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tronger signals at greater distances are BUI LT- IN this new narrow-angle 

antenna. Ideal for serving long stretches of highway, rail or pipe lines, it is equally effective for point-to-point 

communications, or back-to-back with other services. Gains up to 12 DB can be achieved by stacking. Vertically 

polarized, uni-directional, Andrew Corner reflector antennas are available in all mobile communications bands. Put them to 

work for you to INCREASE and IMPROVE your radio coverage. For more information, write us today. 
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RCA 2-Way Radio 

CONTROL 
STATION 
300 FT. 

GREENCASTLE 
600 FT. 

McConnellsburg 
800 FT. 

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

CHAMBERSBURG 
600 FT 

'BELAY STATION 
2300 FTJL. 

HARRISONVILLE 
7¿2 FT. 

FT. LITTLETON 
800 FT. 

HILLTOP RELAY STATION receives 
signals from control station on 73.98 me. 
and from mobile units on 48.54 me. 
Station transmits on 37.58 me. 

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 

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. 132W 
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. 

N ame_ Ti t le_ 

Company_ Address_ 

C i ty - Zone_ Stat e_ 

formerly FM-TV Radio Communication 



PHILCO MICROWAVE PHILCO MICROWAVE PHIL 

POWER HOUSE 
The heart of Philco Microwave is this "Power 

House” klystron . . . with it Philco has the high¬ 
est equipment power output in the 6000-7500 me 
band ... generating a full watt of output power it 
provides Philco Microwave systems with a reli¬ 
ability safetv margin ol 30 decibels (1000 to 1) . . . 
greater assurance of performance under any and 
all field conditions. 

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

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

Look to Philco Microwave for the answer to 
your communications requirements. 

For Complete Information li rite to Department CE 

PHILCO CORPORATION 
GOVERNMENT & INDUSTRIAL DIVISION - PHILADELPHIA 44z PA. 
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Rugged Mobile Communications Service 

NDABLE 
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. 

At all good radio parts jobbers. Ask for the new Form F781 
listing the latest replacement recommendations. 

IT'S RIGHT WHEN ITS RADIART 

RADIART CORPORATION 
CLEVELAND 13, OHIO 

VIBRATORS • AUTO AERIALS 

• TV ANTENNAS .POWERSUPPLIES 

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 AUPIT 

CPA 
CIRCULATION AUDITED BY 

HENRY R. SYKES 
CERTIFIED PUBLIC ACCOUNTANT 
SYKES, GIDDINGS & JOHNSON 
PITTSFIELD, MASSACHUSETTS 



The NEW 

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 

HOW LEADING NETWORKS 
USE CARTER CONVERTERS 

Photo show. 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. 

MAIL COUPON FOR CATALOG 

iííW MOTOR CO. 
2641 N. Maplewood Ave 

Chicago 47 

I Carter Motor Co. 
I 2641 N. Maplewood Ave., Chicago 47 I 
J Please send new catalogs containing com- | 
I píete information on Carter "Custom” Con- I 

I Nam e._ | 

j Address_ j 
I City_ State_ * 

SYSTEMS DATA 
THIS issue’s reporting period for new 

communication applications filed 
with the FCC covers only from Septem¬ 
ber 1 to October 16, because of the ad¬ 
vance in CoiIMI XH ATION ENGINEERINGS 

publication date. Even so, the total 30 
to 50 and 152 to 174-mc. figures for this 
period projected on a 2-month basis are 
down almost to the January-February 
level, the year’s low. The only figures 
in the table below, which shows 2-way 
base, mobile, and portable equipments 
applied for in 30 to 50-mc. and 152 to 
174-mc. bands, that did not decrease 
from those for the July-August period 
were for police, special industrial, ami 
MCC. 

In the low-power industrial service, 
which accounted for slightly less than 
half the total portables, the ratio of ap¬ 
plications in the 160-mc. band to those 
in the 40-mc. band has been steadily in¬ 
creasing and is now almost unity. 

Base and mobile units in the 450-mc. 
band were up substantially over the July-
August period, although down from pre¬ 
vious periods. Actual total for this 6-
week period was 10 base and 252 mobile 
applications, along with several controls 
and relays. 
The complete list of non-tabulated ap-

I plications is given in the following para¬ 
graphs: 

Police: 46 speedmeters on 2,455 me.; 
7 interzone CW transmitters on 2 to 7 

me.; 2 relays on 75 me.. 1 on 157 me., and 
3 on 450 me.; 2 control transmitters on 
71 me.. 4 on 160 me., and 1 on 155 me. 

Fire: 1 relay on 160 me.. 3 on 453 me., 
and 1 on 960 me.; 3 control transmitters 
on 459 me. and 1 on 957 me. 
Highway Maintenance: 12 speed¬ 

meters on 2,455 me.; 80 mobile units ami 
4 base stations on 457 me.; 2 relays on 
75 me., 2 on 158 me., and 2 on 451 me.; 
2 control transmitters on 73 me. and 2 
on 955 me. 
Forestry Conservation: 2 relays on 

157 me. 
Power Utility: 2 relays on 75 me., 3 

on 150 me., and 4 on 1,875 me.; 1 con¬ 
trol transmitter on 75 me. and 4 on 456 
me.; 3 op. fixed transmitters on 950 me. 
and 17 on 1,900 me. 

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

Special Indi striai.: too mobile units 
and 3 base stations on 156 me.; 47 mo¬ 
bile units and 3 base stations on 2 to 4 
me.: 20 mobile units and 3 base stations 
on 27 me.; 2 relays on 74 me. and 2 on 
153 me.; 3 control transmitters on 72 me. 
Belay Press: 2 relays and 1 control 

transmitter on 162 me. 
Forest Products: 100 mobile units 

and 2 base stations on 29 me. 
Transit Utilities: 1 relay and 1 con¬ 

trol transmitter. 

TABLE OF APPLICATIONS FILED SEPTEMBER 1 TO OCTOBER 16, 1953 
TOTAL TOTAL TOTAL - 30 to 50 me.- — — 152 to 174 me. 
MOBILE BASE PORT. MOBILE BASE PORT. MOBILE BASE PORT 

Police . 1,533 127 36 850 78 16 683 49 20 
Fire . 597 40 15 377 26 — 220 1 1 15 
S|>ecial Emergency . 139 51 — 112 44 — 27 7 — 
Highway Maintenance .. 200 13 — 100 11 — 100 2 — 
Forestry Conservation .. 30 29 — 30 16 — — 13 — 

Power Utility . 368 12 6 253 35 — 115 7 6 
Pipeline Petroleum . 318 75 — 300 70 — 18 5 — 
Special Industrial . 1,716 176 123 1,271 118 53 115 28 70 
Low-Power Industrial .. — — 256 — — 33 — — 223 
Belay Press . — 2 — — — — — 2 — 
Motion Pictures. — — — — — — — — — 
Forest Products . 75 4 — 75 3 — — 1 — 
Taxicabs . 1.007 99 — — — — 1,007 99 — 
Bailroads . 735 33 _ _ _ _ 735 33 _ 
Highway Trucks . 378 33 — 378 33 — 
Intercity Buses . — 
Transit Utilities . — 2 — — 2 — — — — 
Auto Emergency . 85 10 — 85 10 — — — — 
Badio Paging . — 8 — — 8 — 
Common Carrier. 175 2 — — — — 475 2 — 
Mise. Common Carrier 620 13 — — — — 620 13 — 

TOTALS . 8,276 759 136 3.831 181 102 4,445 275 331 
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L. G. Young, Bell Telephone Loboratories, Inc., inspects Eimac tubes in LD-T2 transmitter. 

Western Electric multi-channel, single side band 
Transmitters use Eimac tubes in final RE stages 

LD-T2 transmitters designed by Bell Telephone Lab¬ 
oratories, for overseas multi-channel communica¬ 
tions, are another example of Bell System equip¬ 
ment that meets severe performance requirements. 
Manufactured by Western Electric, type LD-T2 
single sideband suppressed carrier transmitters 
operating between 4 and 28 me., handle numerous 

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

Final Three RF Stages 

must meet exacting 

channels simultaneously with outstanding depend¬ 
ability and performance. Naturally, electron power 

For information about Eimac elec¬ 
tron power tubes write our appli¬ 
cation engineering department. 

vacuum tubes in the LD-T2 
specifications. 

EITEL-McCULLOUGH, INC 
San Bruno, C a I i f o r n i < 
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RELAYS 

f 24 HOUR \ 
DELIVERY 

FROM STOCK! 

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

Telephone, wire or write 
for quotations. 

PRODUCT INFORMATION 

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

Tone Modulator: Long-distance telemeter¬ 
ing on audio subcarriers is facilitated by the 
TMU-1 tone modulator unit. Essentially an 
absorption-type device, it modulates any 

fixed-frequency tone input by AC voltage 
from a frequency or impulse-type telemeter 
transmitter. Thus, low-frequency FM tele¬ 
meter signals are su|H*rimposed on an AF 
carrier. Unit is built on a S^-inch standard 
rack panel. Hammarlund Manufacturing 
Company, Inc.. 160 W. 34th Street. New 
York I, N. Y. 

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

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

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

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

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

Miniature Microphones: The MC series of 
magnetic microphones is said to Im* small, 
nigged, and immune to heat and humidity 
extremes. Measuring only 1 in. in diameter 
and % in. thick, these controlled-rehictance 
microphones are available with or without 
mu-metal shield. Detailed technical informa¬ 
tion can l>e obtained from Sales Division. 
Shure Brothers. Inc.. 225 W. Huron Street, 
Chicago 10, III. 

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

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

Continued on paye 7 
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NEW PRODUCTS 
(Continued from page 6) 

Equipment Knobs: A new line of haml-
inachined and engraved durai knobs for elec¬ 
trical equipment provides grounded controls 
which harmonize with any well-designed 
equipment . Backs are recessed, sides are 
tinted, faces are machine-finished; screw-ly|>e 
mounting is employed for standard round or 
half-round ’4-m- shafts. Diameters from 1 
to 2*4 ins. Pacific Transducer Corp.. 11921 
\\ . Pico Boulevard, Los Angeles 64. Calif. 

Control Catalog: Models I and 2 variable 
resistors are dscribed in catalog 42-164. just 
released. Model 1 controls are subminiature 
units rated at 1/10 watt, available with or 
without SPST line switch in low and high-
torque ratings, from 500 ohms to 10 meg¬ 
ohms in 7 standard tapers. Model 2 is a 
standard L-wall control, available from 250 
ohms to 10 megohms in 14 standard tapers, 
with or without switch, ami in single, twin, 
and dual concentric shaft styles, Catalog is 
obtainable from Centralab. 900 E. Keefe 
Avenue. Dept. J-39. Milwaukee 1. Wis. 

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

tery-charging. Plant operation for each is dis-
< ussed. Gasoline. diesel, and gas engine 
drivers are also compared in first cost, in¬ 
stallation. and maintenance expenses, and 
the advantages of each for specific types of 
installation are given, Copies of the Blue 
Book are available from I). \\ . Duan & Sons. 
Inc., Minneapolis. Minn 

New Type of Screened Boom: Bulletin 5 
describes a series of screen-room panels that 
are fully interchangeable and easy to as¬ 
semble. Only 2 panel sizes are needed: they 
can be assembled to make a room of any 
desired size which can be changed later to 
meet the need for expansion or relocation. 
Attenuation from 200 ke. to 413 me. averages j 
III db; meets MIL-S-4957 specification. Ace 
Engineering & Machine Company. 3644 Law¬ 
rence Street. Philadelphia 40. Pa. 

Steatite-Cased Capacitors: The Budroe line 
of paper tubular capacitors has steatite cera¬ 
mic casing ami Poly kaue end seals, was devel¬ 
oped specifically for high-temperature and/or 
high-humidity applications, Capacity range is i 
.0005 to 1 mfd. at 200 to 1600 VDCW. Those 
rated up to 400 VDCW are also rated for 
-40 to 4-90° C.; above this working volt- I 
age temperature rating is —55° to+100 C. I 
All are guaranteed to withstand 250 hours । 
operation at 95^ Bll ami +40 C. Further 
information is given in bulletin NB154. avail- | 
able from Industrial Division. Cornell-Dubilier I 
Electric Corp., 333 Hamilton Boulevard. । 
South Plainfield. N. J. 

Base-Station Accessories: Three new uni- । 
directional base-station microphones, employ- । 

Continued on poge 10 
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SINGLE-SIDEBAND RECEIVERS 

Now! Lower Cost for 
Long Range Communication Units 

We at Crosby Laboratories have 
worked constantly to improve 
long range communications. 
One of these efforts has been di¬ 
rected to the development of 
single-sideband receivers. Today 
the many advantages of single¬ 
sideband receiving techniques 
are of such paramount impor¬ 
tance that no forward-looking 
communication organization 
can afford to be without them. 
Now Crosby takes another 

pioneering step forward in re¬ 
ducing costs of single-sideband 
receivers while simplifying the 
construction of the units. 

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

comprises: 

Do you baie Crosby's new brochures on Single-Side¬ 
band Recciters, Exalted Carrier Receiters, Phase 
Modulation Exciter? They are available on request. 

1. The 25kc carrier filter 

2. The lower sideband filter 

3. The upper sideband filter 

4. The bridging or "roofing" filter 

5. The discriminator filter—AFC circuit 

6. The demodulation filter 

CROSBY LABORATORIES, INC 
Box 233, Hicksville, New York 

formerly FMTV Kaiho Comminicatiox 



the most widely used 

Electronic Supply 
Guide 

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. 20-L-3 

Chicago 80, Illinois 

THIS MONTH’S COVER 
This microwave station on the Am¬ 

erican Bank Building in New Orleans 
is one of <S in the communication sys¬ 
tem of the Freeport Sulphur Com¬ 
pany. The (>.700-mc. system connects 
mine fields on the Louisana Gulf 
coast with Port Sulphur, where sul¬ 
phur is stored and loaded for ship¬ 
ment. and with the New Orleans 
headquarters. Unique in the prob¬ 
lems which had to be overcome, this 
was the first microwave point-to-
point system authorized in the special 
industrial service. A complete de¬ 
scription will appear in a forthcoming 
issue. 

COMPANIES & PEOPLE 
Robert E. Lee: Coming as a surprise 
to most observers, the appointment of 
Commissioner Lee to the FCC for a 
seven-year term was made October 6. 
This appointment brings the FCC up to 
lull strength, comprised of four Republi¬ 
cans and two Democrats, and one Inde¬ 
pendent. Only U. Lee was born in Chi-

1 cago and earned a degree in accounting 
from De Paul University. He received 
training in law at Chicago College of 
Commerce & Law. and worked at audit¬ 
ing until 1938 when he joined the FBI. 
Rising rapidly in that agency, he went 

1 from financial investigator to chief clerk 
in charge of fiscal matters. In 1947. he 

! resigned to head up survey and investiga¬ 
tion for the House Appropriations Com¬ 
mittee. Commissioner Lee is married 

I and has three children. 

Arthur C. Kustad: Promoted to gen¬ 
eral manager of Crosby Laboratories. 
Inc., of Long Island. He was formerly 
with Press Wireless. Inc., and Press Wire-

I less Alfg. Company, coming to Crosby 
originally as production manager. 

Virgil M. Graham: Elected vice presi-
1 dent and member of the Executive Com¬ 
mittee of the U.S. National Committee on 
the International Electrotechnical Com-

I mission. The IEC. of which the ASA is 
the American parent body, is an interna¬ 
tional standardizing organization in the 

i electrical and electronic fields. Air. Gra-
1 ham is director of technical relations for 
Sylvania Electric Products. Inc., and has 

! been active in standardization work for 
I 30 years. 

Edward J. Nally: Died Septemlær 22 at 
his home in Bronxville, N. ' .. at the 
age of 94. Mr. Nally was the first 
president of RCA, serving in that capac¬ 
ity from 1919 until 1923. He continued 

on the RCA board until 1950. Beginning 
his communications career with the 
'Vestern Union Telegraph Company in 
1875, he was appointed assistant general 
superintendent of the "estern Division. 
Postal-Telegraph Cable Company, in 
¡890. He became first vice president and 
general manager in 1900. In 1913 Mr. 
Nally joined Marconi Wireless Telegraph 
Company in the same capacity, and 
served until the company was acquired 
by RCA in 1919. Few have seen such 
sweeping changes in an industry, and 
fewer still have had so much to do with 
them. 

Wire Firm Expansion: The new 25.-
OOO-ft. wing of the Chester Cable Corp.. 
Chester. N. A .. is scheduled for full pro¬ 
duction Nov. 1. Wire and cable for in¬ 
dustrial ami military applications will be 
produced there. 

New Department: The Commercial 
Equipment Dept, has been established in 
General Electric’s Electronics Division to 
concentrate the Company’s efforts in 
TV station equipment, 2-way radio and 
microwave communication, and germa¬ 
nium products. William .1. Morlock was 
appointed general manager: Lacy W. 
Goostree, Jr., manager of marketing: 
Charles M. Heiden, manager of engineer-

Continucd on -page 9 

MEETINGS and EVENTS 
NOVEMBER 12 - 13, 

IRE PROF. GRP. ON VEHICULAR COMM 
Hotel Somerset, Boston, Mass. 

DECEMBER 14 ■ 16, 
SCEL WIRE & CABLE SYMPOSIUM 

Berkeley Carteret Hotel, Asbury Park, N. J. 

JANUARY 18-22, 1954, 
AIEE WINTER GENERAL MEETING 

Statler Hotel, New York City 

APRIL 24, 
CINCINNATI SECTION IRE CONFERENCE 

Cincinnati, Ohio 
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COMPANIES & PEOPLE 
(Continued from page 8) 

ing; and Clair ('. Lasher, manager of 
manufacturing. 

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

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

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

Dr. George M. Anderson: Appointed ¡ 
head of the engineering development | 
group at Edison Laboratory. Thomas A. 
Edison, Inc. He did undergraduate and | 
graduate work at Carnegie Tech and was 
assistant professor of electrical engineer- ( 

ing there for three years. Before joining I 
Edison, Dr. Anderson was with Westing- ' 
house for two years working on atomic 
reactors. 

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

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

Continued on page 14 

SINGLE-INSTRUMENT FM 
MODULATION CHECKING 

25 to 174 megacycles with the NEW Browning MD-33 

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

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

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

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

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

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

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

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

Phone jack ... on front panel. 

Drift . . . obviated by AFC applied to local 
oscillator. 

For detailed information, write for data sheet 

ENGINEERED 

FOR 
ENGINEERS 

BROWNING 
Laboratories, Inc. 
Winchester, Mass. 

formerly FM-TV Radio Communication 9 



TIME 

FHING 
J 

THERM 
A FIRS’ 
FOR 
E VE RYÍ 

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

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

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

RADIO APPARATUS CORPORATION 

MON I T O R A D I O 

55 NORTH 
INDIANAPOLIS 

NEW JERSEY STR.E ET 
4. IND., PHONE: ATLANTIC 1624 

Both of these units ate 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 utilities, forestry 
and railroad personnel, or use as a 
Walkie-Talkie monitor. They can be used 
for intercom between vehicles on two 
frequency systems. These are only a few of 
the uses that are limited only by the 
imagination! They are housed in durable, all 
metal cabinets. Simple to install, universal 
mounting... you have nothing to adjust! 
All units are shipped with crystal installed to 
order and aligned to frequency. 
Available in both 6 and 12 volt versions for 
6 and 12 volt battery ignition systems. 
For information on complete line of fixed 
and mobile communications receivers, 
write for form 22. ' 

and this is the first ti 
mobile FM cr 
has been offered at su 

ne a high quality 
rolled receiver 
li low cost 1

NEW PRODUCTS 
(Continued from page 7) 

ing smaller and more sensitive cartridges than 
previous models, have spring-suspended mov¬ 
ing-coil units to eliminate shock noises. Two 
models, the TU151 and TI 152. are desk-stand 
mounted and are identical except for micro¬ 
phone connectors. The Tl 1 10 is mounted in 
a movable floating arm by means of which the 
mike can be positioned anywhere within a 
3-ft. range of its base. Screwdriver adjust¬ 
ment. provides selection of low. medium, or 
high output impedance. Communications and 

¡Electronics Division. Motorola. Inc.. 1545 
West Augusta Blvd., Chicago 51. III. 

Continuous VSWK Meter: Model II0A X 
band VSWK indicator provides for continuous 

I measurement throughout the range from 8,500 
I to 9.000 me. on waveguide conqionents, with 
Iscales from 1.06 to 2.5. Equipment includes 
oscillator, wavemeter, forward and reversed 

; directional coupler with bolometer take-offs 
j for source and reflected |>ower. and a direct -
reading rationieter. Overall accuracy is with-
1 in simplicity of measurement makes the 
unit useful for production go-no go tests. 
Color Television. Inc.. 1003 E. San Carlos 
Avenue. San Carlos. Calif. 

Subminiature Resistor: Tv|m* 1101 resistor 
is in. in diameter and 13/32 in. long, can 

j Im* wound in values up to 175.000 ohms. Re¬ 
sistance tolerances to dz .1% an ‘ available 
with |>ower ratings of .1 watt. Impregnation 
for tenqieraturr ami humidity resistance. 
Dept. SR. The Da ven Company. 191 (’entrai 
A\mue. Newark I. N. J. 

Miniature Ball Bearings: A very handsome 
20-page booklet offers the latest design and 

I application data on miniature ball bearings, 
j Technical data, supplemented by drawings, 
graphs, tables, and photographs are given for 
ball bearings ranging from .1 to .375 in. OD, 
as well as radial, angular contact, pivot, and 
thrust l»ea rings. Copies can be obtained from 
Miniature Precision Bearings, Inc., Keene. 
N. II 

! Audio Mixer Controls: A new line of vari-
I able attenuators includes ladder, T, II. L. and 
potentiometer configurations up to 32 steps 
Resistive elements are non-inductive, wire-
wound ami hermetically sealed. Temperature 
range is claimed to Im* —10 to -r 100 C.. and 
humidity tolerance up to 959r . Bulletin A-2 
available on request to Hycor Sales Com¬ 
pany of Calif.. II 123 Vanowen Street. North 
I lolly wood. Calif. 

Wire-Wrapping Gadgets: Suitable for 
stranded or solid wire, a new line of wire-

I wrapping tools expedites making neat, fast 
I turns of one or more wires around terminals 

Continued on page 11 



NEW PRODUCTS 
(Continued from page 10) 

in preparation for soldering. Models for small, 
medium, and large terminals are obtainable. 
Contact, Inc.. ¿38 Main Street. Cambridge, 
Mass. 

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

panel of any equipment so that critical volt¬ 
ages can Im* monitored quickly and as often 
as desired. Two models are available, as 
shown: one simply pushes into .347 hole and 
l<M*king tabs spring into position. Other has 
mounting plate that can be fastened with 
spot welds, eyelets, or rivets. Alden Products 
Company. 117 North Main Street, Brockton 
64, Mass. 

Small Indicator Lights: Series L6000 sub¬ 
miniature indicator or warning lights are suit¬ 
able for standard or edge-lit panels, have 
amber, blue, green, red. or white lens. Re¬ 
tiñiré only *2 in. behind panel; lens is 27/64 
in. long for maximum side visibility. Weight 
is about oz. Unit employs standard AN-
3140 lamp. Hetherington, Inc., Sharon Hill, 
Pa. 

Hermetically-Sealed Relays: Union type 
M 6PDT relays are said to be the smallest 
and lightest available. Weight is 3’ j ozs., 
and volume is 0/2 cu. ins. Designed to meet 
MIL-R-5757 A and B specifications, it has a 
minimum life expectancy of 1 million opera¬ 
tions. Standard contact ratings are 2 am¬ 
peres at 26.5 VDC for 100,000 operations; 
these and other ratings can Im* varied on spe¬ 
cial order. Various mountings are available. 
Union Switch & Signal Division. Westing¬ 
house Air Brake Company. Dept. 67. 1789-
1807 Braddock Avenue. Pittsburgh 18. Penn¬ 
sylvania. 

New Banana Plugs: Type FNT banana 
plugs, shown here, are styled for easy gripping 
ami versatility. Units are molded of mica-
filled bakelite; contacts ami screws are nickel-
plated brass. Leads can Im* brought in direct¬ 
ly at base or through hole at bottom. Specif¬ 

ications and prices are obtainable from Com¬ 
ponents Division, National Company, Inc.. 
61 Sherman Street, Malden. Mass. 

Continued on page 12 

an Amphenol 

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

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

bra fid new -the amphenol A-S Catalog con¬ 
tains up-to-date electrical and mechanical 
details on all amphenol A N and special 
connectors. For complete information on 
these, send for your copy of Catalog A-3. 

AMERICAN PHENOLIC CORPORATION 

Chicago 50, 
-- - - — 4^ illinois 

AM PH E Nou 

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

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

AM PHENO 



A new approach to the Rack-and-Panel Connector ; 

problem that provides 30-second replacement and 

single, accessible point of check for all leads: 

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

Chassis side is "blind" making 
leads inaccessible, hard to trace. 

Wiring is congested rats’ nest 
difficult to assemble and service. Leads lack ready 

identification. 

Cannot jump contacts to 
test Connector 

Critical voltages can¬ 
not be positively 
isolated. 

NOW . . . you can organize your connectors so that they 
are spread out and accessible like this — 

For the first time you have 
room to spread out leads, so 
it's no trouble to get at them 
for checks and servicing. 
They’re perfectly identified by 
number and color coding, plus 
space to affix information 
symbols. 

e 

Alden Back Connectors 
drop right into place by 
simplified assembly. De¬ 
signed to avoid surface 

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

All leads are instantly 
accessible, identified by 
number and color¬ 
coding. 

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

Critical Voltages 
isolated by wide 
spacing. 

