

Neither has the point of organized 
work stoppages been exploited. This 
point, with its connotation of picket lines 
preventing routine maintenance or the 
actual restoration of a broken-down base 
station should never be forgotten! More 
comment should not be needed. 

On the other hand, police radio com- 
munication was developed with no out- 
side assistance. In fact, the writer can 
think of no branch of the communica- 
tions art with which AT&T has had so 
little to do. Its urban -highway service 
was established long, long after police 
radio was a vibrant, functioning reality. 
In its construction, AT&T merely ap- 
plied principles of communication already 
developed in the police radio field. 

In other words, there was, and is, no 
public need for its radio services in law 
enforcement, and other public safety 
services - at least in radio communica- 
tions! 
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NEW LINK s 

MEGACYCLES 

LINK UHF is engineered to the highest standards of 
communications. Its actual use in the field has proved 
its ability to outperform other types of this equipment. 
The LINK production line is ready now to solve your 
UHF problems. 

UNDERDASH OR REAR DECK MOUNT. 

ELIMINATES INTERFERENCE. No need to share 
frequencies with someone else. 

SIMPLE INSTALLATION - LOW MAINTENANCE 
COSTS. 

1954 PRODUCTION 
LINE RUNNING 
AT FULL SPEED 

TO MEET YOUR 
MOBILE NEEDS 

1 11 
IMMEDIATELY AVAILABLE IN THE 

152-174 MC Al . .. c ND 

VOLTAGE INPUT: 6 Volts D.C., 12 
D.C. and 117 Volts A.C. 
RF POWER OUTPUT: 2,10,30 an 
watts. 
AUDIO OUTPUT: 31/2 watts. 
LOW POWER DRAIN. 
AVAILABLE FOR ADJACENT AND SPLIT 

CHANNEL OPERATION. 
FINEST COMP a 

ESIGNED ESPECI LLY FOR 
CIVILIAN DEFENSE USE! 

SERIES 

TURE 

LL INK RADIO CORP ATION 
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Motorola Microwave 
is speeding operations -for many industries 
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Full Load Operations Prove 
MOTOROLA'S WORKING RELIABILITY 

Thousands of miles of multi -channel Motorola micro- 
wave systems-with hundreds of operating stations- 
have been designed, installed and put in daily, non-stop 
operation for leading companies throughout the country. 
Eight of these systems, in use over four years, have 
been in continuous service, 24 hours a day. 

Motorola systems provide dependable, job -proven 
communications for industry, transportation, utilities 
and public services. Microwave and VHF radio tie-ins 
blanket plant areas, railroads, pipelines and entire cities. 
Write today! Discover how you can cut communica- 
tions costs, save man hours and speed operations with 
Motorola Microwave. 
Motorola Systems Are In and Working for These Companies 

Below is a partial list of systems installed and operating, and 
those under construction (*) or under contract (**). 

Pacific Power and Light Co., 
Portland, Ore. 

Brazos River Electric Transmission 
Cooperative, Waco, Texas 

Illinois Power Co., Decatur, Ill. 

Central Illinois Public Service Co., 
Springfield, Ill. 

Pan American Pipeline Co., 
Houston, Texas 

Shell Pipeline Co., Houston, Texas 

Panhandle Eastern Pipeline Co., 
Kansas City, Kans. 

Mid -Valley Pipeline Co., 
Longview, Texas 

Southern Counties Gas Co., 
Los Angeles, Calif. 

-with 20 additional systems under construction 

La Fourche Telephone Co., 
Golden Meadow, La. 

Greenwood Telephone Co., 
Greenwood, So. Carolina 

*Middle South Utilities, Pine Bluff, Ark. 

*Bonneville Power Administration, 
Chehalis, Wash. 

*Sinclair Pipeline Co.. 
Independence, Kans. 

Freeport Sulfur Co., New Orleans, La. 

*West Coast Telephone Co., Everett, Wash. 

U. S. Atomic Energy Commission 

*Dayton Power & Light Co., Dayton, Ohio 

Southern California Edison Co., 
Los Angeles, Calif. 

Job -Proven Microwave 

Motorolá 
Communications & Electronics, Inc. 

A SUBSIDIARY OF MOTOROLA, INC. 

litJ ta. 

The Motorola paraboloid antenna-symbol of 
modern communication systems-beams mulü- 

channel microwave signals to distant repeater 
stations at the Son Francisco airport. 

Simultaneous transmission of numerous (1) voice, (2 tele - 
metering, (3) teleprinting and (4) industrial control signals 

over one radio frequency carrier allows positive, fail-safe 
control of widely separated, remote system facili'ies. 

Job -Proven Microwave ... by the Leaders 

of the 2 -Way Radio Industry 

For Full Details-Write Dept. 2286CE 
900 N Kilbourn Ave , Chicago 51. Illinois Rogers Majestic Electronics Ltd . Toronto, Canada 

IN ANSWERING THIS ADVERTISEMENT, PLEASE MENTION "ITEM 5348 