FOR ANY CHASSIS, it's as simple asTHI5 — 
Take these Standard 

Alden Back 
Cbnnectors 

Back Connectors 
on Your Chassis. 

Alden 
Lock Frame 

Alden Components—^ 

Alden Slide Rails 
Any length 

© 
Alden 

Serve-A-Unit Locks 
any length 

Arrange them 
like this — 

Arrange Alden Side 
Rails (1) and Alden 
Lock Frame ( 2 ) to suit 
your chassis. Alden 
Serve-A-Unit Locks 
(3) mount in your 
chassis to engage pre¬ 
punched holes in Alden 
Lock Frame (2) to 

pilot, draw in, 
lock or eject. Ar¬ 
range Alden Back 
Connectors (4 ) 
in orderly row 
on Alden Lock 
Frame. Mount 

AND YOU GET 

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

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

I Jöön)) H i d £ n Products Co. 

SEND FOR FREE SAMPLES OF 
ALDEN BACK CONNECTORS 
— Also request free "Alden Hand¬ 
book", 226 pages of techniques and 
components for Unitized Plug-in Unir 
Construction. 

NEW PRODUCTS 
I Continued from page 11) 

High-K Ceramics: K Lok ceramic disc 
capacitors combine high capacitance with sub¬ 
stantial stability under environmental ex¬ 
tremes. Capacity is constant, relative to 25° 
C. value, within it 5$1 from —55 to -f- 105’ 
C. and +5, —10# from —55 to d- 125’ C. 
Available in 4 styles with range of 220 to 
1400 mmf. Rated at 1.000 \ IX W al 85* C., 
and 500 VDCW at 125 C.; 10.000 megohms 
minimum insulation resistance. Samples 

I available on n*quest to Eric Resistor Corp., 
i Erie. Pa. 

Wide-Range AC VTVM: Model 1040 
VTVM has a useful frequency range of 7 to 
250,000 cycles. Sensitivity is high, and input 
capacity is low; thus, the instrument is suit¬ 
able for low-frequency vibration studies, fre-

, quency and gain measurements on amplifiers. 
! transmission loss and other measurements on 

filters and carrier systems, and standard main¬ 
tenance work. Weight is 12 lbs., dimensions 

i 4% by 5% by 9% ins. Further details on 
¡ specifications and prices available on request 
I to Freed Transformer Company. 1718 Weir-

field Street. Brooklyn < Ridgewood) 27. N Y. 

Waveguide Attenuator : A new type of 
waveguide at tenualor. Motel X382A. furnishes 
direct readings from zero Io 50 db with aceu-

I racy of .t 2%. No interpolation or charts are 
required. Frequency range is X-band. from 
8.200 to 12.100 me.; VSWR less than 1.15 
throughout range. Power can be fed to either 
end of attenuator. Ilewlett-Packard Com¬ 
pany. 395 Page Mill Road. Palo Allo. Calif. 

Taper Connectors : A brochure now avail¬ 
able gives facts ami descriptions on two types 
of self-locking taper Conner tors for individual 
wires. Round and flat taper pins. tabs, and 
receptacles are specified, and high-speed auto¬ 
matic wire terminators are described. Air¬ 
craft-Marine Products. Inc.. 2101) Paxton 
Street. Harrisburg. Pa 

Miniatur«* Magiwti«* Amplifier : An input 
signal of .2 microampere is sufficient to pro-
duce a usable DC oui pul from model M-21 

1 high-gain magnetic amplifier, (lain is linear 
I with current, al a value of 200. Cost is said 
to Im‘ very low. about 1/3 that of equivalent 

I types, and size is only 2# by 2# by 3 ins. 
; For low-level applications only, with inputs 
i ranging from .2 Io 30 microamperes. Rubis-
sow Elect ronic Research Laboratories. 119 W 
63 rd Sheet. Neu York 23. N 

Telemetering Booklet: Bulletin B226 de¬ 
scribes a new line of indicating or recording 
controllers for temperature, pressure, flow, 
liquid level, and time program. Information 
is given on FM method of intelligence trans¬ 
mission used, application data, and engineer-

I ing specifications. Available from The Bris 
toi Company. Waterbury 20. Conn 

Super-Sensitiv«» Relays: The SS series of 
Continued on page 13 
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NEW PRODUCTS 
• Continued from page 12) 

relays operates on 10 milliwatts or less, resists 
a 10-G vibration, and is available in open or 
hermetically-sealed style. ( on tacts art* silver. 
SPDT. and rated at ¿ amperes. ¿8 VDC or 
115 VAC. Maximum sensitivity, one to two 
milliwatts. Potter and Brumfield. Princeton. 
Ind. 

Side-Indicating Meters: Miniature side-in¬ 
dicating panel meters. Model I HO. furnish 

maximum scale length with minimum panel 
area. Ammeters, voltmeters. \ I . db. and 
other meter types can lie obtained in zero* 
«•enter, left, and right-hand models. Complete 
information can Im* obtained from Interna- ' 
tional Instruments. Inc.. P. (). Box ¿954. | 
New Haven 15. Conn. 

I HF Variable Capacitor: Teflon variable 
capacitors for 500 me. and up are claimed to 
have very low dielectric loss, good heat and 
humidity resistance, constancy of setting, and 
price comparable to other VHF types. A 
wide range of values is available. Information 
«•an be obtained from the Tri-Point Mfg. & } 
Development Company. 401 Grand Street, I 
Brooklyn. N. Y. 

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

LINK RADIO 
TRANSMITTER-RECEIVER 

Type 2365 ED. 3b 

• 25 to 50 Megacycles 

• More Than 30 Watts Output 

• 0.4 uV. Sensitivity for 20 db Quieting 

• 0.002% Frequency Stability 

• Adjacent or Split Channel 
(WITHOUT CHANGING MAJOR COMPONENTS) 

• Universal 6 12 Volt 
Heater Wiring 

• New Ease of Servicing 

oratories. Inc.. Box ¿53. Hicksville. Long Is¬ 
lam!. N. Y. 

\ ariiuin-liiipregnation Book: A recently-
issued revised edition of a ¿4-page brochure, 
catalog 760. describes in detail a with* range 
of typical applications and equipment for 
vacuum-impregnation. Free on request to 
F. J. Stokes Machine Company. 5500 Tabor 
Hoad. Philadelphia ¿0. Pa. 

Concluded on page 37 

ALSO AVAILABLE AS FIXED STATION CONSOLES 
W rite l\otv For Further Details 

LINK RADIO CORPORATION 
125 West 17th Street New York 11, N. Y. 
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A telephone came' system 
that helps keep pace with the growth 

of America's communities and towns is one 
achievement of Lenkurt Electric, the nation’s largest 

inaependent manufacturer of telephone carrier equip-
f ment. Just as one lane roads must grow to two lane and ' 

multi-lane highways, so telephone systems must grow to meet 
their troff:c demands. Lenkurt was first to provide a practical and 
economical means for the expansion of telephone systems on a 
channe'-at-a-time basis. 

Lenkurt "shackable" carrier is an orderly "building-block" system that 
permits phone services to expand whatever amount is necessary — 
without buying more equipment than is needed or paying excessive 
premium for channel-at-a-time expansion. When two voice channels 
are needed in place of one, Lenkurt "stackable" carrier provides the 
one added channel — not three or twelve necessary with previous 
carrier systems. Then later if a second and third carrier channel are 
needed, these can be added one at a time. 

Unlike previous systems suitable primarily for very long circuits, 
Lenkurt's "stackable" carrier is economical on the shorter toll 
circuits which comprise the bulk of all telephone networks. 
Now used on thousands of telephone lines throughout ^B 

the world, "stackable" carrier systems are one 
example of Lenkurt’s contributions to 

bKt- the communications industry. 

COMPANIES & PEOPLE 
(Continued from page !)) 

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

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

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

J. J. Dowling: Elected vice president of 
I Tensolite Insulated Wire Company. Ine.. 

of Tarrytown, N. Y. Tensolite manufac¬ 
tures miniature wire and cable. Mr. 

I Dowling wil] continue as general man-
! ager. 

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

John E. Martin: Appointed Director of 
Research for the Gabriel Company. 

I Graduated from London University in 
1941, he worked during the war on 
naval radar research for the British Ad-

! miralty, and later did antenna design for 
the BBC. Mr. Martin came to this 
Country in 1952 and joined Gabriel 
then. His headquarters will be at the 

1 Needham. Mass. Laboratories. 

Gastonia Plant: A new plant at Gas¬ 
tonia, North Carolina, enclosing 160.009 
sq. ft. is being fitted with machinery and 
equipment by the Pyramid Electric 
Company of North Bergen. N. J. Paper, 
ceramic, and motor-starting capacitors 
will be manufactured in the new plant 
beginning around January 1. I Itimately. 
1,000 persons will be employed there. 

$2.5 Million Order: The Electronics 
Division of Westinghouse Electric Corp. 

i has received a supplementary order in 
that amount from the Air Force for type 

Concluded on page Io 
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LENKURT ELECTRIC CO. 
SAN CARLOS 1, CALIFORNIA 

ELECTRONIC HIGHWAYS FOR A GROWING NATION 
LENKURT “STACKABLE" CARRIER EQUIPMENT PERMITS 

ORDERLY EXPANSION OF TELEPHONE SYSTEMS 



Professional Directory 

^ansLij & tßaifey, ^9nc. 
Consulting 

Radio & Electronic Engineers 

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

Engineering Building 
1339 Wisconsin Ave., N.W. 

Washington 7, D. C. AD 4-2414 

WELDON & CARR 

Consulting 
Radio Cr Television 

Engineers 

Washington, D C. Dallas, Texas 
1605 Connecticut Ave. 4212 So. Buckner Blvd. 

JOHN D. TRILSCH CO. 
TOWERS for 

RADIO • TELEVISION 
COMMUNICATION 

1310 McKinney Ave., Houston, Texas 
Phone: ATwood 9351 

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. 
7349 Beverly Blvd., Los Angeles 36, Calif. 

RUSSELL P. MAY 
CONSULTING RADIO ENGINEERS 

★ ★ ★ 

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

Kellogg Building Republic 3984 

Member AFCCE 

W O It S II O I» 
ASSOCIATES 

. DIVISION 
it THE GABRIEL COMPANY 

Specialists in 
High-Frequency 
Antennas 

Endicott Street Norwood. Massachusetts 
NOrwood 7-3300 

COMPANIES & PEOPLE 
(Continued from page 14) 

MW high-frequency transmitters. Pre¬ 
vious order ($3 million) for the equip¬ 
ment. operating on % to 30 me., was de¬ 
livered last year. 

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

Transportation Registry: Now in 
preparation, the 1953 edition will be off 
the press in the latter part of November. 
Priced at $2.00, this Registry will list 
all communication systems operated by 
taxicab, railroad, highway truck, inter¬ 
city bus. transit utility, and auto emer¬ 
gency companies. Each system is listed 
alphabetically by state and city, giving 
name and mailing address, base station 
location, number of mobile units and base 
stations, call letters, frequencies, equip-
ment make, and special notes. Informa¬ 
tion requests and orders should be ad¬ 
dressed to Registry Editor. Radioconi. 
Inc., The Publishing House, Great Bar¬ 
rington. Mass. 

Jack Colvin: Appointed director of en¬ 
gineering for (¡ates Radio Company. Mr. 
Colvin, formerly with Commercial Radio 
Company of New York, the American 
Broadcasting Company, and RCA. re¬ 
places Fred O. (¡rimwood who died in 
April. 1952. 

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

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

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

Professional Directory 

KEAR & KENNEDY 
Consulting Radio Engineers 

1302 18th St., N. W. Hudson 3-9000 

Washington. I). C. 

GEORGE P. ADAIR 
Consulting Engineers 

Radio. Communications, Electronics 

1610 Eye Si., N.W. Executive 3-1230 

Washington 6, D. C. 

specialists 
MANUFACTU«»S OF X RADIO COMMUNICATIONS ANTENNAS 

12A15 EUCLID AVENUE 

CLEVELAND 6, OHIO 

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 

MEASUREMENTS 
CORPORATION 

Harry W. Houck Jerry B. Minter 
John M. van Beuren 

Specialists in the Design and 
Development of Electronic Test Instruments 

BOONTON, N. J. 

FRANK H. MclNTOSH 

Consulting Radio Engineer 

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

MEtropolitan 8-4477 

formerly FM-TV Radio Communication 



Products of Pye scientific research cover 

ever-widening fields of application. 

Information gained through experiment on each 

project is constantly used to develop 

and improve all allied manufactures. 

Through advances thus achieved Pye lead the world 

in quality and design of radio, television 

and telecommunications equipment. 
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Gain Antennas for 450 Me. 
HOW SUPPORT PIPES AND FEED CABLES SITUATED NEAR GAIN ANTENNAS 
AFFECT HORIZONTAL AND VERTICAL RADIATION — By EDWARD F. HARRIS"' 

THE use of gain antennas at base stations, while recognized 
as an advantage at the lower communication frequencies, 

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

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

Horizontal Directivity: The antenna employed in these 
tests was a Mark Products model ('-3455. a 3-element colinear 
array employing extended spacing between elements and de¬ 
livering 4 db gain over a half-wave dipole, when mounted in 
the clear1. The measurements hold, in general, for the higher-
gain base-station array such as the Mark C-7455, a 7-element 
unit: the Workshop 6-HW: and the Andrew 4000. Fig. 1A 
shows the measured vertical radiation pattern of the C-3455 at 
460 me. The total beam width is 28° when mounted in the 
clear. Fig. IB is the measured horizontal pattern and, in ef¬ 
fect, provides a calibration for the measurement setup. Since 
the array has good symmetry, the total variation in the hori¬ 
zontal pattern is less than .5 db; this pattern can be employed 
as a basis of comparison. 

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

•Chief Engineer, Mark Products Company, 3547-49 Montrose Avenue, Chi¬ 
cago 18, 111. 

1E. F. Harris, “UHF Mobile Antenna,” Electronics, May, 1953. 

FIG. 1. RADIATION PATTERN OF GAIN ANTENNA MOUNTED IN THE CLEAR 

radiating aperture. Two sizes of pipe were used. A %-in. 
tube was used to simulate a cable running by the antenna and 
to provide data on reflecting members of relatively small di¬ 
ameter; a 2%-in. pipe was used to simulate actual support 
members. 

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

FIGS. 2A THROUGH 2D. HORIZONTAL RADIATION PATTERNS OF NORMALLY OMNIDIRECTIONAL AN'ENNA WITH PIPES OF TWO SIZES MOUNTED NEARBY 

former! V FM-TV Radio Communication 



FIGS. 2A-2D. THESE CURVES ARE FOR Vl AND 23a-IN PIPES SPACED .2 TO 2 WAVELENGTHS FROM THE ANTENNA 

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

In the spacing range of .7 wavelength, the patterns indicate 
that the possibilities for general-eoverage applications are quite 
good. Although the pattern is a distinct 3-lobed figure, the 
total variation using the %-in. reflector is only 4 db; with the 
2%-in. reflector, this increases to 6.5 db. 

With a 39-in. spacing (1.5 wavelength) and the 2%-in. 
pipe. Fig. 2G. the total variation is 5 db. This amounts to 
:t 2.5 dl> around the median circle. If the median level is as¬ 
sumed to be that of the antenna gain in the clear, and it is 
assigned a value of 4 db above a dipole (for the C-3455) , the 
antenna gain even in the dips of the pattern is still some 1.5 
db above a dipole in the clear. With a higher-gain base-station 
antenna, such as the C-7455 which has a free-space gain of 
some 7 db, the level in the minima of the pattern with the 
antenna mounted 39 ins. from a 2^8-in. pipe is 4.5 db above 
that of a free-space dipole. Also, this increases to 9.5 db over 
a dipole in maximum directions. However, it is evident that 
the important considerations are the median level and the 

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

total db variation from this value. The 39-in. spacing is read¬ 
ily obtainable in most field installations, and seems to be op¬ 
timum for the conditions shown. This holds, of course, only at 
450 me. 

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

Continued on page 41 

FIGS. 3 AND 4. HOW DISTANCE FROM TOP OF SUPPORT PIPE AFFECTS THE VERTICAL RADIATION PATTERN, FOR TWO LATERAL SPACINGS FROM PIPE 
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Advantages of FCC Form 400 
WHY FORM 400 WAS ADOPTED, AND HOW IT INCREASES FLEXIBILITY AS 
WELL AS APPLICATION PROCESSING EFFICIENCY — By MERLE E. FLOEGEL-’ 

JANUARY 5, 1953 is perhaps one of the most important 
liâtes in the history of the Safety and Special Radio Serv¬ 

ices Bureau of the Federal Communications Commission. On 
that date FCC form 100, and the associated rule changes neces¬ 
sary for its implementation, became effective. This action on 
the part of the Commission is very significant. There was 
more involved than the adoption of a new application form 
for the Public Safety. Industrial, ami Land Transportation 
Radio Services. 

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

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

1. Reduce the time required to process each application, and 
•i. If possible, reduce the number of applications required 

for modifications of existing authority. 
Several months before the adoption of the new form, a 

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

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

Insofar as the Public Safety. Industrial, ami Land Trans¬ 
portation Radio services are concerned, this action has reduced 
considerably the number of applications in which authority to 
replace equipment is requested, and time formerly spent in 
processing such applications can now be devoted to applica¬ 
tions for new facilities. Licensees should be very careful, 
though, when changing equipment to be sure that the new 
equipment is in fact on the list.1 Special authority is required 

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

’Editor’s Note: The complete list of approved types, with additions and 
revisions as of May 1, 1953, is contained in the Appendix to the Registry 
of Public Safety Systems, published by Communication Engineering. 
The list of approved transmitters is not distributed by the FCC. 
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to operate unlisted eipiipment. Such authority is listed on the 
authorization under ■‘Special Conditions.” 

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

' rhe power uhuh may he used by a station in these serv¬ 
ices shall be no more than the minimum required for satis¬ 
factory technical operation commensurate with the size of the 
area to be served and local conditions w hich affect radio trans¬ 
mission and reception.” ( I nderscoring supplied.) 

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

For example, suppose a base station transmitter is located 
at 1334 Main Street, and it is desired to move it to 5678 Spring 
Street. The new location — 5678 Spring Street. — and the 
new geographical coordinates should be shown in Item 3; the 
new antenna height should be shown in Item 7; the box oppo¬ 
site the word "Modification” in Item 16 (a) should be checked; 
and the nature of the desired modification, which in this case 
would be “change location of base station transmitter,” should 
be stated in Item 16 (b) . 

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

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

Continued on page 37 
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Tower Rules 
SIMPLIFIED PRESENTATION OF FCC 
RULES ABOUT ANTENNA STRUCTURES 

ON June 30, 1953. a recapitulation of FCC Rules Part 17, 
concerning construction, marking, and lighting of an¬ 

tenna structures, was published in the Federal Register. This 
incorporated all revisions up to and including that of June 3, 
1953. Since it supersedes all previous material in Part 17, this 
information is presented here in rearranged and simplified 
form for quick reference. 

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

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

2) When the overall height of the antenna structures will 
exceed one ft. above an established airport landing area1 eleva¬ 
tion for each 200 ft. from the nearest boundary of the landing 
area, unless the overall height is less than 20 ft. or the antenna 
is mounted on an existing man-made structure or natural for¬ 
mation and does not increase the overall height of the structure 
or formation by more than 20 ft. 

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

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

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

Antenna structures over 170 ft. up to and including 500 ft. 
in overall height require aeronautical study if a) they are 
to be located in areas of established coastal corridors2, or if 
b) antenna structures less than 500 ft. high would necessitate 
raising the minimum flight altitude within civil airways3 and 
designated air traffic control areas,4 or c) if the antenna struc-

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

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

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

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

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

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

a) In instrument approach areas,5 more than 100 ft. above 
the ground or 100 ft. above the elevation of the approach end 
of the runway, whichever is higher, within 3 miles of the run¬ 
way ends and increasing in height above ground at the rate 
of 25 ft. higher for each additional mile of distance from 
the runway ends, but not to exceed 250 ft. within ten miles 
of the runway ends. 

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

•An approach surface is an imaginary nc lined plane through the air space located 
directly above the approach area. An instrument approach area is an approach 
area wherein instrument approaches are authorized. Dimensions of approach 
areas are measured horizontally. The approach surface extends upward and out¬ 
ward from the beginning of the approach area at the elevation of the runway, at 
both ends. 
The approach area has a length of 10,000 ft. beginning at 200 ft. (1,000 ft. 

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

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

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

c) Any elevation which would increase the final approach 
minimum flight altitude.7

d) The approach surface, horizontal surface,8 conical sur¬ 
face.1* or transitional surface. 10

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

’The final approach minimum flight altitude is that normally established by the 
highest point within 5 miles of the center line of the final approach course of the 
radio facility used for final let-down, extending for a distance of 10 miles along 
this course outward from the radio facility. These altitudes are published in 
Instrument Approach and Landing Charts and the Elight Information Manual. 
’The horizontal surface is an imaginary plane, circular in shape, 150 ft. above the 
established airport elevation and having a radius from the airport reference point 
according to the following table: intercontinental express airports and Dept, of 
Defense air bases, 13,000 ft.; intercontinental airports, 11,500 ft.; continental 
airports, 10,(XX) ft.; express airports, 8,500 ft.; trunk line airports, 7,000 ft.; 
feeder airports, 6,000 ft.; smaller airports, 5,000 ft. 
•The conical surface is an imaginary surface extending upward ami outward 
from the periphery of the horizontal surface, having a slope of 20 to 1 measured 

structures presently existing or authorized are affected by these 
criteria. 

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

Continued on page 43 

in a vertical plane passing through the reference point. Measuring radially out¬ 
ward from the periphery of the horizontal surface, the conical surface extends 
for a horizontal distance of 7,(XX) ft. for intercontinental and intercontinental 
express airports and Dept, of Defense air bases; 5.(XX) ft. for continental, express, 
trunk line, and feeder airports; and 3,000 ft. for all smaller airports. 
^Transitional surfaces are imaginary inclined planes at right angles to the run¬ 
way, with a slope of 7 to 1. extending upward and outward from lines para De 1 
to and level with the runway. These lines are at horizontal distances from the 
runway equal to half the minimum width of the approach area. Transitional sur¬ 
faces extend from the edges of all approach surfaces to the intersection with the 
horizontal surface or conical surface. Approach surfaces for instrument runways 
projecting through and beyond the limits of the conical surface have transitional 
surfaces extending to 5,000 ft. measured horizontally and at right angles to the 
edges of the approach surfaces. 
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Project Tinkertoy 
DESCRIBING A NEW CONCEPT OF MECHANIZED PRODUCTION, AND THE TECH¬ 
NIQUES WHICH HAVE MADE IT POSSIBLE OF REALIZATION IN PILOT RUNS 

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

AN automatic production line for the manufacture of elec¬ 
tronic products, and a novel system of electronics design 

which makes this possible, have been developed by the Na¬ 
tional Bureau of Standards. The program which resulted in 
these developments was code-named Project Tinkertoy.* 

Starting from raw or semi-processed materials, machines 
manufacture automatically ceramic materials and adhesive 
carbon resistors, print conducting circuits, and mount resistors, 
capacitors, and other miniaturized component parts on stand¬ 
ard, uniform steatite wafers. The wafers are stacked much 
like building blocks to form a module capable of performing 
all the functions of one or more electronic stages. Auto¬ 
matic inspection machines check physical and electrical char¬ 
acteristics of the wafers and the parts thereon at numerous 
stations along the production line. The completed module is 
a standardized, interchangeable subassembly combining all of 
the requirements of an electronic circuit with ruggedness, re¬ 
liability, and extreme compactness. 

’Sponsored by the Navy Bureau of Aeronautics. 

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

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

Each module, as shown in Fig. 2, consists of some 1 to 6 
thin ceramic wafers bearing various circuits associated with 
a specific stage. A number of individual modules are com¬ 
bined to form a major subassembly. The composition of 
modules into major subassemblies is possible because there 
is great similarity between circuits and parts of circuits in 
modern equipment. 

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

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

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

FIG. 2, LEFT: CERAMIC WAFER ON WHICH IS MOUNTED THE INDIVIDUAL 
CIRCUIT COMPONENTS, ANO COMPLETED MODULE CIRCUIT SUBASSEMBLY 
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_ __ __ MECHANIZED ASSEMBLY LINE-

FIG. 4. DIAGRAM OF THE NBS-DEVELOPED COMPLETELY AUTOMATIC PRODUCTION LINE FOR MANUFACTURING AND TESTING CIRCUIT SUBASSEMBLIES 

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

The system is based almost entirely on the use of bulk or 
semiprocessed materials, since the MPE line produces all the 
large-quantity parts except for the tubes. Joining modules 
together to form subassemblies can also be accomplished by 
machines. The pilot plant is designed for a production goal 
of 1.000 modules per hour. 

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

In the AIDE design system the conventional circuit dia¬ 
gram of the tested electronic model is dispensed with. All nec¬ 
essary production programming information is given on a work 
sheet. Each work sheet contains the front and back outlines 
of six wafers with appropriate numbering to identify each 
notch in the wafers, each riser wire, and the component (s) to 
be mounted on each wafer. The engineer translates his con¬ 
ventional wiring diagram to an AIDE diagram. He indicates 
the position of the piece and its proper value and tolerances. 
Lines are drawn to indicate how the circuits between wafers 
are to be connected. 
FIG. 3. BELOW: CONVENTIONAL HAND-ASSEMBLED UNIT, MPE COUNTERPART 

FIG. 5, RIGHT: CERAMIC WAFER MOLDING MACHINE WHICH CAN OPERATE 
AT THE RATE OF 2,800 PIECES PER HOUR. WAFERS MUST THEN BE CURED 

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

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

Mechanized Production: The AI PE process consists of the 
mechanized production of ceramic wafers, titanate capacitors, 
and tape resistors, as well as their automatic assembly and 
inspection. In some military equipment a single chassis may 
have as many as 10(1 resistors and 100 capacitors. Facilities 
of the pilot plant provide for the manufacture of nearly all 
these pieces from raw materials. 

Steatite wafers and tube sockets are processed from talc, 
kaolin, and barium titanate. After thorough mixing, milling, 
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and drying, the pieces are stamped out at about 2,800 per hour 
by the machine shown in Fig. 5. They are cured at 2,300° 
I', in a tunnel kiln. Then, the pieces are mechanically gaged: 
all that do not conform to close tolerances are rejected. 

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

Titanate capacitor bodies are manufactured in much the 
same manner as the ceramic wafers. The capacitor is a non-
porous ceramic composed usually of magnesium, barium, cal¬ 
cium, and strontium titanates of high purity, with organic 
binders and water. After firing, it is about % in. square and 
1/50 in. thick. Capacity values can be varied from 7 mmf. to 
.01 mfd. by changing the relative proportions of the constit¬ 
uent minerals. Raw material batches weighing about five 
pounds will produce about 100.000 capacitors. 

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

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

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

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

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

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

FIG. 6, LEFT: WAFERS ARE PRINTED ON BOTH SIDES IN THIS MACHINE 

FIG. 7, BELOW: A VIBRATORY BOWL FEEDER WHICH ORIENTS THE WAFERS 
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FIG. 10. ONE OF THE AUTOMATIC FACTORY'S SURFACE TINNING MACHINES 

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

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

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

FIG. », BELOW: THIS MACHINE BONDS UP TO 4 CAPACITORS ON A WAFER 

FIG. 11, RIGHT: PART OF THE MODUIE ASSEMBLY SECTION OF MPE PLANT 

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

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

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

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

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

Uniform component parts, including wafer-mounted coils, 
toroids, potentiometers, and crystals, can then be assembled. 
The complete assembly of the module is accomplished in a sin¬ 
gle machine. Fig. 1 1. Six vibratory feeders issue the wafers to 
a loading device that holds the wafers in an upright position 
between sets of jaws. A chain drive carries the jig to a solder¬ 
ing position at which six riser wires are guided into appropriate 

Continued on page 46 
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COMM UN I CAT ION REVI E W 

T
HE Associated Police Communication Officers adopted 
a resolution at the recent annual meeting in Detroit 
concerning AT&T’s statement of policy with regard to 

interconnection of Telephone Company facilities with private 
or municipal communication systems. It will be recalled that 
the offer was made to purchase such systems, where practi¬ 
cable. and to lease them to the original owners. Apco’s reso¬ 
lution called on the International Association of Chiefs of 
Police to "take cognizance of this nation-wide and concerted 
. . . effort by . . . outside interests trying to inject themselves 
into this vital and sensitive internal function of our law en¬ 
forcement agencies, and that its members resist this effort to 
the best of their ability and in the best interests of police 
administration.” 

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

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

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

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

'See the extensive discussion of this matter in CommNNtrafton Review, 
last issue of COMMUNICATION ENGINEERING. 

EQUIPMENT FOR 2-CHANNEL TRANSMISSION ON BROADCAST FM CARRIER 

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

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

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

Probably Major Armstrong used two broadcast programs 
for demonstration purposes because they provided the most 
severe test of his method of multiplexing. It is a relatively 
simple matter to substitute two narrow-band voice channels 
for the second 8.000-cyc)e program channel. 

Under 15.000-cycle modulation on the first channel, and 
8.000 cycles on the second, the signal-to-noise ratio was better 
than 70 db with 1 millivolt at the input of the receiver. 
Cross modulation in the second channel from the first was 
better than 60 db below the program on the second channel. 
The effect of the second on the first was insignificant. 

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

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

" The figures, 1 believe, clearly indicate that efficient usage 
of the 88 to 108-megacycle FM band is not being made by the 
broadcasting industry. Therefore, any radio service which is 
not making effiicent use of its available frequencies is. in my 
opinion, in a somewhat untenable position with respect to 
justifying its right to retain all the frequencies allocated to it. 

“In view of the figures previously mentioned. I fear that 
the FM broadcast service may find itself in such a position in 
the face of the constant demand for additional frequencies by 
the non-broadcast services already authorized, as well as de¬ 
mands for the establishment of new services which would also 
require additional frequency allocations. Many of the estab¬ 
lished services are operating under extreme conditions of fre¬ 
quency congestion, and additional spectrum space for those 
services could provide for more efficient operation and per-

Communication Engineerixg November-December, 1953 



haps a broader scope of permissible communications.” Cer¬ 
tainly, food for thought. Current general opinion is that part 
of the FM band would be ideal for reallocation of present 72 
to 76-mc. assignments. 

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

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

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

Most technical conventions and meetings are so pre¬ 
occupied with TV and computer papers that communication 
problems get short shrift. Thereby, the annual meeting of the 
IRE Professional Group on Vehicular Communication assumes 
additional importance. Theme of the meeting on November 
12 ami 13 at the Somerset Hotel, Boston, is “Design, Planning, 
and Operation of Mobile Communications Systems.” Chair¬ 
man of this year's meeting is 1*. R. Kendall. The program 
follows: 
First Session — Moderator. Beverly Dudley. Chairman Bos¬ 
ton Section. IRE. 

1) “Address of Welcome,” by the Moderator. 
2) “Integrating Microwave and Mobile Radio Systems,” 

by J. R. Neubauer, RCA. 
3) “A Commissioner’s Reflections on the Mobile Radio 

Service,” by E. M. Webster, Commissioner, FCC. 
Luncheon — Keynote address by The Honorable Donald S. 
Leonard, Commissioner of Police, Detroit, Mich. 
Second Session — Moderator, Waldo A. Shipman, Chairman 
National PGVC. 

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

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

6) "Electronics in Action.” film by Raytheon. 
7) “The Knee of the Nose.” by R. P. Gifford, General Elec¬ 

tric Company. 
8) "Maintenance of Mobile Equipment,” by AL G. Steele, 

New England Telephone Company. 
Timm Session — Moderator, Frederick T. Budelman, Past 
Chairman, National PGVC. 

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

10) “Mobile and Fixed Radio Relay Operation in the 
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Power Radio Service,” by G. E. Dodrill, Rural Electrification 
Association. 

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

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

13) Discussion and question period. 
Copies of the proceedings will be available from the PGVC. 

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

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

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

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

J^_EPRESENTATI\ ES of the petroleum, railroad and 
utilities industries and the RETMA Microwave Section will 
meet December 2 and 3 at San Antonio to prepare a final draft 
of recommended rules on microwaves for submission to the 
FCC. It is probable that the recommendations, which may be 
submitted by January 1. will be general and will include the 
suggestion that licenses be issued for systems rather than in¬ 
dividual stations. 



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

THE era when a radio communication circuit consisted of a 
single-channel point-to-point system came to an end some 

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

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

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

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

History of Multiplexing: Multiplexing of communication 
circuits is accomplished primarily with two basic types of 

FIG. 1. DIAGRAM OF TYPICAL FREQUENCY DIVISION MULTIPLEX SYSTEM 

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

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

•Engineering Representative, Lenkurt Electric Company, San Carlos 1, Calif. 
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menting with vibrating-reed types of equipment in an effort 
to supply more than one telegraph circuit on a single pair of 
wires. 

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

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

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

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

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

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

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

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

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

One of the most important advantages of frequency divi¬ 
sion is the comparatively narrow transmission bandwidth re-
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FIG. 4. FREQUENCY ALLOCATIONS FOR FOUR-CHANNEL CARRIER SYSTEM 

quired. Single-sideband frequency division systems can supply 
a voice channel 3,400 cycles wide in 4,000 cycles of bandwidth. 
This narrow bandwidth permits extensions of frequency divi¬ 
sion systems on cables and open-wire lines without bringing 
each channel down to voice frequencies. 

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

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

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

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

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

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

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

Each of the voice channels modulates a different carrier 
which translates it to a channel above the 3,200-cycle range. 
In multiplexing systems, the subcarrier frequencies usually 
range from just above the highest frequency in the voice 
band to the practical upper limit of the transmission medium 
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FIG. 6 GROUP MODULATION USED IN A 12 CHANNEL SYSTEM 
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(the highest permissible modulation frequency in micro¬ 
wave systems.) 

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

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

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

From the hybrid, the incoming signal is sent through a 
low-pass filter designed to limit the intelligence to the chosen 
range, in this case 200 to 3,200 cycles. The 200 to 3,200-
cycle signal is then applied to a modulator. A number of 
different types of modulation and modulators are used in 
various carrier systems. In this case, amplitude modulation 
employing a balanced ring modulator is used. This is the 
most common type of modulation now being used in carrier 
systems. 

A typical balanced modulator used for a suppressed-carrier 
system is diagrammed in Fig. 3. Theoretically, the output 
of this modulator is only the upper and lower sidebands, the 
voice frequencies and the carrier frequency being balanced 
out. Practically, there is some carrier leak, but it is usually 
attenuated sufficiently that it does not affect the system. 

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

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

In the frequency allocation diagram. Fig. 4, it will be 
noted that the lowest frequency containing voice intelligence 
is 8 kc. The frequencies between 200 and 8.000 cycles have 
two functions in radio multiplex systems. An order wire or 
service channel usually is assigned from 200 to 3.200 cycles. 
Signaling can be assigned to the 4 to 8-kc. band with all the 
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signaling tones for a 12-channel system accommodated therein. 
The modern trend in carrier system applications, however, is 
toward signaling associated with each voice hand. When the 
4 to 8-kc. band is not used for signaling, it may be assigned 
to telegraph tones or to control, alarm, and supervisory tones 
for the radio and carrier equipment. 

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

Lenkurt types 45 and 33C carrier systems are typical of 
those system which, utilize group modulation to obtain 
many channels. Type 451) equipment, which in one fre¬ 
quency allocation provides as many as 72 channels for radio 

The original 200 to 3.200-cycle voice-frequency intel¬ 
ligence, translated by the carrier to a higher frequency and 
amplified for transmission, forms one half of a communica¬ 
tion circuit. In telephone terminology, this is a one-way 
circuit and may be referred to either as an east-west or west-
east channel, depending on the direction of transmission. 
The other half of the circuit can be formed in exactly the 
same way, with equipment at the far terminal exactly dupli¬ 
cating that at the near terminal. 

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

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

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

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

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

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

Each 12-channel basegroup is modulated with one of 
five carriers to create a supergroup with a total of (¡0 channels 
between 312 and 552 kc. In the last stage of the 72-channel 
allocation, the supergroup is translated to the band from 
60 to 300 kc. and one basegroup is translated to the band 
from 8 to 56 kc., thus forming 72 channels between 8 and 
.300 kc. This sequence of translation is in accordance with 
international agreements. A diagram illustrating the process 
is given in Fig. 7. Attenuation-frequency characteristics of 
type 45A pregroup and basegroup filters are plotted in Figs. 
8 and 9, respectively. 

Lenkurt type -151) systems are designed especially for 
radio and operate on a true four-wire basis with identical 
frequencies used for both directions of transmission. There¬ 
fore, formation of the channels for the opposite path accom¬ 
panying the 72 channels described above is identical. 

Continued on page JO 
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FIGS. 1 AND 2. FRONT AND REAR VIEWS OF RACK MOUNTED RECEIVER, 
WHICH INCORPORATES ITS OWN POWER SUPPLY ON THE SAME CHASSIS 

150-Mc. Point-to-Point & Relay Units 
WIDE-BAND FM EQUIPMENT OPERATING AT 150 MC. HAS BEEN DEVELOPED 
FOR VARIOUS MULTI-CHANNEL POINT-TO-POINT AND RELAY APPLICATIONS 

IT is well known that point-to-point systems operating in 
the 150-mc. frequency range have certain distinct advant¬ 

ages with respect to those which utilize the higher frequencies. 
Depending on the specific application and the location of the 
system, these advantages often outweigh the limitations im¬ 
posed on bandwidth by government regulations or by equip¬ 
ment factors. The equipment described here1 was developed 
specifically for multi-channel point-to-point or relay applica¬ 
tions in the 150-mc. band. 

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

Operating frequency range of the equipment is 152 to 174 

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

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

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

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

All units are built on standard 19-in. rack panels. The 
transmitter modulator and power output panel is 8% ins. high; 
the transmitter power supply panel is 15% ins. high, and the 
receiver panel is 12% ins. high. These units fit in an open¬ 
front cabinet with a rear door. Overall dimensions of the 
cabinet are 42% ins. high by 23% ins. wide by 19 ins. deep. 

FIGS. 4 AND 5. TOP AND BOTTOM OF THE 755C TRANSMITTER CHASSIS 
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FIG 3, AT TOP: 755C RECEIVER 

FIGS. 6 AND 7, ABOVE AND LEFT: 
DIAGRAMS OF THE 755C TRANS 
MITTER AND ITS POWER SUPPLY 

Receiver: Front and rear views of the receiver chassis are 
given in Figs. 1 and 2. The circuit is a double-IF single-fre¬ 
quency crystal-controlled superheterodyne, as the diagram in 
Fig. 3 shows. Threshold signal is 135 db below 1 watt, or 
about 1.6 microvolts. A 6BK7 used in a NODAN (Noise 
Operated Device Anti-Noise) circuit furnishes an alarm signal 
when the input signal drops below a given value. 

Input impedance is 50 ohms: output is 600 or 150 ohms. 

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

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

Front, top. and bottom views of the 747 power amplifier 
are given in Figs. 8. 9. and 10 respectively. Phis is basically 
a 100-watt push-pull output stage employing a pair of IX 
l50A’s. The power supply is on a separate chassis. 

Concluded on page 46 

FIGS. 11 AND 12, TOP RIGHT: THE COMPLETE 150-MC. TERMINAL RACK 

FIG. 9. RIGHT: TOP OF A 747 100-WATT AMPLIFIER, SHOWING AX9903 S 

FIGS. 8 AND 10, BOTTOM ROW: FRONT AND BOTTOM VIEWS OF THE 747 
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LCFX Nomograph 
THIS INGENIOUS DOUBLE NOMOGRAPH COMBINES HIGH ACCURACY AND WIDE 
RANGE IN ALL PARAMETERS FOR TUNED CIRCUITS — By H. M. SCHLICKE* 
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for the respective fine (b) 
scales to be used subsequently. 
Now, on the (b) scale, 4.5 

for f and 7.0 for C are con¬ 
nected by a straight-edge, re¬ 
sulting in 0.505 ohms for X 
and 0.178 microhenry for I. 
on the (b) scales. 

Since X must be multiplied 
bv HF and I. bv 10-, the results 

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

^70 

f = 4.5 me. and 
( ' = 70mmF 

1 CP S <io" CPS; lO'^UHY <L<IOZ4HY; 

1O®OHMS<X < to7 OHMS; 1z¿XtF <C <lo“.Z4UF 

y i 1 
X = u>L’wC 

r I UIIS nomograph represents 1 theoften-used simultaneous 
equations 

f = 1¿^(LC) “ and 
X = 2irfL = 1 girfC 

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

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

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

For the purpose of illustra¬ 
tion. an example is shown on 
the nomograph, (¡iven is: 

This requires a line through (i 
(Hi6 cycles = me.) for f and 
through l(10‘ MM!1'. = IOmmF) 
in the dot system (a). 

I’he line in system (a) de¬ 
termines 102 (¿) on the coarse 
I. scale and 1(F (3) on the 

6 9® 

IO-6 m Hy < L < 10"m Hy 
KF* ohms < X < 1(F ohms 
ImmF < C < io"mm F 

I. = 17.8 mHv 

"Allen-Bradley Company. Milwaukee. 
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How SUNRAY OIL 

boosts 

pipe line capacity 

25% 

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

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

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

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

RCA Microwave "beams” highly di¬ 
rectional radio signals from station to 
station by "dish” antennas. Since 1946 
RCA has installed many fully reliable 
Microwave systems, some over 1,000 
miles long. All have proved themselves in 
performance—for utilities, government 
agencies, telegraph companies, turn¬ 
pikes, as well as pipe lines. 

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

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

For more information, mail the coupon 

Unattended booster station at 
Pernell, Okla. Radio-beam signals via 
RCA Microwave operate the booster 

by full remote control. Maintenance 
man inspects each station once every 
24 hours. 

Telemeter charts give continuous 
record of power and pressures at 
boosters. Operator remote-controls 
valves and pumps of booster stations. 

Signal lights indicate equipment fail¬ 
ure and emergency generator oper¬ 
ation. 2-way voice channel contacts 
maintenance personnel. 

r 

Company -Title Name 

State. Zone City. Address 

□ Have an RCA representative get in touch with me. 

Without obligation on my part, please send me your free booklet on: 
0 A Booster Station Microwave System □ Pushbutton Operation of Boosters 



Recognized Everywhere... 

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

plate that is ground optically flat before 
it is made light-sensitive. Its dimen¬ 
sional stability is, accordingly, that of the 

■ glass-
Even when the first two sources of 

error have been eliminated, any deviation 
from coincidence of the centers of genera¬ 
tion and rotation will introduce errors. 
Any center of rotation is on a diameter of 

j the divided circle. The greatest angular 
errors are at 90‘ from the ends of this 
diameter. It is simple to calculate the 
error in angular spacing caused by an 
error in concentricity or line width; 
typical values are given below: 

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

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

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

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

Custom-Engineered Electric Equipment Since 1909-

L-N Alternators 
ved by performance for over 7 years 

NEW DIAL PROCESS 

Anew economical method for manu¬ 
facturing precision instrument dials, 

scales, and other calibrating devices has 
been developed by the Precision Photo¬ 
mechanical Corporation of Englewood, 
New Jersey. The scale or pattern is gen¬ 
erated optically in this process. 

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

erally, there are three primary sources 
of error in divided circles or dials. In 
order to produce dials of the required 
precision, the errors from each source 
must be reduced to an absolute mini¬ 
mum. The three sources are non-uni-
formity in spacing, non-uniformity in line 
width, and eccentricity between that of 
generation and the center of rotation. 
PPM engineers have evolved a process 

for producing precise markings by means 
of an optico-mechanical recording instru¬ 
ment. There is no possibility of error in 
uniformity of spacing or character, be¬ 
cause a single-line master pattern is em¬ 
ployed for all units. 

Angle Dial Diameter, 
Tolerance, Inches 
Min¬ 
utes 3 4 5 6 

1 .00015 .00060 .00075 .00090 
5 .00025 .0030 .00375 .0045 
10 .0045 .0060 .0075 .0090 

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

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

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

NEW PRODUCTS 
(Continued from page 13) 

BFO Kit Addition: A BFO kit has been re¬ 
leased which is intended for addition to the 
NM-20A radio interference and field intensity 
meter. The BFO permits detection and 
copying of unmodulated signals throughout 
the frequency range of 150 kc. to 25 me. Kit 
comes complete with all parts, wire, and 

hardware. Stoddart Aircraft Radio Com¬ 
pany, Inc.. (>644 Santa Monica Blvd . Holly¬ 
wood 38, Calif 

Tubes: 1literatim* is available on the follow¬ 
ing new tube types: 
General Electric Tube Department, Elec¬ 

tronics Park, Syracuse. N. Y. —Type GL-
6299, eo-planar triode. CHF low-level class A 
KF amplifier operative up to 2,000 me.; al 
1,200 me., noise figure is 8.5 db and gain is 
16 db. 
RCA. Tula* Department. Harrison. N J 
RCA-12X4. full-wave vacuum rectifier, 7-

pin miniature, for use in 12-voh vibrator 
power supplies; RCA-6101. Premium-type 
medium-mu twin triode. 7-pin miniature, class 
\ amplifier ami control lube for mobile and 
aircraft equipment. prototype 6.J6; RCA-
6293. beam-power amplifier for pulse modu¬ 
lator sen ice in fixed and mobile equipment. 
Sylvania Electric Products. Inc.. Sales 

Dept.. 1740 Broadway. New York, X. V 
6BQ7A. twin triode for \ HF cascode ampli¬ 
fier sen ice with higher gain than 6BQ7. can 
replace prototype with slight realignment of 
limed circuits. 

FCC FORM 400 
(Continued from page 19) 

base station transmitters operated from a 
common control point are not considered 
as separate base stations.) 
Many businesses are now using radio 

communication systems in connection 
with their daily operations. It often hap¬ 
pens that when the business is sold, the 
radio equipment is included in the pur¬ 
chase price. II’ th«" new owner wishes to 
continue the operation of the radio sys-

The universally 
recognized 
standard 

in MICA * 
transmitter 
capacitors. 

CORNELL 
DUBILIER 
ancL .J nil 

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

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

Cornell-Dubilier 

tern he must obtain his own authoriza¬ 
tion. If the station is licensed under 
Parts 10. II. or Hi of the Commission's 
Huies, the new owner should submit an 
application to the Commission on FCC 
Form 100. Each item must be completed 
in the same manner as if he were apply¬ 
ing fora new station except “Assignment 
ol License" in Item 10 (a) must be 
cheeked. The name of the new owner, 
and the names of al! the partners, if any. 
and/or the t ad” name of the company is 
to be shown in Item ‘1. A notarized letter 
from the present owner must be sub¬ 
mitted with the application. The letter 
must contain a statement that he desires 
to assign to tile new owner all rights, title, 
and interest m and to such authorization 

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

IL has been reported that some fre¬ 
quency-coordinating commit lees have ex¬ 
perienced difficulty in making recommen¬ 
dations to new' applicants since the au¬ 
thorizations on Form 100 do not show the 
actual power in use at the existing sta¬ 
tions in their region, and therefore the 
service area and interference range of 
these stations cannot lie estimated easily. 

Continued on page 88 
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Communication Registries 

W HATEVER information you need about any U. S. communica¬ 
tion system in any service group, you will find it in one of the 

Registries of Communication Systems listed below. These Registries, 
revised annually from data contained in the original license files at 
Washington by permission of the FCC. 
Each system listing shows the name and address of the licensee, 

location and type of each transmitter, number of mobile units, call 
letters, frequencies, type of modulation, and make of equipment used. 

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

REGISTRY OF TRANSPORTATION SYSTEMS 

Listing all mobile, base, relay, mobile relay, and point-to-point 
transmitters licensed in the following services: 
TAXICABS HIGHWAY TRUCKS TRANSIT UTILITIES 
RAILROADS INTERCITY BUSES AUTO EMERGENCY 

Most active 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 . $1.00 

AIR-GROUND AND COMMON CARRIER SYSTEMS 

Listing all mobile, base, relay, mobile relay, portable, control, and 
point-to-point transmitters licensed in the following services: 
CARRIER AIRCRAFT AIRDROME ADVISORY MOBILE UTILITY 
AIR OPERATIONAL FLYING SCHOOL COMMON CARRIER 
OPERATIONAL FIXED FLIGHT TEST COMMON CARRIER RELAY 
AIRDROME CONTROL MISC. COMMON CARRIER 

This Registry lists all transmitters operated in commercial aircraft, 
and all those used for air-ground communication. Also included are 
the AT&T relay stations which carry television network programs. 
Air-Ground & Common Carrier Systems, postpaid . SI.00 

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

Please send me the following Registries of 
□ $1.00 Registry of Transportation Systems 

□ $2.00 Registry of Industrial Systems q 

Name 

Communication Systems, for which I enclose — 
□ $1.00 Registry of Public Safety Systems 

$1.00 Registry of Air-Ground, Com. Car. Systems 

Address 

FCC FORM 400 
(Continued from page 37) 

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

I'nlike the Form 401 which was used 
when applying for a new or modified con¬ 
struction permit, or the Form 403 which 
was used when applying for a new or 
modified license, the Form 400 is an ap¬ 
plication for an authorization. The type 
of authorization which is issued by the 
Commission depends upon the circum¬ 
stances in each individual ease. It may 
be a construction permit, a license, or a 
combined construction permit and 
license. 

For example, upon approval of an ap¬ 
plication for a microwave relay station, 
a const ruction permit only is issued be¬ 
cause the installation and testing of the 
equipment sometimes takes several 
months. A separate application for 
license to cover the construction permit 
is required when the station is ready for 
regular use. 
The Communications Act of 1934. as 

amended, provides that persons install¬ 
ing radio transmitting equipment aboard 
railroad rolling stock may obtain a license 

\ for such equipment without first obtain¬ 
ing a construction permit; therefore. 

I licenses are issued immediately in those 
I cases. Applicants for new stations in the 
mobile services are no longer faced with 

j a long on-the-job construction period. 
Transmitters can now be purchased and 

j installed as a unit and made ready for 
I use soon after power lines and antenna 
have been connected. In such instances 
a combined construction permit and 
license is issued. The Field Offices main¬ 
tain records of the dates on which sta¬ 
tions in their districts are put in opera¬ 
tion. 

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

Although FCC Form 400 has been in j 
effect for several months, it still is too 
early to predict the actual saving in proc¬ 
essing time which will be gained through I 
its use. It is interesting to note, how¬ 
ever, that in terms of new stations added ■ 
during the last fiscal year (July I. 105-2 
through June 30. 1953) the Public Safety. 
Industrial, ami Land Transportation 
Radio Services have expanded at a nor¬ 
mal or greater-t han-normal rate. The 
number of applications pending has al¬ 
ready shown a decline. I Ims. the FC( 
Form 400 seems to be serving its in¬ 
tended purpose, as the ( ommission is 
continuing to license new stations while 1 

at the same time reducing the total num 
her and the processing lime of the ap¬ 
plications. 
1

STATEMENT of the ownership, man 
AGEMENT, CIRCULATION, ETC., RE 
QUIRED BY THE ACTS OF CONGRESS OF 
AUGUST 24, 1912, AND MARCH 3, 1933 

Of Communication Engineering, published 
monthly at Great Barrington, Massachusetts, for 

October 1, 1953 
State of Massachusetts 
County of Berkshire, ss. 

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

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

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

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

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

(Sitnicd) Roy F. Allison. Editor 
Sworn to and subscribed betöre me this First 

day of October. 1952. 
[Seal] Lillian Bendross. Notary Public 
Commissinn expires July 1. 1954. 

Speeding Electronic Progress 

through 

The JK G-12 is a precision 100 kc 
G-T cut crystal intended for oper¬ 
ation in Meacham Bridge and simi¬ 
lar oscillators. Available for oper¬ 
ation at series resonance or into 
large load capacities. Resistance 
approximately that of usual lamp 
used for amplitude stabilization, 
simplifying bridge circuit design. 
The JK G-12 is vacuum sealed. 
Equipped with octal base it is more 
convenient than usual "soldered-
in" type of precision standard 
crystal. Suitable for transistor oscil¬ 
lators -Will fit JK 07EH temperature 
control unit. Consult us on specific 
applications. 

JK STABILIZED G-U CRYSTAL 

Did you know? Surgical cleanliness during 
manufacture is an impor-

THE JAMES 
G HTS COM PANY, 
SANDWICH, ILLINOIS 

ant reason for the unequalled stability of JK Crystals. 
In an airconditioned, dust-free plant crystal blanks 
are repeatedly cleaned with chemicals, washed in 
distilled water and spun dry — plain tap water or even 
a fingerprint would impair stability. The final crystal, 
vacuum sealed in a glass holder, provides stability 
equal to a watch that would remain accurate to within 

three seconds over a year's 
time. Creative research com¬ 
bined with today's most 
modern production facili¬ 
ties bring, you today's 
finest — JK "Crystals for 
the Critical". 
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(REÍ) 
RADIO 
ENGINEERING 
LABS., Inc. 
PIONEERS IN THE CORRECT USE OF 
ARMSTRONG FREQUENCY MODULATION 

REL MULTIPLEX RELAY & 
POINT-TO-POINT EQUIPMENT 
Typical of the standard transmitter and receiver designs 

developed by REL for high-qual ty multiplex and point-to-
point radio circuits is the Type 755-C equipment for 152 to 
174 me. 

The transmitter-receiver unit illustrated above functions 
as a 4-terminal network for frequency-division multiplexing 
of voice, program, telegraph, telemetering, remote control, 
and facsimile up to the equivalent of 5 voice circuits. 
Nominal output is 25 watts or 100 watts. Using the basic 
Serrasoid phase-shifter, performance specifications meet the 
highest requirements of standard telephone practice. 

Operating records of this REL equipment in systems re¬ 
quiring continuously reliable service establish beyond ques¬ 
tion 1) the high degree of stability afforded by the electrical 
and mechanical tolerances built into REL multiplex equipment, 
and 2) the substantial savings in maintenance cost resulting 
from designs which reflect long experience with adverse 
conditions in all parts of the world. Standard specifications 
I can be modified to suit special requirements. For engineer¬ 
ing data, prices, and deliveries, address: 

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

RADIO ENGINEERING 
LABORATORIES, Inc. 

TH.: STILLWELL 4-2100 TELETYPE: N. Y. MU 

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

MULTIPLEXING 
(('outin ueil from paye 31) 

Signaling: Signaling is an important 
part of any communication system. In 
the course of telephone progress many 
methods for signaling over carrier chan¬ 
nels were developed which are now in 
use. (ienerally speaking, signals from a 
sending switchhoard or telephone instru¬ 
ment operate relays in the transmitting 
branch of a carrier terminal which con¬ 
trol the transmission of internally-gen-
erated signaling frequencies. These are 
transmitted to the distant terminal where 
they cause operation of additional relays 
which, in turn, provide for application of 
the proper type of si nal to the receiving 
switchhoard or telephone instrument. The 
principal differences in signaling methods 
arc the frequencies of the internally-gen¬ 
erated signals and the manner in which 
these signals are applied to the lines for 
transmission to the distant terminals. 

I'wo or more methods of signaling can 
be used with most carrier systems: most 
popular are ringdown signaling and dial 
signaling. Ringdown signaling makes us 1 

of a steady transmitted current of un¬ 
critical duration. Operation of a ringing 
key at one point transmits a signal which 
actuates an audible or visible signal at a 
distant point. The term "ringdown” is 
a holdover from early telephone days, 
when a ringing signal caused a magnetic 
indicator to drop at the distant terminal. 
AC ringdown denotes a type of signaling 
in which the operator’s key controls 
transmission of an AC signal from the 
sending source, and in which equipment 
at the receiving end operates from alter¬ 
nating current. DC ringdown operates 
similarly except that DC signals substi¬ 
tute for AC. 

In dial signaling, pulses of critical du¬ 
ration are transmitted between two 
points. The dial pulses operate auto¬ 
matic line-selection equipment at the re¬ 
ceiving terminal. Sequence of the pulses 
is determined by the operator, but the 
duration of the pulses is predetermined 
by adjustment of the dial equipment. 
Standard dial-type telephones, such as 
are used by telephone companies, can be 
employed. 

Crosstalk and Equalization: An im¬ 
portant consideration in multiplexing sys¬ 
tems is inter-channel and inter-system 
crosstalk. A properly-designed ami ad¬ 
justed carrier terminal «loes not contrib¬ 
ute appreciable crosstalk to a system. 
The transmission medium, whether wire 
line or radio, has a much greater poten¬ 
tial for crosstalk contribution. 

Crosstalk must be held to certain pre¬ 
scribed minimums in order to avoid deg¬ 
radation of the system, particularly 
where many repeaters in tandem on a 

NEW POWER BOOSTER 
Boosts Power instantly! 

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

DEPENDABLE 
MOBILE 
COMMUNICATION 

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

DEALERS! 
Kaar Corp, is a 

major rodio’elephone 
manufacturer selling 

through authorized 

dealers. Write for 

complete informa¬ 

tion. 

• WRITE FOR 
SUMMARY 
CATALOG ON 
ALL KAAR 
MOBILE 
EQUIPMENT 

^KÃÃR^ 
ENGINEERING CORP. 
MIDDLEFIELD ROAD • PALO ALTO, CALIF. 
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toll circuit each contribute noise to de¬ 
grade the circuit progressively. It is ob¬ 
vious why the contribution of each sys¬ 
tem must be minimum. 
A toll-quality circuit is defined as one 

in which the measured noise and cross¬ 
talk at the receiving terminal is less than 
30 dba at the —9 dbm (decibels referred 
to one milliwatt) drop level, as measured 
with a Western Electric type 2B Noise 
Set with F1A weighting. In other words, 
the noise at this receiving point in the 
system must be about—60 dbm as meas¬ 
ured with a meter which takes into ac¬ 
count the response characteristics of the 
average human ear. 

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

can be obtained through use of compand¬ 
ors when they are installed on each voice 
channel of the system. 
Another wire-line and cable problem 

which sometimes affects radio-carrier sys¬ 
tems is that of equalization. Wire lines 
and cables do not have equal attenua¬ 
tion characteristics for all frequencies. 
Higher frequencies are attenuated more 
than those lower in the scale; this in¬ 
equality is increased on wire lines during 
periods of rain or sleet. Accordingly, 
systems for wire lines and cables have 
regulation circuits which result in an es¬ 
sentially flat characteristic for all fre¬ 
quencies and. therefore, for all channels 
in the system. 
When carrier systems are applied to 

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

450-MC. ANTENNAS 
(Continued jrom page 18) 

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

Continued on page 43 

^Mã67 TERM ALINE 
DIRECT-READING 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-
1 1 /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-1 7"x9"x6" 
Wght.— 30 pounds 

NEELY 
ENTERPRISES 

Hollywood • San Francisco 
Albuquerque ELECTRONIC CORP. 

1800 EAST 38th ST., CLEVELAND 14, OHIO 

TERMALINE Coaxial Line Instruments 
EARL LIPSCOMB 

ASSOCIATES 
k Dallas • Houston 

SEND TODAY FOR FULL DETAILS AND TECHNICAL 
INFORMATION. 

RESINITE CORPORATION 
DIVISION OF PRECISION PAPER TUBE 

‘_ _ ■ 

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

RESINITE 8104: for coil forms 
requiring very high dielectric 
properties under extreme 
humidity. 
RESINITE "AC": for applica¬ 
tions requiring very high di¬ 
electric strength. Electrolytic 
corrosion is impossible. 
RESINITE 104: for stapling, 
severe forming, fabricating. 
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\0 OTHER LIKE IT.' 

leading manufacturers use 

• Approximately ZERO TEMPERA¬ 
TURE COEFFICIENT FOR 
QUARTZ AND INVAR construction. 

• Approximately ± 50 PPM per degree 
C. for Glass and INVAR construction. 

• One-piece SPRING LOADED PIS¬ 
TON and screw prevent backlash. 

• SILVER BAND fused to exterior of 
precision drawn quartz or glass tube 
serves as optimum stationary electrode. 

• "Q” of 1,000 at I me. 
• DIELECTRIC STRENGTH equals 

1,000 volts DC at sea level pressure and 
500 volts at 3.4 inches of mercury. 

• 10,000 megohms INSULATION RE¬ 
SISTANCE MINIMUM. 

• OPERATING TEMPERATURES, 
— 55 C. to + 125 C. with glass dielec¬ 
tric. — 55 C. to +200 C. with quartz 
dielectric. 

• Over 100 megohms MOISTURE RE¬ 
SIS I ANCE after 24 hours exposure to 
9t% humidity of room temperature. 

• PISTON DIMENSIONAL ACCU¬ 
RACY is held to close tolerance main¬ 
taining minimum air gap between pis¬ 
ton and cylinder wall. 
Write for Form No. 199 

JFD PISTON TYPE VARIABLE TRIMMER CAPACITORS 
in 

No. VC i G (0.7 to 6.0 mmf.) Glass Dielectric 
No. VC 5 (1.0 to 10.0 mmf.) Quartz Dielectric 
No. VC 11 (1.0 to 10.0 mmf.) Quartz Dielectric 
No. VC 11 G (1.0 to 12.0 mmf.) Glass Dielectric 
No. VC 20 (0.5 to 1.9 mmf.) Glass Dielectric 

JFD MFC. CO. 
BROOKLYN 4, N. Y. 
BENSONHURST 6 9200 
world's largest manufacturer 
of tv antennas & accessories 

PLATT . 
PRODUCTION OF 

• 60 WATT MOBILE AND 

• 60 WATT FIXED STATION 

EQUIPMENT 

WRITE FOR DESCRIPTIVE LITERATURE 

PLATT Go^p 
489 BROOME STREET, NEW YORK 13, N. Y. 

TELEPHONE: WORTH 4-0827 

450-MC. ANTENNAS 
(Continued from page (I) 

be drawn as to whether such spacing is 
critical, or if second-order effects only 
occur and this factor can be disregarded 
in general. Fig. .3 shows a set of mea¬ 
sured vertical radiation patterns for the 

I C-3 155 mounted 7.8 ins. (.3 wavelength) 
I from a 10-ft. length of pipe. The vertical 
I pattern of the array in the clear, shown 

in Fig. 1A, should be compared with the 
I set shown in Fig. 3. Spacings from (1.5 
ins. (.25 wavelength) through 27 ins. 

■ (1.(1 wavelength) from the top of the 
pipe were tested. In general, the effects 

I of spacing on the vertical pattern shape 
are very slight. Over the range studied 
the beam width changed from 28 
through 32 . The vertical beam width 
for the antenna in the clear is 28 . Minor 

I lobe structures are not great enough to 
cause serious deterioriation in antenna 
gain. Fig. t presents the results of the 
same tests but with the array-to-pipe 
spacing increased to 18 ins. (.7 wave¬ 
length). Here again, the beam width is 
fairly constant for the various spacings 

I from the top of the pipe; the overall va-
I riation ranges from 2(i through 30 . A 
I general conclusion that can be drawn 
I from these measurements is that the ver-
■ tical pattern remains of the same order 
of beam width as in the clear, and that 
the distance down from the top of the 
support member to the mounting posi¬ 
tion of the array is not critical. 

Sector Coverage: Although the prime 
I object of a study of this nature is the ap-
I plication of the data to general omni-
! directional coverage needs, it is felt that 
j there are occasional requirements in the 
[ mobile services for sector coverage. For 
I instance, a city located along a water-
front suggests the need for confining ra¬ 
diation to a ISO sector. Some recent 

I practices in systems engineering require 
that sector rejection be provided by the 
antenna if successful operation is to be 
achieved. \\ ith the simple support-mem¬ 
ber reflector arrangement, ratios of some 
15 db can be achieved: however, the 
major lobe is usually too narrow to be of 
general utility, and such a rejection ratio 
cannot be achieved except with careful 
adjustment. Recent work2 with screen 
reflectors having angles greater than ISO 
has resulted in patterns which approach 
closely the idealized hemiazimuthal ISO 
coverage diagram. Fig. 5 gives a set of 
pattern measurements for the C-3455 
mounted at various distances off the apex 
of a 270 corner reflector, constructed of 
screen mesh IS ins. on a side and extend¬ 
ing about 12 ins. above and below the 

2E. F. Harris, “An Experimental Investigation of 
the Corner- Reflector Antenna,’’ Proc. JR It, Vol. 
41. p. 645; May, 1953. 
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radiating aperture of the antenna. 
Note that the critical spacing is 7.8 

ins., or .3 wavelength. For this spacing 
the radiation is constant within .5 db 
over a full 180° sector and then falls 
rapidly to zero. Within 35° beyond the 
limits of the 180° sector the level has 
dropped 30 db below that in the forward 
sector. In the 90° dead zone which the 
corner reflector shadows, the level is more 
than 10 db below that in the forward 
sector. It can be seen that for spacings 
smaller and larger than .3 wavelength the 
coverage is no longer uniform; however, 
the variation is not great, and the shadow 
region is as dead as before. 
Such an arrangement using the high-

gain base-station array with the 370 
corner reflector is ideal for construction 
on the corner of a tall building. The re¬ 
flector can be made from 3-in. mesh 
screen or smaller. If its use is practical, 
sheet metal attached directly to the wall 
of the building is ideal. Various arrange¬ 
ments for attachment to a tower will sug¬ 
gest themselves. Such an arrangement 
with a high-gain array will provide a full 
10 db gain over a dipole in the 180° sector 
covered. 

While the data presented herein is by 
no means complete, it should provide 
some workable information for the ap¬ 
plications engineer. Additional measure¬ 
ments covering the effects of larger pipes 
as well as tower structures are needed, 
and a study of impedance effects wotdd 
be of value although it has been found 
that VSWR values have remained within 
specifications, particularly for the larger 
spacings. The measurements can be ap¬ 
plied to the 150-mc. range if it is recog¬ 
nized that all dimensions given must be 
multiplied by 3. Thus, the patterns shown 
for the case of a 3%-in. pipe are valid for 
a 7%-in. pipe support at 150 me. 

TOWER RULES 
(Continued from page 21) 

specify different painting and lighting if 
it seems desirable or necessary. 
Antenna structures must be painted 

(when painting is necessary) throughout ¡ 
their height with alternate bands of avia- I 
tion surface orange and white, with 
orange bands at each end. The width 
of the bands should be about one-seventh 
the total height, provided that they are 
not more than 40 ft. nor less than 1% ft. 
in width. 
Lighting requirements for various tower 

heights are shown in the diagram accom¬ 
panying. Obstruction lights shown must 
consist of No. 100 A31/TS or No. Ill 
A31/TS lamps in aviation red obstruc¬ 
tion light globes. Beacon lights must 
consist of two 500 or 630-watt lamps 
(PS-40, code beacon type) burning simul¬ 
taneously and equipped with aviation red 

Concluded on page 
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Advancements in the 
fields of wave 
propagation, 
translation of 
information, 
communication theory, 
circuit techniques 
and equipment 
miniaturization have 
created a number of 
new openings for 
qualified engineers in 
the Hughes Advanced 
Electronics 
Laboratory. 

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¬ 

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. 

How to apply 

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. 

Communication Engineering November-December, 1953 



It takes skill and 
experience to erect 
COMMUNICATION 
TOWERS... 

MACCO 

TOWER RULES 
(Continued from page 43) 

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

Lights must burn continuously or be 
controlled by a light-sensitive device ad¬ 
justed to turn on at a north sky light in¬ 
tensity level of about 3.5 foot candles and 
to turn off at a north sky light intensity 
level of about .5(1 foot candles. Beacons 
must be equipped with a flashing mech¬ 
anism operating at not more than 40 and 
not less than lá flashes per minute, with | 
a period of darkness equal to one-half the 
period of illumination. 

During construction of an antenna 
structure for which lighting is required, 
two temporary obstruction lights must 
be installed at the uppermost point. As 
the height of the structure exceeds each 
level at which permanent lights will be 
required two similar temporary lights 
must be installed at each such level. 
These lights must be positioned so that 
at least one at each level is visible from | 
any angle of approach and must burn 
continuously from sunset to sunrise. Al¬ 
ternatively. the permanent lights may be 
installed at each level as it is reached. 

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, 
Ielemetering. 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— 
WITH 

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

MACCO 

NAME- _ 

ADDRESS_ 

COMPANY_ _ 

CITY_ STATE_ CT- 1 

Inspection, Maintenance: Tower lights 
must be inspected either visually or by 
means of an automatic indicator, de¬ 
signed to register any light failure, at 
least once every á4 hours. Alternatively, 
an automatic alarm system can be used. 
Any failure of a beacon or top light not 
repaired within 3(1 minutes must be re¬ 
ported immediately by telephone or tele¬ 
graph to the nearest airways communica¬ 
tion station or CAA office. Further noti¬ 
fication by telephone or telegraph must 
be made immediately on repair of the 
defective unit. 

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

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

as often as is necessary to maintain good 
visibility. A sufficient supply of spare 
lamps must be maintained for immediate 
replacement purposes at all times. 
Upon completion of construction or 

any modification affecting height or loca¬ 
tion of any tower for which obstruction 
marking is required, the licensee must fill 
out and file C. & G.S. Form 84 4 with the 
Director. U. S. Coast and Geodetic Sur-

I vey. 

NEWARK'S NEW 
CATALOG NO. 56 

Department C-l 1 

EWARK 
223 W. Madison St., Chicago 6, III. 

Antennas for 
450-470 mes. 
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 
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WEEKLY REPORTS 
of FCC Applications Filed for New 

Communication Systems 

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

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

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

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

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

1 Subscription, per year $50.00 
2 Subscriptions, " 40.00 each 
3 Subscriptions, " 35.00 each 
4 Subscriptions, " 30.00 each 
6 Subscriptions, " 25.00 each 

10 or more, " 20.00 each 

Extra for air mail, $1.50 annually per sub¬ 
scription. 

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

New Registry of Transportation Systems 

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

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

Price per copy, prepaid, $2.00. 

RADIOCOM, INC. 
The Publishing House, Great Barrington, Mass. 

THE "Field-Proved” STANDARD 

IN COMMUNICATIONS, INTRODUCES A NEW 

TELEPHOHE 
HnnDSET 

Model THIO 

Specially designed to suit 

your specific applications 

Here is a truly modern functional 
handset specifically designed for 
2-way communications! A product 
of the Shure Laboratories with many 
years of experience in safetx mobile 
communications, the THIO Handset 

. . . the first Handset 

specially engineered 

for two-way 

communications 

★ 

★ 

★ 

★ 

2-Way Radio 
Communications 

Inter-Com Systems 

Airplane Announce 
Systems 

P. A. 
Systems 

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, lnc.*=c°^ 
225 W. Huron St. • Chicago 10, III. • Cable Address: SHUREMICRO 
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Unattended 
Broadcast 
Transmitters! 

Control panel for installation 
at the studio end. 

Control equipment for instal« 
lotion at the studio end. 

HAMMARLUND 
REMOTE CONTROL 
& METERING 

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

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

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

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

2. Full control of up to nine separate circuits. 
3. Telemetering of nine separate electrical quantities. 
4. Up to four emergency alarm indications. 
5. Fail-safe operations assured at all times. 

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

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

The Hammarlund Manufacturing Cc., Inc. 

460 W. 34th Street, New York 1, N. Y. 

15 0-MC. RELAY 
(Continued from page 33) 

Eigs. 11 and 12 are front and rear views 
of a cabinet containing a complete 755C 
system and a 747 amplifier. Chassis are, 
from top to bottom, a 7.55 receiver; a 717 
100-watt amplifier; a 755-C transmitter; 
its power supply; and the 747 amplifier 
power supply. 

PROJECT TINKERTOY 
(Continued from page 25) 

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

process, provision is made for completely 
automatic inspection. This consists of 
both physical gaging and electrical com¬ 
parison. Printed circuits, resistors, and 
capacitors are compared with standards 
both before and after assembly. This is 
accomplished by electronic computers, 
bridge circuts, and other comparison de¬ 
vices. The inspection code is contained 
on the punched cards which were pre¬ 
pared by the design engineer and which 
accompany the wafers through the pro¬ 
duction process. 
The final assembly operation need not 

necessarily be considered a part of the 
MPE process. Normally, a set of modules 
(as many as ten) is mounted on or be¬ 
tween copper-clad base plates. Circuits 
etched into the copper surface connect 
with the riser wires of the several mo¬ 
dules to form a complete assembly. Sev¬ 
eral such plate assemblies may form a 
complicated equipment. One base plate 
with six modules, for instance, contains 
all the necessary circuits to make a six-
tube radio receiver. 

Conclusion: Project Tinkertoy makes 
possible a rapid conversion from civilian 
to military products and back again on 
short notice and. concurrently, facilitates 
a greatly expanded production capacity. 
Delays caused by the need for recruiting 
and training new production personnel 

I and the procurement of new mechanisms 
i and parts are eliminated. Most of the 
i operating know-how is stored in mechan¬ 

ical fingers and elect romechnical control 
mechanisms; even electronic equipment 
designs can be stored, ready for produc¬ 
tion. in the form of punched cards and 
circuit stencil screens. 

Because unprocessed or bulk materials 
are used for the most part, the system 

Concluded on page 48 
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[coMco 
"FLIGHTCOM" 
TWO-WAY VHF 

RADIO FOR AIRCRAFT 

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 me. band 

714 watts 152-174 me. band 
LOW BATTERY DRAIN 
PERFORMANCE— identical with ground 

station equipment. 
For details contact your nearest COM CO dealer 

INDEX OF ADVERTISERS 
Adair, George P. 15 

Washington, D. C.: Executive 3-1230 
Alden Products Company 12 

Brockton, Mass.: Brockton 160 
Allied Radio Corp. 8 

Chicago: Haymarket 1-6800 
American Phenolic Corp. 11 

Chicago: Bishop 2-10C0 
Andrew Corp. Inside Front Cover 

Chicago: Triangle 4-4400 
Antenna Specialists 15 

Cleveland, Ohio: Randolph 1-9575 
Berndt-Bach, Inc. 15 

Los Angeles, Cal.: York 8294 
Bird Elec ronic Corp. 41 

Cleveland, Ohio: Express 1-3535 
Boonton Radio Corp. 48 

Boonton, N. J.: Boonton 8-3200 
Browning Laboratories, Inc. 9 

Winchaster, Mass.: Winchaster 6-3700 
Carter Motor Company 4 

Chicago: Humboldt 6-1289 
Communications Company, Inc. 47 

Coral Gables, Fla.: Coral Gables 4-0846 
Communications Engineering Co. 15 

Dallas, Texas: PR 7508 
Cornell-Dubilier Electric Corp. 37 

South Plainfield, N. J.: Plainfield 6-9000 
Crosby Laboratories, Inc. 7 

Hicksville, N. Y.: Hicksville 3-3191 
Eitel-McCullough, Inc. 5 

San Bruno, Cal.: Juno 8-1212 
Hammarlund Mfg. Co., Inc. 46 
New York, N. Y.: Longacre 5-1300 

Hughes Research & Dav. Labs. 43 
Los Angeles, Calif.: Texas 0-7111 

Jansky & Bailay 15 
Washington, D. C.: Me 8-5411 

JFD Mfg. Company, Inc. 42 
Brooklyn, N. Y.: Bensonhurst 6-9200 

Jones, Howard B, Division 48 
Chicago: Nevada 2-2000 

Kaar Engineering Co. 40 
Palo Alto, Calif.: Davenport 3-9001 

Kear & Kennedy 15 
Washington, D. C.: Hudson 3-9000 

James Knights Company 39 
Sandwich, III.: Sandwich 2141 

Leece-Neville Company 36 
Cleveland, Ohio: Henderson 1-0740 

Lenkurt Electric Company, Inc. 14 
San Carlos, Calif.: Lytell 3-2161 

Link Radio Corp. 13 
New York, N. Y.: Chelsea 2-1100 

Luxo Lamp Corp. 47 
New York City: Murray Hill 3-7825 

Maceo Corp. 44 
Paramount, Calif. 

Mark Products Corp. 44 
Chicago: Sunnyside 4-2154 

Master Mobile Mounts, Inc. 47 
Los Angeles, Calif.: York 5221 

May, Russell P. 15 
Washington, D. C.: Republic 3984 

McIntosh, Frank H. 15 
Washington, D. C.: Me 8-4477 

Measurements Corp. 15 
Boonton, N. J.: Boonton 8-2131 

Motorola, Inc. Back Cover 
Chicago: Spaulding 2-6500 

Newark Electric Company 44 
Chicago, III. 

Philco Corp. 2 
Philadelphia, Pa.: Tennessee 9-4000 

Platt Manufacturing Corp. 42 
New York City: Worth 4-0827 

Pye, Limited 16 
Cambridge, England 

Radiart Corp. 3 
Cleveland, Ohio: Melrose 1-6660 

Radio Apparatus Corp. 10 
Indianapolis, Ind.: Franklin 1052 

Radiocom, Inc. 38, 45, 47, Inside Back Cover 
Gt. Barrington, Mass.: Gt. Barrington 1300 

Radio Corp, of America (Eng. Products) 1, 35 
Camden, N. J.: Woodlawn 3-8000 

Radio Engineering Labs. 40 
Long Island City, N. Y.: Stillwell 6-2101 

Relay Sales Company 6 
Chicago: Seeley 8-4143 

Resinite Corp. 41 
Chicago: Armitage 6-5200 

Rohn Manufacturing Co. 48 
Peoria, III.: Peoria 4-9156 

Shure Brolhers, Inc. 45 
Chicago: Delaware 7-4450 

Weldon & Carr 15 
Washington, D. C.: Sterling 3-2550 

John Wiley & Sons 47 
New York City: Murray Hill 9-7630 

Workshop Associates, Div. of Gabriel Co. 15 
Norwood, Mass.: Norwood 7-3300 
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Mobile. MASTERPLANE 
2 METERS— 

GROUND PLANE ANTENNA- 140 to 162 MC 

alloys to withstand corrosion, 

MODEL 300 

MOUNTING BRACKET: 

NO. MB—$1.00 NET 

Mounts 
attachable to 

mounting 

214 

ALUMINUM 
ALLOY ROOS 

Adjustable 
adjusts to 

gives an 
radiation 
and de¬ 
complete 
excellent 

high 
ing. 
pipe 

winds and extreme ic-
With 36" length of %" 
for mounting purposes. 

WRITE 
Ask for lit¬ 
erature on 
the more 
than 70 

numbers in 
the Master 

Mobile Line 

"Droop¬ 
perfect 

side of build¬ 
ing. Sturdy, 

special 
alloys, to 
withstand 
corrosion 

and extreme 
weather. 

Model GP-4 
AMATEUR'S 
NET: $5.95 

2 METERS - 140 to 162 MC 

SOLD BY LEADING JOBBERS 

AMATEUR'S NET: $12.95 

match to 52 ohm coax cable. 
Complete amateur band cov¬ 
erage. Specify other fre¬ 
quencies. (U-Bolts and Mount¬ 
ing Brackets furnished.) Also sold separ-

Broad Band characteristics. Other 
frequencies as specified. Matches 
52 ohm coaxial cable through 
threaded coaxial fitting at end. 
Radials adjustable (up or down) for purpose of 
eliminating standing waves. Sturdily-built of finest 

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

angle of radiation. It 
almost perfect circle 
pattern. Ideal for CD 
fense nets. Covers 
Amateur Band with 

TWO METER COAX 
ANTENNAS 

NO. 214 - MASTER 
DELUXE — ruggedly-
constructed, vertically 
polarized, frequency 
range 140 to 170 MC. 
Completely water-
proofed. Highly pol¬ 
ished chrome en¬ 
hances appearance 
of any vehicle. Fur¬ 
nished with 10' of 
72 Ohm Coax Cable. 
MOUNTING TYPES: 
Type 1—on side with 
2 brackets furnished 
NET: $15.95. Type 

2 - MASTER MOUNT 
(No. 132X or 140X). 

Model GP-4. Four 
ing" Radials for 

Model 300—Master De Luxe . . . 
NEW! Outperforms any type of 
vertical dipole. "Drooping" 
Type Ground Plane plus four 
straight radials to give a low 

ately. Complete 
$17.45. 

Today it’s TRANSISTORS 
Here's the FIRST FULL-
LENGTH BOOK in the field 
. . . the work of nine 
General Electric experts. 

Principles of 

TRANSISTOR CIRCUITS 
Edited by Richard F. Shea 

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

COVER/NGr 
Semiconductor principles. Transistor 

forms, types, characteristics. Transistors 
as low-frequency circuit elements. Prin¬ 
ciples of amplifier stage. Junction transistor 
multistage amplifiers. Bias stabilization. 
Power amplifiers. Transistors as high-
frequency circuit elements. Principles of 
high-frequency operation. High-frequency 
circuit design. Video amplifiers. Oscilla¬ 
tors. Circuit design by duality. Matrix 
methods of circuit analysis. Feedback 
amplifiers. Transient analysis. Large-signal 
operation. Computer circuits. Noise in 
transistors. Associated semiconductor de¬ 
vices. 5mall-signal parameter measurement. 

1953 535 PAGES $11.00 

Send now for a copy 
ON APPROVAL 

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

JOHN WILEY & SONS, Inc. 
440 4TH AVE. NEW YORK 16, N. Y. 



This new 190-A O 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 me. to 260 me. 

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. 

RANGE OF Q MEASUREMENT: 
Q indicating voltmeter 
Low Q scale 
Multiply Q scale 
Differential Q scale 

50 to 400 
10 to 100 
0.5 to 3 0 
0 to 100 

• Low internal inductance, capacitance and 
resistance. 

• Regulated power supply for increased stabil¬ 
ity and accuracy. 

Total Q indicating range 5 to 1200 

RADIO 

Tunable oscillator in four ranges calibrated 
to high accuracy. 

Compact, simple, rugged construction. 
PERFORMANCE CHARACTERISTICS OF INTERNAL 
RESONATING CAPACITANCE: Range — 7 mmfd. 

to 100 mmfd. (direct reading). 

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

Write for further information 

FOR PUBLIC 
ADDRESS, RADIO, 
and kindred fields, 

JONES 
PLUGS & SOCKETS 

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 • 111 LIMESTONE, BELLEVUE 

PEORIA. ILLINOIS • PH. 4-911« 

PROJECT TINKERTOY 
(Continued from page 46) 

j is comparatively free from dependence 
on particular components in critical sup¬ 
ply. Uniformity of electronic products 
at a high quality level is enhanced by the 
mechanized production and by 100% 
automatic inspection. This affords the 
possibility of repair and maintenance of 
electronic systems by replacement of 
unitized packages or entire subassem¬ 
blies. Performance appears generally 
equivalent to that obtainable from con¬ 
ventional assemblies. Equipments pro¬ 
duced on an experimental basis meet 
military environmental requirements, 
passing such tests as shock, vibration, 
temperature, and humidity established in 
military specifications. Moreover, the 
standardization results in production out-
puts of uniformly satisfactory equipment, 
whose characteristics both physically and 
electrically are carefully controlled. 

SELECTED REFERENCES 
, "Printed Circuit Techniques,” NBS 
Circular 468 (1947). On sale by the 
Government Printing Office, Washington 
35, 1>. C. ($1.35) 
“New Advances in Printed Circuits.” 

i NBS Miscellaneous Publication 193 
(1948). On sale by the Government 
Printing Office ($.45) . 

"Electronics Miniaturization” (NAer 
00685, National Bureau of Standards 
Final Report), OTS Report No. PB-
100949 (1949), 189 pp., $1.75. 

"Printed Circuits,” (NAer 00686, Na¬ 
tional Bureau of Standards Final Re¬ 
port), OTS Report No. PB-100950 

¡ (1950), 99 pp., $1.75. 
"A S u b m i n i a t u r e Low-Frequency 

Radio Receiver,” NBS Technical Neus 
i Bulletin 3Õ, 68 (May 1951) 10 cents. 

“A High-Temperature Adhesive Tape 
' Resistor," NBS Technical News Bulletin 
3Õ, 100 (July 1951), 10 cents. 

"Small Continuous Furnace for Firing 
Printed Circuits," NBS Technical News 
Bulletin 3Ó, 114 (Aug. 1951), 10 cents. 
“A New Miniature Intermediate-Fre¬ 

quency Amplifier," NBS Technical News 
Bulletin 3Õ, 143 (Oct. 1951), 10 cents. 

"Circuit Printers for Flat and Cylin¬ 
drical Surfaces,” NBS Technical News 
Bulletin 3Õ, 168 (Nov. 1951), 10 cents. 
“Development of the National Bureau 

I of Standards Casting Resin,” NBS Cir-
' cular 493 (1950), 10 pp., 10 cents. 

“Printed Circuit Techniques: An Ad¬ 
hesive Pape Resistor System. NBS Cir-

1 cular 530 (1953), 83 pp., 30 cents. 
"NBS Precured Tape Resistor,” NBS 

Technical News Bulletin 36, 110 (July 
I 1953) . 10 cents. 

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

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

FREQUENCY MODULATION 

Frequency Modulation— by August Hund. No. 43 $6.75 
375 pages, 6 by 9 ins., cloth. An engineering text covering basic 
principles as well as design of commercial apparatus. 
FM Simplified— by Milton S. Kiver. No. 44 $6.50 
847 pages, 5% by 8 ins., cloth. An excellent book for the layman 
who wants to learn about FM transmission and reception. 
Frequency Modulation— by Nathan Marchand. No. 45 $5.00 
409 pages, illus., 6 by 9, cloth. The fundamentals, circuits, and 
equipment used in FM explained using a minimum of mathematics. 

UHF 
Ultra High Frequency Propagation— by Reed and Russell. 
No. 132 $9.50 
562 pages, cloth. An outgrowth of intensive experimental research 
at the I S. Naval Air Test ( enter, making available for the first 
time to the general field of electrical engineering the most recent in¬ 
formation on new developments in UHF propagation. 
UHF Techniques— Edited by J. G. Brainerd. No. 47 $6.50 
534 pages. 6^ by 9^ ins. cloth. A text designed primarily to train 
engineers ami physicists in ultra-high-freq uencv research work. 
UHF Transmission— by Nathan Marchand. No. 48 $4.50 
322 pages, 6 by 9% ins., cloth. For practicing engineers using UHF. 
the principles given are applicable to particular problems. 
Communication at UHF— by John Thomson. No. 49 $4.50 
203 pages, õ1/^ by 8*4 ins., cloth. Covers radio communications at 
these frequencies with emphasis on development possibilities. 

MICROWAVES 
I ntroduction to Microwaves— by Simon Ramo. No. 50 $1.00 
138 pages, 5% by 8% ins., cloth. An excellent non-mathematicai 
treatment of the concept of microwaves for the novice. 
Understanding Microwaves— by V. J. Young. No. 51 $6.00 
885 pages, 5^2 by 8*4 ins., cloth. The underlying principles thor¬ 
oughly explained for engineers, researchers, and students. 
Microwave Electronics— by John C. Slater. No. 52 $6.50 
406 pages, 6 by 9 ins., cloth. A highly technical treatment of war¬ 
time and post-war development in microwaves. 

RADIO COMMUNICATION 
Mobile Radio Handbook— by M. B. Sleeper. No. 54 S2.00 
185 pages, 8% by 11 M ins., paper. Invaluable references for all 
concerned with mobile radio and point-to-point communications 

AUDIO REPRODUCTION 
Pianos. Pianists, and Sonics— by G. A. Briggs. No. 55 S2.50 
192 pages. 5^ by 8% ins., cloth. The evolution and construction, 
touch, tuning, and toning of pianos. Of interest to music lovers. 
Sat. Rev. Book of Recorded Music & Sound Reproduction— 
by E. T. Canby. C. G. Burke. & I. Kolodin. No. 98 $4.50 
320 pages. 6^4 by 91/4 ins., cloth. Complete analyses on all phase? 
of the high-fidelity field Includes eouinment reports. 
Sound Recording— by Frayne and Wolfe. No. 53 $9.50 
686 pages, illus., 6 by 9^4, ins., cloth. For designer, engineer, and 
technician, covers basic problems in recording and reproducing. 
Ixnidspeakers— by G. A. Briggs. No. 56 $1.60 
88 pages, 5 by 8 ins., paper. A thorough yet concise account of 
the “why” and “how” of good reproduction in simple language. 

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

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

ACOUSTICS 
Acoustic Measurements— by Leo L. Beranek. No. 61 $7.00 
914 pages, 5^ by 8V£ ins., cloth. Discusses techniques, apparatus, 
and theory of acoustic measurements for technicians. 
Acoustic Design in Architecture— by Knudsen & Harris. 

No. 62 $7.50 
457 pages. 5% by 8^4 ins., cloth. For engineers and students, a dis¬ 
cussion of principles, procedures, and specific applications. 
Acoustic Design Charts— by Frank Massa. No. 63 $4.00 
228 pages, 6 by 9 ins., cloth. Quick, handy reference for those inter¬ 
ested in design or construction of electro-acoustic apparatus. 

REFERENCE BOOKS 
Principles of Transistor Circuits— Shea. No. 133 $11.00 
A compilation of a large portion of the existing research material on 
transistor circuits. 
Fields And Waves In Modern Radio (2nd Edition)— Rannt 
and U hinnery. No. 134 $8.7.7 
An expansion and revision of first edition, containing much new 
material. A simple yet thorough treatment of the electro-magnetic 
theory. 
The Radio Handbook— Edited by R. L. Dawley, No. 64 $6.00 
726 pages, 6% by ins., cloth. Detailed constructional informa¬ 
tion on a wealth of radio communication equipment; all new’. 
Broadcast Operators Handbook— by H.E.Ennes. No. 65 $5.40 
265 pages, 5% by 8% ins. cloth. A complete guide to operating 
and maintenance practice for broadcasters and technicians. 
Data for Radio Engineers— Federal T. & R. No. 66 $3.75 
675 pages, 5^ by 8V2 ins., cloth. Revised edition of this compre¬ 
hensive reference giving data on all phases of radio engineering. 
Radio Eng. Handbook— by Keith Henney, No. 67 $10.00 
1.197 pages, 6 by 9 ins., cloth. The 4th edition contains the latest 
revisions on all material pertaining to electronics and radio. 
Electrical Eng. Handbook, Vol. 2— Pender. No. 68 $8.50 
1.564 pages, 5% by 8% ins., cloth. Covers field of communications, 
including facsimile, FM, TV, and latest pulse techniques. 
Radio Engineers Handbook— Terman, No. 69 $9.00 
1,019 pages, 6 by 9 ins., cloth. A wealth of technical information, 
specially selected for application toward practical radio problems. 
Microphones— by Engineering Staff. BBC. No. 73 $3.2.5 
114 pages, 5% by 8^ ins., cloth. Covers the theory, design, and 
characteristics of all standard microphone types. 

MISCELLANEOUS 
Radio and TV Almanac— by O. E. Dunlap. No. 71 $4.00 
211 pages. 5^4 by 8 ins., cloth. A chronological record of facts, 
dates, and people important in the history of radio and television. 
Short-Wave Radiation Phenomena— Hund. No. 72 $20.00 
1.382 pages. 6 by 9% ins., cloth, two volumes, not sold separately. 
A comprehensive treatment of propagation theory ami applications. 

Book List Department, RADIO COMMUNICATION, Great Barrington, Mass. 

I enclose S for which please send me the book 
by circled numbers below. (No. C.O.D.'s, please.) 

43 44 45 47 48 49 
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Motorola Communications & Electronics, Inc. 
A SUBSIDIARY OF MOTOROIA, INC 

Motorola 
RADIO COMMUNICATIONS 

Selling or leasing of 

2-way Radio 

Microwave 

Power Line Carrier 

Supervisory Control 

Equipment 

No matter where you are, 

Motorola Service is geared, both 

in distribution and depth, 

to serve and maintain your 

radio communications system in 

conjunction with your present 

personnel. It is the largest 

organization of specially trained 

radio communications service 

people in existence today. 

...with organized Maintenance 

Service Personnel to back the . ■ . - t .*> 

"best engineered 2-way radio 

equipment” 

Motorola is a r 
SERVICE 

organization x

900 N. Kilbourn Ave . Chicago 51, Illinois • Rogers Majestic Electronics, Ltd.. Toronto. Cauda 
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LIGHT POWER 

United States Motors Corp. Announces.. 

MICRO 

the 

ions Standby Power That Operates With 

Source. To Maintain Continuous . • . 

Here's NEW . . . Low-Cost . . . Automatic Standby Insurance ... It s MICRO-POWER 
developed by United States Motors Corporation especially for the Communications Industry 

IT’S AUTOMATIC!. . because it 
operates in conjunction with the main 

source of power as a line voltage 

regulator and stabilizer. Dropping 

voltage is picked -up and maintained 
BEFORE LOSS OF POWER TO ESSEN¬ 

TIAL EQUIPMENT or complete power 
failure. 

IT’S ECONOMICAL . . . because it 
replaces one or more units of costly, 
complicated equipment. 

IT’S ESSENTIAL ... to the com¬ 
munications industry. There are no 
time consuming load "transfers". No 
momentary "drags" or dropping vol¬ 
tage. NO POWER OUTAGES, EVEN 
FOR PRECIOUS SECONDS. 

for complete details and s. 

hkosh, Wisconsin 

ecification. 

MICRO-POWER PROVIDES COMPl 
SERVICE FOR THE COi 

Y AUTOMATIC, UN INTERRUPTED 
INICATIONS INDUSTRY. 

3KW and 5KW Micro-Power Units available for immediate installation. 

Write U. S. Motors Corporation, 

RRUPTED POWER 

SEE MICRO-POWER UNITS 
at the U. S. I. T. A. Convention 
at the Conrad Hilton Hotel, 

October 12, 13 and 14. 

UNITED STATES MOTORS CORP. 
OSHKOSH, WISCONSIN 



PHILCO MICROWAVE: 

Like a Super-Highway in the Sky, 
Philco microwave gives broad, clear 
communication channels, free of 
interference and interruption. 
Super-high frequency Philco micro¬ 
wave with Philco multiplexing 
equipment—either frequency or 
time division—offers wide band 
channels up to 3300 cycles and cir¬ 
cuit design which provides freedom 
from cross talk and distortion. 

Philco microwave is easily expanded 
to 24 voice channels, each divisible 
into 16 sub-channels for telemeter¬ 
ing, control circuits, teletype cir¬ 
cuits or any other signalling needs. 
These channels are in the high-
antenna gain, interference-free 
6000-7500 me. frequency range 
which encompasses adjacent com¬ 
mon carrier, government and 
industrial bands. 

Philco microwave has the highest 
power output of any equipment in 
the 6000-7500 me. frequency range. 
Philco brings common carrier reli¬ 
ability and long-range economy to 
industrial communications. 

Look to Philco to answer your 
multi-channel communications 
requirements. 

For Complete Information Write to Department CE 

PHILCO CORPORATION 
GOVERNMENT & INDUSTRIAL DIVISION • PHILADELPHIA 44, PA. 

formerlv FMTV Radio Commvnication 



ENGINEERING 

CRAFTSMANSHIP 

PRECISION 

PRODUCTION 

DELIVERY 

The top frequency control choice in all electronic 
applications: 

MILITARY • • • MARINE •. • AIRBORNE 

MOBILE . AMATEUR - • • INSTRUMENTATION 

ULTRASONICS • • • STANDARD 

QUALITY 
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reports prove that Radiart Vibrators give LONGER 

LIFE and trouble-free performa nee 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. 
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listing the latest replacement recommendations. 
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RADIO 
ENGINEERING 
LABS., Inc. 
PIONEERS IN THE CORRECT USE OF 
ARMSTRONG FREQUENCY MODULATION 

REL MULTIPLEX RELAY & 
POINT-TO-POINT EQUIPMENT 
Typical of the standard transmitter and receiver designs 

developed by REL for high-quality multiplex and point-to-
point radio circuits is the Type 755-C equipment for 152 to 
174 me. 

The transmitter-receiver unit illustrated above functions 
as a 4-terminal network for frequency-division multiplexing 
of voice, program, telegraph, telemetering, remote control, 
and facsimile up to the equivalent of 5 voice circuits. 
Nominal output is 25 watts or 100 watts. Using the basic 
Serrasoid phase-shifter, performance specifications meet the 
highest requirements of standard telephone practice. 

Operating records of this REL equipment in systems re¬ 
quiring continuously reliable service establish beyond ques¬ 
tion 1) the high degree of stability afforded bv the electrical 
and mechanical tolerances built into REL multiplex equipment, 
and 2) the substantial savings in maintenance cost resulting 
from designs which reflect long experience with adverse 
conditions in all parts of the world Standard specifications 
can be modified to suit special requirements. For engineer-

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

RADIO ENGINEERING 
LABORATORIES, Inc. 

TEL.: STILLWELL 6-2100 TELETYPE: N. Y. 2816 

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

SYSTEMS DATA 
IT was hardly reasonable to expect that the number of mobile, base, and port¬ 
able transmitters shown in this bi-month¬ 
ly department would increase indefinitely. 
Nevertheless, a decrease in all three cate¬ 
gories comes as a surprise. The signif¬ 
icance of the change will not appear until 
another four months have passed. Then 
it will be known whether the peak volmm 
has been passed, or if the .July-August 
period was an exception. 

This data is the most up-to-date anil 
accurate picture of current activity avail¬ 
able since the figures shown are for appli¬ 
cations as they are filed at the FCC. and 
they are compiled from our Weekly Ke-
ports of Applications.1 Totals for the first 
S months of this year show applications 
filed for 51.57(1 mobile units, 1,882 base 
stations, and 3.884 portable units for op¬ 
eration on 30 to 50 or 15'2 to 174 me., 
represe nI ing a volume of about sI million 
per month. That figure does not include 
mobile, point-to-point, and relay systems 
on other frequencies, which may average 
nearly as much again. 

Actual orders for mobile units prob¬ 
ably amounted to substantially less than 
the total of 13.966 shown here, partic¬ 
ularly because 1.755 units are listed for 
common carrier and miscellaneous com¬ 
mon carrier service. Thus the figure rep-

Tor information about this weekly reporting serv 
ice. address Rcghtry Department. ( <»m m ink ation 
Engi neeri ng. The Publishing House, Great Bar¬ 
rington. Mass. 

resents an expected number of sub¬ 
scribers over a period of time rather than 
the number going into use at once. 

Following is a list of transmitters not 
included in the 1’able. because they will 
be operated outside the .30 to 50 and 152 
to 174-mc. bands, for which applications 
were filed during August and September: 

Police: 3!) speedmeters on 2.155 me.; I 
inlerzone CW transmitters on 1.6 to 7.0 
me.: 1 relay on 12 me.. 1 on 75 me., 5 on 
155 me., and 2 on 150 me.; 8 control 
transmit ters on 15!) me. 

Fike: 1 mobile relay on 172 me., relay 
on 160 me., 2 relays on 158 me.. I control 
transmitter on 151 me.. 2 on 158 me. 

Si'i;< I al Emeugeni y: 35 mobile units 
and 10 temporary base transmitters on 
3.19 me. 

Fchesthy Conseuvvuon: 2 mobile re¬ 
lays on 172 me.. 1 relay on 159 me., and 
I relay on 154 me.; 1 control transmitter 
on 161 me., ami 1 on 151 me. 
Highway Maintenance: I speed-

meter on 2. 155 me.: I relays on 72 me.. I 
on 161 me., and 2 on 154 me.: I control 
Iransmit 1er on 72 me.. I on 156 me., and 
I on 155 me. 
Poweu Utility: 15 mobile units on 

157 me.: 3 mobile relays on 153 me.: 3 
relays on 72 me.. 1 on 151 me., and 11 on 
1.905 me.: I control transmitters on 153 
to 172 me.. 3 on 156 me.. I on 1.855 me., 
and 72 on 6.585 to 6,785 me. 

(Concluded on pai/e IS) 

TABLE OF APPLICA TIONS FILED JULY 1 TO AUGUST 30. 1953 
TOTAL TOTAL TOTAL 30 to 50 11IC.- 152 to 174 me. 
MOBILE BASE PORT. MOBILE BASE PORT. MOBILE BASE PORT 

Police . 2.07!) 116 82 1.185 67 15 891 1!) 67 
Fire . 893 82 153 690 61 16 203 18 1:17 
Special Emergency . ¿S0 107 ¿ 191 ff ¿ Sí) 63 — 
Highway Maintenance . 276 2!) — 226 26 — 50 3 — 
Forestry Conservation... 786 If 10 541 25 10 215 1!) — 

Power Utility . 1,042 103 5 583 71 5 159 32 — 
Pipeline Petroleum . 51!) 102 10 391 82 — 128 20 10 
Special Industrial . 2.280 232 10 1.613 190 — 637 42 10 
Low-Power Industrial — — 167 — — 122 — — 315 
Belay Press . 3 — 2 — — — 3 — 2 
Motion Picture . — — 1 — — — — — I 
Forest Products . 22!) 29 3 209 17 1 -’0 P •> 

Taxicabs . 1,689 111 — — — — 1.68!) Ill — 
Kailroads . 1.1 1 I 78 20 — — — 111 1 78 
Highway Trucks . 761 ¿9 — 761 ¿9 — — — — 
Intercity Buses . 106 3 — 106 3 — — -—- — 
Transit Utilities . — — — — — — — — — 
Aulo Emergency . 1K Í IS — 16 f |s — 

Radio Paging . — ¿6 — — *>6 — 
Common Carrier. 960 |o — - 75 1 SS5 9 
Mise. Common Carrier . 795 11 — — — — 795 11 — 

TOTALS . 13.976 1.133 798 6.765 663 201 7,211 170 597 

Comm ink ation Eng i ne eh ing Sept ember Oct ober, 1953 



CORPORATION 

363 East 75th Street • Chicago 19 

Here are the plain facts that speak for 
themselves of 524,300 savings. 

To increase the “talk back” range of 
one-hundred cars from 20 miles to 

25 miles—corresponding to an increase of 
50' < in area coverage—one-hundred 15 

watt transmitters must be replaced with 
60 watt transmitters ... at an 
approximate cost of $25,000. 

You can get the same coverage by 
installing an Andrew 3000-type antenna 

for only about $700. 

One postcard can save you over $24,000. 
Before you buy, write us for a complete 

analysis of costs and antenna types 
to meet your needs. 

formerly I'M 7T Radio Communication 



NEW POWER BOOSTER 
Boosts Power instantly! 

DEPENDABLE 
MOBILE 
COMMUNICATION 

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

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

• WRITE FOR 
SUMMARY 
CATALOG ON 
ALL KAAR 
MOBILE 
EQUIPMENT 

D E A l E R $ I 

Kaar Corp, is a 

major radiotelephone 
manufacturer selling 
through authorized 
dealers. Write for 
complete informa* 
tion. 

ENGINEERING CORP. 
MIDDLEFIELD ROAD • PALO ALTO, CALIF. 

PRODUCT INFORMATION 
Tower Lighting: A 20-page booklet de¬ 
scribes methods and materials necessary for 
installing obstruction lighting equipment on 
antenna towers. Includes layout drawings 
and complete bills of material for towers of 
all heights. Booklet 381 -F available free on 
request to ('rouse-Hinds Company. Syracuse 
10. N. Y. 

Rack-Mounted Oscillograph: Electrical 
equivalent of type 304-A is now available as 
a rack-mounted unit, known as type 304-AR. 
Requires 8ai ins. of rack space. Full 4-inch 
deflection is obtained with inputs from .1 to 
1.000 volts. Frequency response DC to 300 
kc. Allen B. Du Mont Laboratories. Inc.. In¬ 
strument Division. 760 Bloomfield Avenue, 
Clifton, N. J. 

Subminiature Resistors: Type 1106 resis¬ 
tor 3/ Hi in. diameter by 7/16 in. long, is 
rated at .10 watt and is anti-humidity im¬ 
pregnated. Maximum resistance is 100.000 
ohms when standard winding wires are used; 
other resistance wires with special temperature 
coefficients can la* used, but maximum resist¬ 
ance is reduced. Tolerance to zü.05% can be 
obtained. The Da ven Company. 191 ('entrai 
Avenue. Newark. N. J. 

Signal Generator: Providing continuous 
coverage on fundamentals from 125 kc. to 165 
me., model 292XAL Airline microvolt signal 
generator is built specifically for aircraft radio 

service and maintenance. Can be modulated 
externally from 15 to 10.000 cycles. Accurate 
calibration of frequency and output level is 
claimed. Crystal controlled and temperature 
compensated. H. 1). Johnson, The Hickok 
Electrical Instrument Company, 10530 Du 
Pont Avenue, ('leveland. Ohio. 

Portable Towers: A new line of aluminum-
alloy towers features very fast and simple 
erection, extreme rigidity. Towers up to 300 
fl. high can be assembled from individual sec¬ 
tions which fit one on top of another, are put 
together without tools. Wind loading up to 
150 mph. is possible; guys are installed with¬ 
out turnbuckles or cable clamps. Up-Right, 
Ine.. 1013 Pardee, Berkeley, Calif. 

Components Symposium: Text of all 
papers presented at the 1953 Electronic Com¬ 
ponents Symposium is now available in book 
form. Thirty papers and three addresses cover 
General Component Problems; Environment 

and Packaging; Tubes and Tube Reliability; 
Component Reliability; Resistors, Capacitors, 
and Dielectrics; and Devices and Materials. 
Copies can be obtained from the Symposium 
headquarters at Suite 1011. 621 South Hope 
Street. Los Angeles 17, Calif. 

New UHF Equipment: A complete line of 
2-way radio equipment for use in the 450 to 
470-mc. band consists of the CM! -10A mobile 
assembly, shown here; lhe CSU-20A desk con¬ 
sole; and the ( St -20ACK and CSU-IOOACR 

rack-mounted station equipments. Presum¬ 
ably, figures in model numbers indicate power 
output. Mobile case is 13*2 by 5 by 17 ins., 
contains transmitter, receiver, and dual-vibra¬ 
tor power supply. RCA Victor, Camden, N. J. 

Tiny Blower: Production has begun on the 
Minicube subminiature blower, which weighs 
1 ounce including motor, measures only 1 by 1 
by 1 inch, ami delivers 3 cubic ft. of air ¡mt 
minute. Universal mounting ]>ermits applica¬ 
tion for spot-cooling or general circulation. 
Temperatun* range is —55 to 485° C; life 
expectancy is 1.000 hours. Hysteresis syn¬ 
chronous motor turns at 24.000 rpm; 1. 2. or 
3-phase supply; source can be 6.3 volts at 60 
cycles or 26 volts at 400 cycles. Sanders 
Associates. Nashua. N. II. 

New Moniloradio: Model FMC1-L is a 
crystal-controlled fixed-frequency FM radio 
receiver for frequencies between 30 and 50 me. 
New unit replaces model M-51, which was a 
tunable mobile receiver. Sensitivity has been 
increased to better than 1 microvolt, and 
band-width reduced. to make the new mode! 
useful as an inexpensive supplement to exist¬ 

ing 2-way communication systems. Radio 
Apparatus Corp.. 55 North New Jersey Street, 
Indianapolis, Ind. 

Audio Catalog: Recently-issued general 
Continued on page 10 
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CAMBRIDGE I ENGLAND 

j G 

In more than fifty countries Pye radio-telephones 
are indicating the right move. The next step, great or 
small, in divers undertakings. 

In the engineering industry, immediate direct 
communications are vital. The deployment of resources 
to the fullest advantage demands contact. Contact 
swift and sure. Contact at speeds to match the action 
required. 

Whenever men and machines are on the move 
Pye V.H.F. Radio-telephones will promote speed and 
efficiency. 

PYE LIMITED CAMBRIDGE • ENGLAND 

formerly FM-TV Radio Communication 
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Model B 

ELECTRONIC EQUIPMENT 

NOW You Can 
USE a LOW COST 
TRANSMITTER 
DIRECT FROM 

YOUR AC SOURCE 
for Fixed Stations' with 

Send for FREE 
detailed Bulletin BCS654 

MODEL "B 

POWER SUPPLY 

Electro Products Laboratories 
4501 -Cb Ravenswood Ave.. 

Chicago 40, III. 

Canada: Atlas Radio Corp. Ltd., Toronto, Ont. 

A * 
No need to pay thousands for a 
fixed station transmitter when you 
can use a mobile transmitter with 
an Electro Model "B" DC Power 
Supply at a total cost of less than 
seven hundred dollars. 

The Electro Model "B" is the only 
known DC power supply able 
to withstand mobile transmitter 
loads, as proven by actual use 
in the field. Simply plug into any 
110 volt, 60 cycle outlet and con¬ 
vert AC to DC current to power 
these transmitters. 

One Model "B" supplies up to 20 
amperes at 6 volts for small mo¬ 
bile transmitters. Two Model Bs 
connected in parallel supply up 
to 40 amperes at 6 volts for larger 
mobile transmitters. 

Offers big savings for: 
Police, fire, civil defense, taxi, for* 

I estry, pipeline and military radio 
communication systems. 

Pat 2599748 

THIS MONTH’S COVER 
The appointment of Kosel II. Hyde 

as 9th Chairman of the FCC has been 
very favorably received by all the 
communication services, and affords 
well-deserved recognition of his long 
experience in this field, dating back to 
19*28. when he joined the FRC. Mr. 
Hyde was born at Downey. Idaho, in 
1900. lie was admitted to the bar of 
the District of Columbia in 19-29. and 
was general counsel of the FCC when 
he was appointed a Commissioner in 
19 K». While his present term runs to 
June 30. 1959. his first appointment 
as Chairman runs only to May t. 
1954. It is generally expected, how¬ 
ever. that he will be continued in his 
present post after that dale. 

COMPANIES & PEOPLE 
Voice-Radar Identification: Experi¬ 
ence with marine radar has shown that 
it can be used more effectively in com¬ 
bination with 2-way phone communica¬ 
tion. Problem when two or more ships 
ire within radar range is to know from 
which one voice signals originate. Iden¬ 
tification device called Radent, developed 
by Sperry Gvroseope is being tested this 
summer. Also cooperating in this proj¬ 
ect are I . S. Coast Guard, FCC. Ray¬ 
theon. Radiomarine. Federal. Westing¬ 
house. Tropical Radio. Esso Shipping. 
Jansky & Bailey. Lake Carriers' Associa¬ 
tion. and National Federation of Ameri¬ 
can Shipping. 

Col. Edwin L. White: Chief of FCC 
Safety & Special Radio Services Bureau: 
" lhe number of microwave systems is 
growing. There are approximately (10 
systems over 50 miles in length, in addi¬ 
tion to possibly 75 or SO other systems of 
1 or 2 hops only. 'Die longest is that of 
AT&T. linking both coasts for television 
ami other common carrier purposes. 
Over 25 are pipeline systems, and over 15 
are electric power systems. Eight pipe¬ 
line systems approximate or exceed 1.000 
miles in length. The system under con¬ 
struction by the Bonneville Power Ad¬ 
ministration. largest of the electric power 
systems, will extend nearly 1.000 miles.” 

Registry of Ship Radio Stations: 
Members of the Com xi i xk atiox Ex-
¡ixeekixg staff who compile the listings 
ind revisions for our various Registries of 
communication systems will start work 
shortly on a Registry of I . S. Snip Radio 
■stations. This will include ocean-going, 
•oastwise, (¡real Lakes, and Alaskan 
ships. 

Processing of Applications: FCC has 
reduced time of processing applications 

in the transportation service to a matter 
of 10 days. Petroleum service, however, 
is building a backlog, with .‘102 applica¬ 
tions filed in June, only l(il grants 
issued, and (173 still pending. Special in¬ 
dustrial. most active service of all, re¬ 
quires 2'o months to process applications 

RTCM Fall Meeting: Radio Technical 
Commission for Marine Services will 
meet on October 1!) to 21 at the Edge¬ 
water Beach Hotel. Chicago. Technical 
papers will be devoted to electronic and 
navigational aids to shipping on the 
Great Lakes and inland waterways. 
Further information can be obtained 
from R. T. Brown, executive secretary. 
Federal Communications Commission. 
Washington. I). C. 

List of Approved Transmitters: Now 
published as an appendix to Commi xi-
< atiox Exgixeeuixg's revised Registry 
of Public Safety Systems, now off the 
press. This has been added because the 
FCC's list of approved transmitters is 

Continued on page Id 

MEETINGS and EVENTS 
OCTOBER 2-11, 

NATIONAL ELECTRONIC SHOW 
Santa Monica Pier, Santa Monica, Calif. 

OCTOBER 14 - 17, 
AES CONVEN’ION, AUDIO FAIR 

Hotel New Yorker, N. Y. C. 
OCTOBER 19 - 21, 

RTCM FALL MEETING 
Edgewater Beach Hotel, Chicago 

OCTOBER 20 - 22, 
COMMUNICATIONS SECTION, AAR 
Hotel Plaza, San Antonio, Texas 

OCTOBER 26 - 28, 
RIMA-IRE RADIO FALL MEETING 

Toronto, Ontario, Canada 
NOVEMBER 2 - 6, 

AIEE FALL GENERAL MEETING 
Muelehach Hotel, Kansas City, Mo. 

NOVEMBER 12 - 13, 
IRE PROF. GRP. ON VEHICULAR COMM 

Hotel Somerset, Boston, Mass. 
JANUARY 18 - 22, 

AIEE WIN’ER GENERAL MEE TING 
Statler Hotel, New York City 
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W MICROWAVE 

Complete installation service 

from survey to operation 

For thoroughly dependable, 100%-
controlled installation, RCA offers 
you the important benefits of its 
sound over-all planning and com¬ 
plete facilities. 
For route planning, RCA provides 

the services of an expert aerial sur¬ 
vey team—at a cost justified many 
times by its speed and accuracy. To 
help you over the rough spots in 
system planning, RCA offers the 

stallation, RCA will arrange and 
supervise all phases of construction, 
and will place your system in 
operation. 

All, or any part of. the complete 
RCA Communications organization 
is available to you when you specify 
RCA Microwave. 

For successful communication, call 
an RCA Communications represent¬ 
ative located at your nearest RCA 

ROWAVE 

assistance of experienced Micro wave 
field specialists. For successful in-

Regional Office, or mail coupon 
below. 

RADIO CORPORATION of AMERICA 
COMMUNICATIONS SOUIPMINT 

RCA Engineering Products 
Dept. 132U, Building 15-1 
Camden, N. J. 

Please send me your free booklet on: 
□ RCA Microwave 
□ RCA 2-Way Radio 

i 
Name_ 

Title_ Company_ 

Address_ 

City_ Zone_ State_ 

formerly FM-TV Radio Communication 9 



Speeding Electronic Progress 

Tomorrow’s Crystals 

This new JK G-12 is designed for ultra 
stable frequency control in applications 
such as frequency standards, timing and 
counting circuits, broadcast equipment 
and frequency monitors. Electrodes are 
deposited directly on the large, precision-
made quartz plate shockmounted in an 
evacuated glass envelope. Frequency 
range 500 kc to 1 500 kc. Crystal may be 
designed for a minimum temperature co¬ 
efficient of from 0°C to 50°C or for tem¬ 
perature controlled operation at 60°C 
with a JKO7E-115V Oven. Approximate 
height above chassis, 2%" Maximum di¬ 
ameter of octal base, l3/4" Consult us on 
specific applications. 

JK STABILIZED G-12 CRYSTAL 

For the "Difficult" 500 kc to 1500 kc Range 

The increasing demand for ultra-stable frequency control 
to meet today's new requirements has necessitated a 
new approach to crystal design. Evacuated glass en¬ 
velopes — for maximum protection and freedom from 
contamination — are a part of the new design of JK 
Crystals for the Critical. Consult us on your requirements 
for crystals of this advanced design. 

THE JAMES K N I G HTS COMPANY, SANDWICH, ILLINOIS 

NEW PRODUCTS 
(Continued front page 6) 

catalog No. 44 has just been revised; catalog 
44A now covers microphones, microphone 
parts and accessories, and wire and tape re¬ 
cording heads. Shure Brothers. Inc.. 225 West 
Huron Street. Chicago 10. III. 

Emergency AC Supplies: l’p to 250 walls 
of 110-volt AC power can be obtained from 
24 or 48-volt storage batteries with types 
5060A and 5070A emergency power supplies. 
Rated load capacity is sufficient to handle 

load of a 3-channel carrier terminal or re¬ 
peater, or a low-power base station. Auto¬ 
matic transfer is completed within Vá second 
on failure of normal power source; load can be 
returned to normal source manually or auto¬ 
matically. Unit is wall-mounted or rack¬ 
mounted. Complete specs given in Bulletin 
5060A-P2, from Lenkurt Electric Company. 
1105 County Road, San Carlos, Calif. 

Corrosion-Proof Coil Forms: Resin-im 
pregnated coil forms are now available in all 
colors for color-coding of circuits and com¬ 
ponents. Volume resistivity, power factor. 

and thermal characteristics make Resinite AC 
forms ideal for VHF and UHF applications 
involving strenuous operating conditions 
Available threaded inside or out, slotted, 
punched, or embossed. Complete information 
available from Resinite Corp., Dept. C-7, 2035 
W. Charleston Street, Chicago 47, Ill. 

AC Generators: Two new HQ engine-driven 
generators are rated al 10 ami 15 kw., and are 
intended for primary and standby power ap¬ 
plications. Both are driven by 4-cylinder 
water-cooled Continental engines; fuel con¬ 
sumption is said to be less than one quart per 
kwh. at rated load. Regulation is zb 2%. 
Available in all standard voltages, frequencies, 
and phase numbers, housed or unhoused. 
I). W. Onan and Sons, Inc., Minneapolis. 
Minnesota. 

Universal Mike Clamp: Fastening securely 
to virtually any type of surface ledge, round 
pipe, or irregularly-shaped stanchion, model 
SK-1 universal microphone clamp solves many 
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difficult problems of positioning. A micro¬ 
phone can be attached directly to a 3-in. tube 
supplied with the clamp. Full information 
available from Atlas Sound Corp., 1451 39th 
Street, Brooklyn 18, N. Y. 

2 to 4-Mc. Oscillator: Extremely stable 
and accurately variable frequencies anywhere 
between 2 and 4 me. can be obtained with an 
interesting new direct-reading master oscilla¬ 
tor. Last 3 digits of frequency desired are set 
by switches; then dial is set to rough fre- I 
quency, and exact desired frequency pulls in 
and holds with excellent stability. 100-kc. । 
lime-base oscillator is stable within .2 parts 
per million for any 12-hour period, or 1 part 
per million per month. Readability is better I 
than 2.5 cycles. Northern Radio Company. 
Inc., 147 West 22nd Street, New York, N. Ÿ. 

Tubeless DC Supply: Nobatron MA6/15 
DC supply, operating on magnetic amplifier 
principles delivers 100 amperes at 6 volts (ad¬ 
justable to 7.7 volts) or 75 amperes at 12 i 
volts (adjustable to 15.4 volts). Regulation 1 

is ±1% within rated variation in line and 
load. Sorenson & Company, 375 Fairfield 
Avenue, Stamford, Conn. 

Polarity Switch: Model MS-1, designed 
specifically for use with the Simpson 260 
tester, plugs into test-lead jacks on the meter 
and the standard test leads are then plugged 

into it. Then, by merely throwing the toggle 
switch, the polarity of the connection can be 
reversed. Pomona Electronics Company, 524 
East 5th Avenue, Pomona, Calif. 

Standby Power Units: Described as "an en¬ 
tirely new concept of communications standby 
equipment,” Micro-Power AC generators 
maintain continuous, uninterrupted service re¬ 
gardless of main source fluctuation or failure. 
Production is now under way on 3 and 5-kw. 
units; larger sizes are in development. Com¬ 
plete information can be obtained from 
United Slates Motors Corp., Oshkosh, Wis. 

Foamed Resin: Low-density plastic foams 
made from XR1-543 resin have been found to 
be highly resistant to thermal shock, and can 
be foamed in place. Applications are those in 
which extreme temperature resistance without 
high compressive strength is needed, such as 
in vibration damping; electrical, acoustical, 
and thermal insulation; and buoyancy units. 
Density is 10 to 14 lbs. |>er cubic ft. Com¬ 
plete processing information and specifications 
can be obtained from Dow Corning Corp., 
Midland, Mich. 

DC Bench Supply: A dual-output service 
bench DC supply, type 12RS6D, is equipped 
with an ammeter and a voltmeter. Output 
voltage infinitely variable from 0 to 8 volts 
at 10 amperes continuous or 20 amperes in¬ 
termittent; or 0 to 16 volts at 6 amperes con-

Con eluded on page 12 

Had we 
but world enou^ 
and time 
no one would need monitors 
speed in communication is econc 
and often a life and death matter. 

MODEL PR9 FOR 152-174 MC BAND 
Chief McMurtry and members of Sheridan. Indi¬ 
ana, Volunteer Fire Department with John Oakley 
Vice-President of Midwest Fire and Safety Equip¬ 
ment Co. who supervised monitoradio installation. 

If you have a police, fire, forestry, 
pipeline, civil defense, taxi or any 
other vital 2-way radio system, here is 
how monitors pay off. 

Says Chief McMurtry—of the Sheri¬ 
dan, Indiana, Volunteer Fire Depart¬ 
ment: 

"In the past, the largest obstacles 
for our Volunteer Fire Department to 
overcome has been the method of de¬ 
termining the exact location of the 
fire and beating the traffic there. Speed 
of course is essential for the efficient 
operation of any Fire Department. 
Now, with the Town Police Radio 
Base Station located in the Depart¬ 
ment and with the use of 18 PR9 
Receivers in the homes of our mem¬ 
bers we not only learn of the fire 
before the Town Siren is blown, but 
we in many cases arrive at the fire 
before the equipment.... We do not 
hesitate to recommend this Receiver 
to any Department’.’ 
Franchises available, write for infor¬ 
mation. 

RADIO APPARATUS CORPORATION 
FACTORY — IS NORTH NEW JERSEV STREET 
INDIANAPOLIS 4. INO.. PHONE: ATLANTIC 1'24 
SALES OFFICE: Hit WEST SIND STREET 
CHICAGO 1« ILL., PHONE: BEVERLY 1-7771 

MONITORADIO 



Here’s why those in the know 
-demand 

Quarter turn rugged Acme thread 
for quick, easy disconnect. 

Removable insert barrel 
for bench wiring. 

Pin and socket contacts are 
precision-machined from solid bar stock, 

electroplated with silver or gold 

Split shell makes wiring and 
inspection jobs easier. 

Full-floating socket 
contacts relieve 
strain on contacts, 
provide smoother 
operation. 

CANNON 
PLUGS 

Recognition of Cannon’s 36 years of sound 
engineering and fine, uncompromising con¬ 
struction has built the demand for Cannon 
Plugs. Here we take an inside look at the 
lightweight Type "K” 90° connector, fore¬ 
runner of the Army-Navy Series. More fea¬ 
tures of the "K” were incorporated into the 
"AN'' design than any other connector. 

Constantly improved over the years, Type 
"K” is now used for numerous applications 
such as aircraft, radio, television, sound, 
phone recorders, motion pictures, geophysi-

CANNON 
ELECTRIC 

Since 1915 

Cannon Electric Company 
Los Angeles 31 

California 

Factories in Los Angeles, Toronto, New 
Haven. Representatives in principal 
cities. Address inquiries to Cannon 
Electric Company, Department |j 146 
Los Angeles 31, California. 

cal research and widely used throughout the 
electro-mechanical and electronic instrument 
fields. 
The design and construction details in the 

Cannon ”K” Series are typical of the care 
Cannon takes in producing more than 18,000 
precision, multi-contact connectors to serve 
the exacting needs of industry. 
We will gladly send you engineering bul¬ 

letins describing each of the many basic 
types of Cannon Plugs if you will briefly 
describe your applications. 

Diagram at left shows how the four positions of 
cable entry on the large 90° "K” endbell make 
the wiring job easier. Smaller Type "K” con¬ 
nectors have three positions. 

Type "K” and "RK” connectors are avail¬ 
able in 7 shell types having 8 diameters. 
Inserts have more than 190 contact ar¬ 
rangements. Some of these have Coax, 
Twinax or Thermocouple contacts as stand¬ 
ard. Integral cable clamps available in all 
"K” plug types. 

SYSTEMS DATA 
(Continued from page 4) 

Pipeline Petroleum: 46 mobile and 
3 base transmitters on 1.62 to 2.39 me., 

40 mobile and 2 base transmitters on 451 
me.; 1 relay on 75 me.; 1 control trans¬ 

mitter on 75 me., and 2 on 456 me. 
Special Industrial: 50 mobile units 

and 1 base transmitter on 2.29 me., 2 base 
transmitters on 451 me.; 1 relay on 30 

me., 3 on 73 me., 1 on 154 me., and 8 
on 456 me.: 1 control transmitter on 30 

me., 5 on 75 me., 3 on 154 me., and 11 

on 457 me. 
Forest Products: 1 relay on 451 me., 

1 on 956 me.: 1 control transmitter on 
456 me., and 1 on 959 me. 

Taxicabs: 100 mobile units and 2 
base transmitters on 152 me. 

NEW PRODUCTS 
(Continued from page 11) 

tinuous or 14 amperes intermittent. Sell¬ 
resetting overload protection is provided. 
P. R. Mallory & Company, Inc., 3029 E. 
Washington Street, Indianapolis 6, Ind. In¬ 
quiries should be addressed to W. II. Dunning. 

Tubes & Components: Literature and tech¬ 
nical data are available on the following: 
CBS-1 lytron, Danvers, Mass.— A compre 

hensive 8-page transistor manual is offered 
free of charge. Theory, data, and application 
(with specific circuit examples) are treated in 
an easily-understood manner. 
RCA Tube Department, Harrison, N. J.— 

Premium tube type RCA-6101, a ruggedized 
and improved version of 6j6; RCA-5719, high-
mu subminiature triode with flexible leads; 
RCA-5814, medium-mu 9-pin miniature twin 
triode; and RCA-5840, sharp-cutoff subminia¬ 
ture pentode with flexible leads. RCA-
5ABP-1, -7,-11, oscillograph tubes featuring 
exceptionally high sensitivity and trace de¬ 
tail. RCA-5690, full-wave vacuum rectifier 
of Special Red type. 12AQ5, 7-pin miniature 
beam power amplifier for mobile receiver out¬ 
put stages, within ratings, electrically equiva¬ 
lent to 12V6-GT. 

Radio Receptor Company. Inc., 251 W. 
19th Street, New York 11. N. Y.— JAN type 
1N34A germanium diode, in tapered case for 
easy polarity identification. 

Sylvania Electric Products, Inc., Electronics 
Division, 1740 Broadway, New York 19, N. Y. 
— Two new point-contact transistor types: a 
4-element unit, or tetrode, now available; and 
a 5-element unit, or pentode, expected later in 
this year. Tetrode designed primarily for 
switching and small-signal mixing and modu¬ 
lation applications. 
Texas Instruments, Inc., 6000 Lemmon 

Avenue, Dallas 9, Texas — Hermetically-
sealed junction transistors 200 and 201, both 
n-p-n triodes; minimum alpha for 200 is .90, 
for 201, .95. Bulletin DL-S 310. Also point¬ 
contact transistors 102 and 103, differing 
principally in cutoff time. Bulletin DL-S 312. 

Transistor Products, Inc., Snow and Union 
Streets, Boston 35, Mass.— Type X-25 n-p-n 
junction amplifying photo transistor, first 
commercially available. Has power output 
sufficient to operate a relay. 

Westinghouse Electric Corp., Electronic 
Tube Division, Dept. T-329, Box 284, Elmira, 
N. Y.—A 47-page booklet, RU-020, gives 
characteristics and ratings of over 300 Relia-
tron receiving tubes. 
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COMPANIES & PEOPLE 
(Continued from page 8) 

not available from the Commission. 

There are 713 different models from 38 
manufacturers in the list as of May 1. 
Forthcoming editions of the Transporta¬ 
tion, Industrial, and Air-Ground & Com¬ 
mon Carrier Registries will also carry the 
list of approved transmitters, with 
changes and additions made by the FCC 
up to the time of publication. 

Radio Speeds Materials: Mobile radio 
units are becoming standard equipment 
on fork-lift trucks and other material¬ 
handling vehicles in factories and plant 
yards. Here again, the investment in 

radio is being returned quickly by in¬ 

creasing the work capacity of each truck, 
and by ehninating expensive delays in 

getting materials and finished products 
where and when they are needed. 
Factory managers who are not ac¬ 

quainted with the successful application 
of radio in this service seem to assume 
that reception is affected adversely by 
steel building construction and the pres¬ 
ence of large masses of metal. Fortu¬ 
nately, that is not the case, for metal 

objects cause reflection and refraction of 
radio waves, thereby providing complete 

distribution, free of dead spots. Also 
there is the audible competition from 
noisy machines. Tn such cases, a loud¬ 

speaker of the reentrant-horn type, 

mounted behind the driver, is used for 
calling, and a handset for communica¬ 
tion. When handset is picked up. the 

speaker is shut off. 

Calls for trucks are made bv ordinary 
telephone to the dispatcher. He talks to 
the truck drivers by radio, determining 

which one should be routed to the next 
job. This prevents arguments and accu¬ 
sations that the drivers are loafing. If a 
driver must leave his truck, he reports 
that to the dispatcher, and calls when 

he returns. 
Incidentally, it is surprising to see how 

many women are employed to operate I 

the trucks. Reason is that women are ¡ 

more careful! 

Albert F. Watters: Vice president in 
charge of personnel for RCA Victor di- , 
vision: “Management is meeting the 
problem of professional recognition in a 
number of ways. There has been a whole¬ 
some revaluation of the basis of engineers’ 
compensation. One approach to the 
problem is elevating outstanding engi¬ 

neers to staff positions in which their 

specialized talents will be given full play, 
but which do not involve administrative 
responsibilities. This is a tangible recog¬ 

nition, making possible incomes compar- I 

ing favorably with those at managerial | 
levels. Another way is to designate out-

Con t in tied on page H | 

A basic part of microwave radio links is carrier equipment 
to put the desired number of voice channels into one wide 
frequency band for transmission between distant points. 
But many of the early installations of microwave systems 
depended on "custom-buiT1 carrier equipment— often an 
expensive modification of telephone carrier equipment 
designed for wire-line transmission. 

For nearly a decade Lenkurt hes been filling a practical 
need in multi-channel racio systems by providing carrier 
equipment specifically for radio and designed for quantity 
manufacture. Using frequency division methods to assure 
maximum system versatility, Lenkur* radio carrier systems 
multiplex from 4 to 72 voice channels for transmission over 
any suitable radio equipment. Each carrier-derived chan¬ 
nel is "toll quality" — it can be used by telephone companies 
connected to the nationwide toll network as well as in 
the private systems of ra'lroads, pipe lines, electric utilities 
end government agencies. 

Radio channelizing equipment by Lenkurt, leading inde¬ 
pendent manufacturer of telephone carrier systems, is used 
with VHF and microwave equipment of most major radio 
manufacturers in both common carder and 
private communications installations 
throughout the world. 

PUTTING MANY VOICES 
ON ONE TRANSMITTER 

CALIFORNIA 

IR1 
ARLOS 1 
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rely on AMPHENOL components 
COAXIAL CABLES 
Amphenol Cables are designed and 
manufactured to meet the most exactinf 
of military requirements. This insures 
a constant high standard of 
production for civil communication 
circuits, too. These cables have strict 
end-to-end uniformity, low RF loss 
and all-around superior mechanical 
efficiency. Polyethylene is the dielectric 
most used in Amphenol Cables due 
to its flexibility and low water 
absorption. For extreme heat conditions, 
Teflon* dielectric is used. 

Professional Directory 

FRANK H. MclNTOSH 

Consulting Radio Engineer 

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

MEtropolitan 8-4477 

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 

COMPANIES & PEOPLE 
(Continued from page 13) 

standing engineers as consultants, with 
remuneration based on their engineering 
prestige, rather than on established earn¬ 
ing brackets. A third way is to name 
such engineers to positions of prestige 

outside the company, such as national 
and industry committees and agencies.” 

Transatlantic Telephone: In 1903. 
Prof. Michael Pupin expressed the 

opinion that transatlantic telephone serv¬ 
ice would not be economically successful. 
His reason was that such service would 
be used chiefly during a period of 6 to 7 
hours on business days, but that would 
be reduced to a matter of 1 or 2 hours per 
day because of the 5-hour difference in 
time between New York and London and 
Paris. 

RF CONNECTORS 
Important to communication 
continuity, cable connectors have to be 
of top quality. Amphenol RF 
Connectors are designed and built to 
preserve the desired transmission 
characteristics with a minimum of loss 
and interference—for years! Like 
Amphenol Cables, they conform to rigid 
military specifications. Amphenol RF 
Connectors are available in many 
types and designs; some with Teflon* 
inserts for covered equipment or 
other high temperature applications. 
♦E. I. DuPont Reg. trade mark 

distributor see your AMPHENOT 
AMERICAN PHENOLIC CORPORATION 

Chicago 50, Illinois 

IRE Vehicular Radio Group: Fourth 
annual meeting will be held at Hotel 

Somerset, Boston. November 12 and 13. 
Conference theme will be: Design. Plan¬ 

ning and Operation of Mobile Communi¬ 

cation Systems. Further information can 
be obtained from Col. Edwin L. White, 
chairman. Chief of the Safety & Special 
Service Bureau, FCC, Washington. D. C. 

•Iulius G. Aceves. 1888-1953: Passed 
away in New York City on August 17. A 
native of Mexico City, he was graduated 

from Columbia University in 1913, con¬ 
tinuing there as an assistant to the late 
Dr. Michael 1. Pupin until 1927. The 
following year, he joined Ernest Amy and 

I Frank King in organizing the firm of 
Amy. Aceves & King, specialists in the 

I design and installation of master antenna 
systems. 

Concluded on page 15 



Professional Directory 

Consulting 

Radio & Electronic Engineers 

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

Engineering Building 
1339 Wisconsin Ave., N.W. 

Washington 7, D. C. AD 4-2414 

WELDON & CARR 

Consulting 
Radio & Television 

Engineers 

Washington, D. C. Dallas, Texas 

1605 Connecticut Ave. 4212 So. Buckner Blvd. 

JOHN D. TRILSCH CO. 
TOWERS for 

RADIO • TELEVISION 
COMMUNICATION 

1310 McKinney Ave., Houston, Texas 

Phone: ATwood 9351 

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. 
7349 Beverly Blvd., Los Angeles 36, Calif. 

RUSSELL P. MAY 

CONSULTING RADIO ENGINEERS 

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

Kellogg Building Republic 3984 

Member AFCCE 

W O R K S H O P 
ASSOCIATES 

DIVISION 
W THE GABRIEL COMPANY 

Specialists in 
High-Frequency 
A ntennas 

Endicott Street Norwood, Maeeacli tinette 
NOrwood 7-3300 

COMPANIES & PEOPLE 
(Continued from page H) 

Point-to-Point on 460 Me.: First li¬ 

cense for a 460-mc. point-to-point sys¬ 
tem was granted to the Swan Rubber 
Company, for use between its plants at 
Bucyrus and Carey, separated by 25 
miles. It is expected that this band will 
come into wide use for such service, for 
it is inexpensive, dependable, convenient, 
and fast in operation. Motorola equip¬ 
ment was used for this installation. 

Short Electric Waves: In a paper pre¬ 
sented before the AIEE and IRE in June. 
1922, Guglielmo Marconi said: “I feel — 
and perhaps you will agree with me — 

that the study of short electric waves, 
although sadly neglected practically all 

through the history of wireless, is still 
likely to develop in many unexpected 
directions, and open up new fields of 

profitable research.” 

Telephone Taxes: Operating and ex¬ 
cise taxes paid by Bell System companies 
in 1952 amounted to more than one-half 
the amount paid out in wages. Excise 
taxes on phone calls are in some cases a 
persuading factor in consideration of in¬ 

stalling privately-owned microwave sys¬ 

tems. 

John Stone Stone: According to Dr. 
Benjamin E. Shackleford, director of 
RCA’s license department, back in 1904 
John Stone Stone filed 17 patent applica¬ 

tions in a single day. One was on perme¬ 

ability tuning. 

Universal 6 or 12-Volt Units: New 
mobile units are being designed to work 
interchangeably on 6 and 12 volts. This 
means that they can be shifted between 
6-volt passenger cars and 12-volt trucks. 

Also, they anticipate the use of 12-volt 
car batteries, which may become prev¬ 

alent before new equipment reaches re¬ 

placement age. 

Col. Thomas Warner: Now back in 
Chicago, is heading up the National Bus 

Communication Committee, with office* 
in the Board of Trade Building. So far. 

this segment of the transportation radio 
service has not been particularly active, 
but it is expected to become so in the im¬ 

mediate future. 

Jointly Operated Relay System: FCC 
has authorized Middle South I tilities 

Network to operate a communication 

system on behalf of five power com¬ 
panies. System will extend through 
Arkansas. Mississippi and Louisiana, and 

will be comprised of 10 repeaters and t 
terminal stations. The participating 
companies are already licensees in the 

industrial service. 

Professional Directory 

KEAR & KENNEDY 
Consulting Radio Engineers 

1302 18th St., N. W. HUdson 3-9000 

Washington. 1). C. 

GEORGE P. ADAIR 
Consul ting Engineers 

Radio, Communications, Electronics 

1610 Eye St., N.W. EXecutive 3-1230 

Washington 6, I). C. 

16-MM Professional Motion Picture 

Production Equipment 

J. A. MAURER, Inc. 
37-07 31st Street, Long Island City 1, N. Y. 

Tel. STillwell 4-4601 

MEASUREMENTS 
CORPORATION 

Harry W. Houck Jerry B. Minter 
John M. van Beuren 

Specialists in the Design and 
Development of Electronic Test Instruments 

BOONTON, N. J. 

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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TIME PROVED 
Eimac 4W20.000A gives 25 kw peak 
sync power output through channel 
13 with only 500 watts driving power 

32 kw 

650 ohms 
7000 volts 
1200 volts 
—150 volts 

16.5 kw 
15.5 kw 

Block Level 
4.5 amps 

100 ma 
45 ma 

220 volts 
300 watts 

Peak 
Sync Level 

Load Impedance 
D-C Plate Voltage 
D-C Screen Voltage 
D-C Control-Grid Voltage 

TYPICAL OPERATION 
Class-B Linear Amplifier—Television Visual Service 

(Per tube, 5 me bandwidth, 216 me.) 

D-C Plate Current 
D-C Screen Current 
D-C Grid Current 
Peak RF Grid Voltage 
Driving Power 
Plate Power Input 
Plate Dissipation 
Useful Plate Power Output 

FOR THREE YEARS THE EIMAC 4W20,000A 
has been proving itself an outstanding 
power tube in a variety of electronic appli¬ 
cations. In VHF-TV operation it gives an 
easy 25 kw peak sync power output with only 
500 watts driving power. This high power out¬ 
put with low driving power requirements is 
typical of Eimac radial-beam power tetrodes. 
Rugged 4W20,000A construction includes a ce¬ 
ramic envelope that minimizes losses and increases 
operational life. In pulse service, FM and TV opera¬ 
tion the 4W20,000A is the only time proved tetrode 
in its power class. 

Information about the 4W20,000A or 

any of Eimac's complete line of electron 

power tubes can be obtained by writing 

our Application Engineering department. 

The Power for TV 

EfTEL-McCULLOUGH, INC., san bruno, california 
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COMMUNICATION REVIEW 
ALTHOUGH it has not been finalized at this time of writ¬ 

ing, it is certain that FCC assignments in the band from 

450 to 460 me. will follow a new plan which has not been em¬ 
ployed previously. Each of the five services to occupy this 
band will have two widely-separated groups of channels. The 

lower group of each pair will be assigned to both base and 
mobile transmitters, while the upper group will be for mobile 

use only, as indicated below. 

REMOTE BROADCAST PICKUP SERVICE 
Base & 

450.05 
150.15 
150.25 

150.35 
150. 15 

Mobile 
150.55 
150.65 
150.75 
450.85 
450.95 

Mobile Only 
455.05 455.55 
455.15 455.65 
455.25 455.75 
155.35 155.85 
155.45 155.95 

INDUSTRIAL SERVICES 
Base & Mobile 

151.05 151.55 

451.15 151.65 
151.25 151.75 

451.35 151.85 
151.45 151.95 

Mobile Only 
156.05 156.55 
456.15 456.65 
456.25 456.75 
456.35 456.85 
156.15 156.05 

LANI) TRANSPORTATION SERVICES 
Base & Mobile 

452.05 452.55 
452.15 452.65 
152.25 152.75 
452.35 452.85 
152.45 452.95 

Mobile Only 
157.05 457.55 
157.15 457.65 
457.25 157.75 
157.35 457.85 

157. 45 457.95 

PUBLIC SAFET Y SERVICES 
Base & Mobile 

153.05 153.55 
453.15 153.65 

453.25 453.75 

153.35 453.85 
153.15 15.3.95 

Mobile ( )nly 
158.05 158.55 
458.15 458.65 
458.25 458.75 

458.35 458.85 
158. 15 458.95 

DOMESTIC PUBLIC SERVICES 
Base & Mobile 

15 1.05 454.55 
151.15 451.65 
151.25 451.75 
151.35 451.85 
151.15 451.95 

Mobile: Only 
459.05 459.5. 
459.15 459.6, 
459.25 459.7; 
459.35 159.8. 
159.15 159.9. 

□ MOBILE DOMESTIC PUBLIC — — | j 

□ base IS®- PUBUC s‘rET ’'- 1 I 
-j. TRANSPORTATION — | 1 

REMOTE BCST PICKUP 

452 453 454 455 458 457 458 
BANOS FOR BASE & MOBILE TRANSMITTERS MEGACYCLES 

45» 480 

RELATIVE SPACINGS OF FREQUENCY GROUPS FOR THE 5 MOBILE SERVICES 

Under this arrangement, systems using the same frequency 

to talk out and to talk back would be assigned to a channel in 
the lower group. Those using one frequency to talk out and 

another to talk back would be assigned one channel in each 
group. The groups are separated sufficiently to permit simul¬ 
taneous transmission and reception without interference. This 
advantage in speeding message traffic is not generally available 

formerly FM-TV Radio Communication 

on VHF because, even when two channels are assigned to one 
system they are so close, in most cases, as to make duplex op¬ 

eration impractical. It will be very interesting to observe the 
results under operating conditions ot this etlort by the Com¬ 
mission to effect an improvement in allocations to the commu¬ 

nication services on 450 to 460 me. 

ITH more and more large companies formulating 

plans to use microwave relay and point-to-point communica¬ 

tion systems, the question of interconnecting privately-owned 
facilities through Telephone Company PBX boards assumes 
greater importance as a factor of system engineering, initial 
cost, and operating expense. This, it should be explained, is 
only a matter of connecting telephone instruments at terminal 
or relay points over the radio circuits. It does not involve 
calls placed through the Telephone Company’s central offices. 

Accordingly, we asked AT&T for official information on 
Company policy on this subject. In reply, we received what 
is probably the only official, public statement that has been 

made by AT&T concerning this important matter: 
"The American Telephone and Telegraph Company, Long 

Lines Department, issued on April 9 to become effective May 
1.3, revisions in its Tariff F.C.C. No. 131 (General Regulations 
Tariff for Private Line Services and Channels) covering the 
conditions under which communication facilities of power and 

pipe line companies will be connected with facilities of the 
Telephone Company. Similar tariff revisions have been filed 
by most of the Associated Bell Telephone Companies. 

"Power and pipe line companies have special communica¬ 
tions requirements since these particular industries involve 
constant control of operations essential to the public welfare 
and extending along lengthy intercity physical rights-of-way 

which are frequently located without regard to hazard or in¬ 
accessibility to communication facilities of the Telephone Com¬ 

pany. 
"In earlier days, the only practicable way of meeting these 

requirements in many cases was lor the power or pipe line com¬ 

pany to provide its own communications facilities along its 
right-of-way which, as indicated, often involved inaccessible, 

remote, or hazardous locations. In such cases, where connec¬ 
tions with Telephone Company facilities were required, these 

were arranged for under operating agreements. 
"These arrangements, which in many instances contem¬ 

plated exchange and toll connections for the right-of-way 
facilities, were necessary exceptions to the Bell System ( om-
panies’ general undertaking of providing and maintaining all 
facilities required in furnishing exchange and toll telephone 
service to the public. The tariff provisions covering these con¬ 
nections were filed in the Telephone Companies exchange 

tariffs, since the customer facilities were connected with facil¬ 

ities used for exchange service, usually private branch ex¬ 
changes furnished to the customer by the 1 elephone ( ompany . 

"Today the Telephone Companies are in a far better posi¬ 

tion to supply the services needed by the power and pipe line 
companies. The Bell Companies are confident that, in co¬ 

operation with their connecting Independent Telephone ( om-

panies, they can do so in a manner thoroughly satisfactory to 
these customers, and they are prepared to take whatever steps 
are required. This applies to all services which the Bell Com¬ 

panies offer. 
"Recently, the general matter of connecting with Telephone 
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Company facilities under present-day conditions has been dis¬ 

cussed with committees representing the power and pipe line 
companies, as well as with individual companies in these fields, 
and modernized operating arrangements have been coopera¬ 
tively developed for application where communication facilities 
of the power and pipe line companies are to be connected with 
relephone Company facilities. These arrangements may be 
briefly summarized as follows: 

"Where a power or pipe line company wishes to have the 
Telephone Company do the lull communications job, the Tele¬ 

phone Company will undertake to do so. In the infrequent 
cases where it is impracticable for the Telephone Company to 
provide certain portions of the right-of-way facilities (due. for 

example, to such factors as inaccessibility, remoteness, or 
hazard) the Telephone Company will connect with the cus¬ 
tomer’s facilities along such portions, including exchange and 
toll connections. 

"Where a power or pipe line company wishes to have the 

Telephone Company provide the right-of-way facilities, and 
time is required to permit an orderly disposition of existing 
privately-owned facilities, the Telephone Company will pro¬ 
vide additions and extensions to, and will connect with, such 
privately-owned facilities during the interim period, including 
exchange and toll connections. 

"W here a power or pipe line company wishes to use its own 
right-of-way communications systems, whether wire or radio, 
the Telephone Company will connect for PBX station or 
private line use, but not for exchange and toll use except in 
emergencies. 

The tarif! modifications recently filed cover these revised 
connection arrangements applicable to power and pipe line 
companies.” 

1 he tarif! referred to above does not set forth any specific 
requirements or performance standards, but it covers that sub¬ 
ject in these general terms: 

“The magnitude and character of the voltages and currents 
impressed on the Telephone Company’ channel by the cus¬ 
tomer-owned equipment and wiring, and the operation and 
maintenance of such equipment and wiring shall be such as not 
to interfere with any of the services offered by the Telephone 
Company or interfere with others. The characteristics of the 
customer-owned apparatus shall be such that its connection to 
the Telephone Company channel does not interfere with serv¬ 
ice over other Telephone Company circuits or channels, or 
impair privacy of conversations over such circuits or channels. 
In cases in which additional protective equipment is required, 
this shall lie provided by the customer or by the Telephone 

Company at the customer’s expense. Such equipment shall be 
suitable to avoid hazard of damage to Telephone Company 
plant or of injury to Telephone Company employees or to the 
public because of the character or location of customer-owned 
apparatus and ot sources of power to which it is connected. 

"The 'relephone Company may. upon suitable notification 
to the customer, make such tests and inspections as may be 
necessary to determine that the above requirements arc being 
complied with in the installation, operation, and maintenance 
of customer-owned equipment. I he Telephone Company may 
interrupt the channel if at any time such action should be¬ 

come necessary in order to protect any of its services because 
of departure from these requirements.” 

* JL * WO papers on microwave systems, now in course of 
preparation for Communication Engineering, will merit spe¬ 
cial attention from readers concerned with system engineering. 

One will describe the Freeport Sulphur installation on the 
Mississippi Delta. In addition to many unique operational 
features, this installation is unusual in that so much of it ex¬ 
tends over water. 

MIDDLE SOUTH MICROWAVE SYSTEM WILL SERVE FIVE POWER COMPANIES 

'Die second paper will detail the system planning for the 
new $500,000 microwave relay to lie installed by Gulf States 
Utilities ami Middle South Utilities. A total of 16 repeaters 

and four terminals will extend over 490 miles, but multi¬ 
plexed circuits will provide 11,700 channel miles. These will be 

used for private and party-line telephone, teletype, telemeter¬ 
ing, supervisory control, and communication with mobile units. 
Some 10 unattended substations will be operated by remote 

radio control. The accompanying map shows the extent of 
the system. 

OfFERS by the relephone Company to purchase public 
utility’ and pipe line radio systems, and to then rent such radio 
facilities to the original owners have more recently been ex¬ 
tended to excursions into public safety and other special serv 
ices. Such proposals have aroused strong opposition partic¬ 
ularly among supervisors, chief engineers, ami the maintenance 
men of state and municipal systems. 

Principal argument against operation by the Telephone 

Company is that those now employed to operate and maintain 

radio systems would lose their jobs. That attitude is under¬ 
standable, but it is not altogether realistic. If Bell System 
companies purchase and lease back such facilities, they’ will 
have to set up extensive radio installation and service depart¬ 
ments, and they' would undoubtedly find places for all the 
capable men displaced from their previous positions. As for 
wages— they would probably be higher. Thus, it does not ap¬ 

pear that any’ reasonable objection can be raised on the basis 
of loss of employment. 

There is, however, a totally different reason why each 
public safety, industrial and transportation radio system 
should be operated independently. 

Presumably, strikes against the Telephone Company would 
affect the radio communication systems. In such an event, 
police protection of lives and property, and the operation of 

public utilities and transportation could be virtually' paralyzed. 
For example, municipal police radio plays an important 

part in quelling disorders. It would be such a simple matter 

to render a headquarters transmitter inoperative. State police 
and state highway patrol systems have many remote, unat¬ 

tended, and highly vulnerable transmitters. Public utilities, 
pipe lines, and industrial systems are using radio to an in¬ 

creasing extent as a means of operating remote, unattended 
controls. Fire and taxi systems are of vital importance under 

emergency’ conditions, particularly' when any area must be 
evacuated. All these considerations add up to emphasize the 
necessity for independent, local operation. 
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Dispatching a Large Taxi System 
HOW THE PROBLEMS OF LARGE FLEET DISPATCHING WERE SOLVED FOR THE 
DETROIT CHECKER COMPANY — SYSTEM DESCRIPTION — By JAMES A. CRAIG-

A little more than two years ago, the Link Radio Corpora¬ 
tion was engaged by the Checker Cab Company of De¬ 

troit, Michigan, to design and install a 2-way radio system 

capable of handling the expected traffic. This was not a sim¬ 
ple requirement to meet, since the fleet was made up of 897 
taxicabs with an exceptionally high ratio of dispatched calls 
to cruising pickups. Our solution, therefore, may be of in¬ 
terest to others concerned with dispatching large fleets, and is 
accordingly narrated here. 

System Facilities: Assuming that each cab worked two shifts 
per day, and handled 15 dispatched calls per shift, the radio 
system woidd have to be capable of handling 30 calls per cab 
per day, or a total of more than 25,000 calls per day. 

However, since each day has its short peak-load period 

and longer slack periods, such a figure is not normally to be 
expected on a 24-hour basis. On the other hand, even if a 24-

hour load of one half 25,000 calls per day were taken as repre¬ 

sentative. this would still mean over 500 calls per hour, or al¬ 
most 10 calls per minute. Since peak loads could be easily 

double the average hourly rate, it became apparent quickly 
that this would be no ordinary radio system. One base sta¬ 

tion could not begin to handle such an amount of traffic. More 
important, the work load would have to be split up among 
many dispatchers. But to realize any advantage, dispatchers 
would have to be provided witli simultaneous access to the 
radio facilities without mutual interference. 

Working closely with cab company officials, we divided the 

city into zones. The ultimate number of zones and the area 
included in each zone was predicated on Checker Cab’s traffic 

experience in Detroit. Every effort was made to distribute 
the traffic so that the present busy zones would not be over¬ 

loaded and, at the same time, to provide zones in the outer 
fringes of the city that could absorb traffic growth to be ex-

■ Assistant Chief Engineer, Link Radio Corp., 125 West 17th Street, New 
York 11, N. Y. 

pected from population shifts and the increased business ac¬ 
cruing because of the advantages of taxi dispatching by radio. 

After many changes in the quantity of zones and shifts in 

zone boundaries, the arrangement shown in Eig. 1 was made. 
It can be seen that eight zones are utilized and that three 
425-mc. taxi channels are employed. Initially, two channels 
were planned, but it was impossible to arrange zones so that 

the same channel was not used in any adjacent zones. With 
three channels, zones operating on the same channel are always 
separated by a zone operating on a different channel. 

Two requirements were given greatest importance in the 
development of the zone system: first, complete coverage of 
each zone by its associated transmitter; second, minimum sig¬ 
nal overlap between common-channel zones. These require¬ 

ments are virtually in direct opposition. A certain amount oí 
overlap in one zone from another same-channel zone could In' 
tolerated if unavoidable, provided that each transmitter signal 
would completely capture a receiver within its zone. 

Meeting these rquirements involved many experimental 

checks on antenna heights, locations, and configurations, and 
variations in transmitter powers. It soon became obvious that 

transmitter power played a minor role in determining coverage 

at 450 me. If line-of-sight transmission existed on a given cir-
cuit path 2. 20. and 40 watts produced nearly the same results. 
Therefore, the zone transmitters were all made standard 20-
watt equipments. 

Pattern-shaping was attempted, using phased coaxial and 
ground-plane arrays, to provide coverage without overlap ac¬ 
cording to individual zone shapes. Here also the results were 

unimpressive, for the same reason that transmitter powers 
made little difference in coverage. In using phased arrays to 

produce figure-eight, cardioid, or other patterns, a boost in 
power in some directions is gained at the expense of a power 

loss in other directions. Such arrays are not intended to form 
a beam or to completely eliminate radiation in any sector. 

Even though power had been thus reduced in a certain direc-
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tion no loss was noticed in mobile contact within the affected 
area, since power in itself is relatively unimportant. 

The most important factor affecting coverage, in virtually 
all cases, was antenna height. Indeed, at antenna elevations 

of 60 to 75 feet, the coverage could be tailored in terms of 
4 or 5 city blocks by changing antenna elevation 4 or 5 feet. 

While this discovery solved a lot of problems, each zone 

had still to be evaluated on its own merits and peculiarities. 
Referring to Fig. 1, in zones 7. 8. 6. 3. and 2, non-directional 
antennas are used at elevations of tilt to lit) feet. Zones 7 and 
8 use unity-power gain ground-plane antennas. However, in 
zones 6, 3, and 2, available transmitter locations with proper 
antenna height are not centered in the zones. These zones 
employ stacked coaxial arrays, which produce low-angle ra¬ 
diation at a power gain of 3 times. 

Zones 1. I. and 5 all intersect in the loop area of Detroit. 
There are many tall buildings which produce propagation 

shadows. For that reason the zone 5 transmitter is located as 
shown on the map. at an elevation of some 3(H) feet. Overlap 
into zones 2 and 8 occurs to a minor degree, but this is offset 

by the fact that complete coverage of zone 5 including its 
loop area is accomplished with almost no dead spots. In the 
cases of zones 1 and I. no structure of comparable height ex¬ 
isted in zone 1 although one was available and used tem¬ 
porarily in zone I. In either event, antenna elevation would 
have increased overlap difficulties, particularly from zone 1 
into zone 7. The final decision in the cases of zones 1 and 4 
was to locate both transmitters at the top of the 400-foot 
David Stott Building, located al the center of the loop dis¬ 
trict. These transmitters excite yagi antennae trained down 
the centers of the respective zones. Each yagi is equipped with 

a vertical V-shaped metal screen, to minimize leakage in back 

and to the sides of the array. 

City-Wide Transmitters: In off-load periods such as the 
early-morning hours, when traffic can be handled by possibly 

2 or 3 dispatchers, the simple zone system would necessitate 
switching on the part of the dispatchers in selecting the zone 
transmitter proper for each call. To eliminate this objection, 
three 100-watt city-wide transmitters, one on each of the three 
channels and each capable of city-wide coverage, were pro¬ 
vided. At first, all three transmitters were placed on the same 
building in the loop district where the zones 1 and 4 transmit 
ters are located. Situating the city-wide transmitters at the 
same location w ith two zone transmitters was permissible since, 
by the nature of the dispatching technique, the zone trans¬ 
mitters would not be used w hen the city-wide transmitters were 
in use. and vice-versa. However, the roof of the Stott Build¬ 
ing shadowed the channel I signal in the extreme northwest 

FIG. 3. ONE OF THE 450-MC. MOBILE INSTALLATIONS IN THE SYSTEM 

FIG. 4. ROOF-MOUNTED MOBILE WHIP IS LITTLE MORE THAN 1 FT. HIGH 

corner of the city. This problem was overcome by the simple 
expedient of shifting the channel 1 city-wide transmitter to the 
location used for the channel 5 zone transmitter. 

The three city-wide transmitters are used io provide three 
methods of operation: single-frequency coverage of the city on 
channel 2; east-west coverage on channels 1 ami 2; and sector 
coverage, east, middle, and west, on channels 1, 2. and 3. This 
permits complete off-load servicing of the entire fleet by 1, 2, 
or 3 dispatchers, as required. In practice the east-west method 
of operation is normally used, although a city-wide trans¬ 
mitter can be temporarily pressed into service to cover for a 
disabled zone transmitter. 

All city-wide antennas are stacked coaxial beacons with 
power gain of 5. No overlap problem exists under city-w ide 

operation. 

Equipment and Operation: The zone and city-wide trails 
milters are housed in 34 and 68-in. cabinets respectively. They 
are remotely controlled via leased two-wire lines from the cen¬ 
tral dispatching office, but can be operated locally by service 
personnel. A selector switch on the control panel of each trans¬ 
mitter is used to select remote or local operation, and also per¬ 
mits wire intercommunication between service personnel at the 
transmitter and the dispatching office. A zone transmitter 
receiver cabinet can be seen in Fig. 2. 

As required by the FCC, automatic instantaneous peak lim¬ 

iting circuits prevent deviation in excess of ± 15 kc. or any de¬ 
sired value below ±15 kc. 

All of the taxicabs are equipped with 10-watt transmitters 

using vibrator power supplies. Power drain is such that no 
heavy-duty generators or alternators arc required. Each mo¬ 

bile transmitter-receiver is equipped with a selector switch 
located on the control head convenient to the driver. By means 

of this switch, a driver can instantaneously select any one of 
the 3 channels used in the system, depending upon his zone lo¬ 

cation. The operating frequency of the transmitter and the re¬ 
ceiver are shifted simultaneously. Change of frequency is not 
accomplished by crystal switching, but by activating separate 
crystal-controlled oscillators through grounding the cathode of 
the desired oscillator. Fig. 3 shows a mobile installation in a 
taxicab luggage compartment. Mobile antennas arc short 
w hips mounted on the rooftops. Fig. 4. 

In practice, each driver is given a zone map similar to that 

shown in Fig. 1 so that he will become acquainted with the 
zone boundaries and w ill use the proper channel corresponding 

Io his location. After a period of about a week the driver has 
memorized the boundary streets of the zones, and the map is 

no longer required. Boundaries were so arranged as to neces-
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'itate a minimum of channel switching in the cabs when trav¬ 
eling down most main streets or avenues. 

As traffic loads decrease from a peak period when the 
zone system has been in use, and the intent is to shift to one 

of the three modes of city-wide operation, each zone dis¬ 
patcher broadcasts a general call to that effect to all cabs under 
his control. A similar procedure is followed for any other 
mode shift. 

Considerable study was devoted to the dispatching and 
i emole-control facilities associated with this system. In addi¬ 
tion to providing normal switching and audio facilities, it was 
necessary to furnish means whereby the proper zone and city¬ 
wide transmitters could be made available to dispatchers as re¬ 
quired by hourly traffic changes. Fig. 5 shows the dispatch¬ 

ing table layout in its final arrangement. It can be seen that 
position t is the master position, at which one dispatcher can 
control one city-wide and all eight zone transmitters. At posi¬ 

tions 3 and 5 are tied in one of the other two city-wide trans¬ 
mitters and three zone transmitters. Three zone transmitters 
can be controlled at each of positions 1 and 6, and two trans 

mitters at position 7. Since all eight dispatchers will be work-
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ing when positions i and 8 are in use, only one zone transmitter 
can be controlled at these positions. 

At all multiple positions the dispatcher has a turret before 
him on which appears an upper row of green lamps. These 
light upon receipt of a call from a cab, so that the dispatcher 
can tell in which zone the cab is located at the time. Rectified 
audio from the received call is utilized to operate a relay 
which, in turn, lights an associated lamp at all positions at 
which this zone transmitter can be controlled. The master 
position and a four-transmitter position can be seen in Figs, 
(i and 7, respectively. 

Below the green lamps are receiver selector pushbutton 
switches. The dispatcher can operate any or all the buttons 
and listen to cabs in any or all zones whose transmitters are 

FIG. 6. CONTROL BOX AT THE DISPATCHING TABLE MASTER POSITION 
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controllable from his position. The extreme right-hand button 
in this row trips all depressed buttons, cancelling prior selec¬ 
tions. 

Transmitter selector buttons are located in the next lower 
row, each with its corresponding red lamp in the bottom row. 

By depressing a transmit button the dispatcher can elect 
to use any transmitter controllable from his position. No more 

than one transmit button can be depressed at a time, since 
each button releases any other previously depressed. Thus, it 
is impossible for any dispatcher to put more than one trans¬ 
mitter on the air at a time. 

Each dispatcher is supplied with a personal Western Elec¬ 
tric type 5S-AW operator’s headset and microphone, which 
may be plugged into any table position. Each position also 
has a parallel jack to accommodate a supervisor’s operator’s 
set, if so desired. A volume control at each position makes it 
possible for each dispatcher to regulate the earpiece volume to 
suit his own hearing acuity. Foot switches are used to key the 
selected transmitter, leaving both hands of the dispatcher free 

to handle call cards, to notate which cab took a call, and to 
time-stamp and file the cards. Calls taken by telephone opera-

FIG. 7. TOP BUTTON ROW SELECTS RECEIVER, BOTTOM ROW TRANSMITTER 

tors are carried by conveyor to markers, who distribute them 
to the radio dispatchers according to the zone in which each 
call is to be serviced. 

The remote-control units proper are located in a separate 
room. Eleven units, one for each transmitter in the system, 
are mounted on an open rack adjacent to the leased line termi¬ 
nations. Spare units are available to replace quickly any re¬ 
mote chassis in case of trouble. 

Cables connect the remote-control chassis to the dispatch¬ 

ing table and arc so arranged at the table that terminations 
can be made at any given positions quickly and without tools. 

This was incorporated in the design so that the zone control 
terminations could be redisposed at the various positions to 
meet any future changes in traffic and dispatching patterns. 

Maintenance: The radio service shop, operated directly by 
the equipment manufacturer, is located in the Checker Cab 
Building. Facilities to repair and service all thi- equipments 
are available. 

As is the ease with almost all such systems when initially 
installed, the servicing problem was severe during the first few 
weeks of operation. Any latent defects in tubes, vibrators, or 
other components showed up then. However, after such a 
break-in period the servicing became a matter of periodic fre¬ 
quency checks and preventive maintenance. In fact, even 
though this system now has equipments in service for almost 
two years, the maintenance problem has turned out to be much 
simpler than expected for I50-mc. equipment. 

As an example, the transmitters all use AX-9903/589IA 
tubes as tripler-amplifiers and power output tubes. Certain 

doubts existed as to the life expectancy of these tubes, partic¬ 

ularly in mobile service. It has been found that they are much 

Concluded on page 41 
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Construction of a Mountain -Top 

Remote Base Station 
OPERATING EXPERIENCE REVEALS FACTS OF LIFE 
ABOUT REMOTE TRANSMITTERS-By H. V. CHURCH"’ 

Surveys anti Procurement: Plans were made to establish a 
250-watt main station on Pico Peak after a survey indicated 

that several smaller but more accessible hills nearer Rutland 
were not high enough to provide coverage into the Connecticut 

•Radio Engineer, Central Vermont Public Service Corp., 121 West Street, 
Rutland, Vt. 

Valley. Although a temporary station in Sherburne Pass al 
¿.190 ft. gave fair coverage into the Connecticut Valley and 
good coverage into the Otter Valley west of the Green Moun¬ 

tains, the higher land north and south of the pass cut off cover¬ 

age in those directions. 
A test from the top of Pico was conducted in 1946. using 

for power a portable motor-generator set. and a 60-watt sta¬ 
tion transmitter. The equipment was transported a difficult 

2'/> miles on snow up the Long Trail with a horse and bobsled. 
A half-wave antenna was rigged a few feet above the ground, 
and communication was conducted with a mobile unit which 

traveled most of the outlying sections of Central Vermont’s 
territory. Results indicated that Pico was indeed an ideal loca¬ 
tion, since there were very few areas where solid communica¬ 

tion could not be obtained. 
The idea, quite common at the time, that propagation in 

the frequency range of 40 me. followed strict line-of-sight prin¬ 
ciples was soon abandoned. It was found that radiation was 
apparently diffracted over the horizon and reflected among the 
hills in such a way as to give good reception where it was not 
expected. One such location is along U. S. Route 5 on the 
Connecticut River, 3 miles above Fairlee, A t. The road there 

is at the base of a 500-ft. cliff, cutting off completely any view 
toward Pico 44 miles away. A strong signal is received in this 
area from the present Pico transmitter, apparently reflected 
back from the New Hampshire hills across the river. The outer 

limit of satisfactory communication between mobiles and the 
Pico station is indicated by the heavy solid line in Fig. 1. 

The survey convinced our Engineering Department that a 
250-watt station on Pico was needed if the CA PS system were 
to be tied together reliably under all conditions. Preliminary 

plans were drawn up for a station which woidd be remotely 
controlled from Rutland by land-line over a distance of 12 
miles. This required the construction of 2% miles of company-
owned telephone line from the road at Pico Ski Area to the 

sunnnit, and a power line of the same length. As an antenna 
tower, it was decided to re-erect a sixty-foot steel anemometer 
tower which had been used by the company some years earlier 

for a wind-survey program. This tower can be seen in Fig. 2. 

For a structure to house the radio equipment on the summit it 
was proposed at first to use a metal box at the base of the 

tower, which would be serviced by reaching inside. But engi¬ 
neers who had mountain-top experience in winter at the com-

FIG. 3. EQUIPMENT BEING BROUGHT TO THE MOUNTAIN TOP BY TRACTOR 

FIG. 2. THE SIXTY-FT. 
TOWER HOLDING MAIN 
DIPOLE HAS 18 GUYS 

THE Central A’ermont Public Service Corporation installed 
a two-way radio system in the summer of 1916. This 

company serves the state on both sides of the Green Moun¬ 

tains, as shown in Fig. I. and some sections of New Hampshire 
along the Connecticut River. Sixty-watt remotely-controlled 

fixed stations were installed at Bennington. Cavendish, Bethel, 
and Bradford. At.. ami at Claremont. N. H. The system is tied 

together by a 250-watt main station on Pico Peak, 4.000 ft. 
above sea level and northeast of the operating headquarters at 
Rutland. Mobile equipment was installed at first in 12 trouble 
trucks; since then. 2-way units have been put in all trouble 
trucks, all division superintendents’ cars, several heavy five-

man cab line trucks, a radio maintenance car. and two pick¬ 
ups. bringing the number to thirty-five. Additional fixed sta¬ 
tions have been built at St. Johnsbury, Brattleboro. Springfield. 
Middlebury. Poultney. Randolph, and Rutland to obtain com¬ 

plete coverage of Central A’ermont’s territory. 
Day-to-day operations consist of directing trouble and con¬ 

struction crews, handling switching orders to cut down service 

interruption time, and dispatching purchased power when wire 
communication is inadequate. Emergency communication dur¬ 
ing such disasters as the flood which struck Rutland in .lune. 

1947. and the hurricane of November. 1950, put a premium on 

reliable two-way communications. In each case the radio sys¬ 
tem paid for itself many times over in property, time, and pos¬ 
sibly human lives saved by fast restoration of the power sys¬ 

tem to normal operation. 
The system has now been in operation for 7 years, so that 

we have amassed a great deal of operating experience and have 
learned much about remote mountain-top transmitters, the 
hard way. This article is written primarily for those who may 
be concerned with such remote transmitters. 
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FIG. 1, ABOVE: COVERAGE OF CVPS AREA FROM THE PICO PEAK STATION 

FIG. 4, RIGHT: EQUIPMENT HOUSE AND LIVING QUARTERS ON THE PEAK 

pany’s Grandpa's-Knob wind-turbine installation decided that 
the minimum requirements for safety of maintenance person¬ 

nel. as well as the equipment, would be a fair-sized cabin ca¬ 
pable of being heated and with room for emergency living 
quarters. An eight by ten-foot cabin seemed adequate. 

Permission to use the land at the summit was secured from 
the owner on a yearly rental basis, including the right to bury 
cables under the ski trail leading to the summit. A contract 
was let to bury the cables, erect the tower, build the cabin, 
and transport all equipment to the top of the mountain. Work 

was completed in the autumn of 1916. 
The equipment was hauled to the summit by tractors, in 

the manner shown in Fig. 3, using a heavy bobsled or dray. It 

was necessary to winch the tractor up the steepest places, 
then turn the tractor around and winch the dray. Later ex¬ 

perience showed that the Sno-Cat was an excellent means of 
hauling supplies, equipment, and personnel up the mountain 
in winter. One trip was made in 15 minutes running time, as 
compared to two hours climbing on foot, or a full day with a 

tractor. 

FIG. 5. EMERGENCY GENERATOR SHACK IS BUILT ON STILTS FOR WINTER 

Line Installation: A heavy, tractor-drawn plow dug a trench 
some 18 ins. deep to receive the cables. In difficult places, in¬ 

cluding the top half-mile, most of the digging was done by 

hand and at times involved hacking out loose rock. Twelve 
thousand ft. of armored, grounded cable of 7.200-volt rating, 
with a No. 6 copper center conductor, was buried in the trench. 
Junction boxes were installed on posts at the side of the trail. 
Plastic-covered mine cable for the control circuit was buried 
at the same time and brought out each 1,000 ft. to junction 
boxes with removable disconnects for testing. Standard pro¬ 
tective telephone equipment was installed at each end. con¬ 

sisting of carbon blocks and 7-ampere fuses. Loop resistance 
of the entire control circuit — 2% miles of buried cable, 10 
miles of telephone company open wire, and a few blocks of en¬ 

closed cable — was 3,600 ohms. 
The distribution line available at the foot of the mountain 

was a 2,300-volt ungrounded system; two 2.300/1 10-volt trans¬ 

formers were installed back-to-back to obtain 2,300 volts 
grounded for the cable, which was connected to a suitable 

step-down transformer on the summit. A grounded line is 
desirable in an installation of this kind for several reasons: 1) 
It is less costly to bury the cable in an existing trail or road 
than it would be to run open wire, which would involve clear¬ 
ing a right-of-way; 2) the problem of maintaining open wire 
is much more severe, entailing exposure to wind, falling trees, 
brush, lightning, and frequent heavy icing for several months in 
the winter. Grounded cable, on the other hand, has none of 
these difficulties, is fairly simple to install, and gives an excel¬ 

lent ground for lightning protection of the radio equipment. 
Disadvantages of a grounded cable are the possible hazard of 
uprooting by tractors on the right-of-way and the relative dif¬ 

ficulty of locating troubles that do occur. We consider that 
both are far outweighed by the advantages of a properly-in¬ 
stalled underground cable. 

The two-wire control circuit worked out quite well for a 
year or so. then troubles began to appear in the form of leaks 
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to ground. These caused an unba'ance which produced a 60-
cycle hum on received and transmitted signals. Eventually 

they resulted in enough leakage so that the DC control volt¬ 
age necessary for relay operation dropped below the critical 
value, and Rutland was unable to put the station on the air. 

The upper % mile of cable was laid in very rocky ground; the 
leakage was apparently caused either by the frost action grind¬ 
ing the cable between rocks (with which it was mostly cov¬ 
ered) or by abrasion of the insulation when the cable was un¬ 

covered. Most of the control line was replaced eventually by 
twisted-pair field telephone wire strung through the brush in 

1,000-ft. lengths between test points, which proved to be much 
more reliable than the underground cable. Still later, to avoid 
the loss of communications that resulted from troubles on the 

12-mile telephone circuit, radio relay equipment in the 72 to 

76-mc. band was installed. 

Station Facilities: The building erected to house the radio 

equipment at the summit is of frame construction and is cov¬ 
ered with one-inch boards, with corrugated aluminum sides 
and a sheet-aluminum roof. Fig. I shows this clearly. I he 
roof is double-boarded to withstand falling ice from the an¬ 
tenna mast. Tn this case, aluminum was the ideal covering 
material, because it was easily transported and affords pro¬ 
tection against the weather. Additionally, it frustrates por¬ 
cupines which like to gnaw on wood around camps and out¬ 
lying buildings. The structure is guyed at each corner against 

the wind. 
With the building covered by metal, a 60-ft. mast a few 

feet away, a network of guy-wins overhead, and all equip¬ 
ment grounded to the sheath of the power cable, the station is 

well protected from lightning and has never been damaged by 
it. Another station in a similar location lacks the metal-
covered building and adequate grounding arrangements, and 
has experienced repeated cases of severe lightning damage in 

the last several years. 
A 1,500-watt gasoline motor-generator is furnished to sup¬ 

ply emergency power to the station. It starts automatically 
if the power from the cable fails. I his generator was housed 
in the main building for several years, but had to be moved 
to another enclosure in 1950 to make room for the relay equip¬ 
ment. The generator house was built in Rutland as sections, 

which were assembled on the Peak. 1 he framework is of 2 by 
2-in. pine covered with masonite. Fig. 5. Rock wool was used 
for insulation. The house has a door at each end with fixed 
louvres, behind which are a wire-mesh insect screen and mov-

FIG. 6 VIEW OF GENERATOR SHACK THAT SHOWS VENTILATING LOUVRES 

FIG. 7. DIPOLE AND YAGI ANTENNAS BROKEN BY SEVERE WINTER STORM 

able light aluminum ventilator louvres 18 ins. square, which 

can be seen in Fig. 6. These are operated by furnace damper 
controls, which in turn are controlled by a thermostat ad¬ 

justed to 70 F. Either positive opening or positive closing 

against the weather is obtained. 
The generator house, which was taken up the trail on a 

horse-drawn sled and assembled on the summit, is set up on 
legs so that it will be mon' accessible in the snow season. The 
motor-generator, its 28-volt starling battery, a time-clock con¬ 
trolled charger, heat lamps, and an automatic fire extinguisher 
set for 212“ F. are installed in the building. An alarm circuit 
is connected to key the relay transmitter and modulate it with 
an 800-cycle tone for five seconds every live minutes, indicat¬ 

ing that the station is on auxiliary power. The plant will op¬ 
erate the station on an emergency basis for a day on less than 
ten gallons of gasoline, which is stored underground in a 55-
gallon drum. It has been found that if the generator is called 
on to operate more than an hour or so at a time on very hot 
summer days, the ventilation louvres are inadequate, and 
either an exhaust fan or larger ventilators are needed. At 

present an arrangement has been made with a Slate employee 
who occupies a camp nearby, to open the doors of the gener¬ 

ator house when necessary. 
Tools and equipment kept al the station include tackle for 

rigging antennas and guys, safety belts, hard hats for work¬ 
ing outdoors when ice is falling from the mast, work gloves, 
rubber gloves for any work on the transformer or cable, a 
complete set of small hand tools. 100-watt and 500-watt solder¬ 
ing irons, a blow torch, a saw for cutting firewood or making 
repairs, a dirt shovel and a snow shovel, an axe. a digging 
bar. hardware guy wire and clamps, a spare 10-kva trans¬ 

former. cutout, and lightning arrestor, and a few items of 
spare clothing. There are a tube tester-analyzer nuil, spare 
tubes, fuses and small components, replacements for all re¬ 
lays. front-end transformers for the receivers. 3S and "s-in. 

flexible coaxial cable and fittings, antennas, whips, and mount¬ 
ing hardware. In case it becomes necessary to maintain a 

crew overnight or for several days, as has happened in the 
past, there is a week’s supply of canned and dehydrated foods 
and drinking water, adequate for two men. as well as folding 



cots and sleeping bags. An electric circulating heater and hot¬ 
plate are supplied. However, a small sheet-iron stove, a sup¬ 
ply of dry firewood, and a one-burner gasoline stove for cook¬ 
ing are on hand for use when the station is on auxiliary power. 

Maintenance Considerations: In 1947 a severe flood oc¬ 
curred and some of Central Vermont’s generating, transmis¬ 

sion, and substation facilities were damaged, as well as the 
Rutland operating headquarters. The dispatching office in 

Rutland was under water and. without a radio control unit or 
power with which to run it. communication was maintained 

by means of a mobile unit which dispatched orders to Pico, 
where company personnel relayed them to the rest of the sys¬ 
tem. I'hc station was on emergency power for five days, dur¬ 
ing most of which time the traffic averaged two messages a 
minute. The motor-generator set was indoors then, and the 
heat and fumes were so severe that the operator had to spend 
most of his time just outside the doorway. During this period 
the radio was used to call in crews from other divisions and co¬ 

ordinate the work of restoring electric service to the Rutland 
area. Radio again proved indispensable during an unusually 

heavy sleet storm on December 31. 1918, when land-line com¬ 
munication facilities were disabled and many power lines failed. 
November 25. 1950. was the day of the great land storm that 
swept northern New England and attained the proportions of 
the worst hurricanes, but did not originate over the ocean and 
accordingly was not expected to be so severe as it was. Some 
local areas were struck by winds as damaging as those asso¬ 
ciated only with tornadoes: many houses and large dairy barns 
were destroyed as well as hundreds of miles of wire lines in 

Vermont. New York, and New Hampshire. 
During the resulting emergency ami clean-up periods. FAT 

radio was the only communication facility available to CA PS 
and it was used to the utmost. The rural distribution line 
from our East Pittsford generating station, which serves the 
cable to the summit of Pico, was covered with several hundred 

fallen trees and was out of operation for a week. Also, the 
main antenna and later Nos. 1 and 2 emergency antennas were 
carried away. Two men were sent to try to keep the station 

on the air. No. 2 emergency antenna, consisting of a mobile 
whip mounted on the peak of the roof, was still in place when 
the men arrived. This was connected to the main transmitter 

and the station was operated on emergency power. During 
the night even the mobile whip carried away, and it was nec¬ 
essary to replace it at the height of the storm. The men who 
were on the mountain that night felt that the guys on the 

corners of the building were a fine idea: the building rocked 
and strained at the guvs, and the window was reinforced on 
the inside when it appeared that it was about to be blown in. 

On the 26th, the wind calmed down considerably. As the 
air became warmer the ice on the mast began to fall off. with 
several large masses landing squarely on the roof of the build¬ 
ing. The emergency dipole antenna, which is on an 18-ft. 
length of pipe, was let down and the whip was replaced. This, 

of course, gave the station much better coverage. On the 
28th the station was still on emergency power, the weather 
had become colder, and the dry wood for cooking and heating 
the cabin was all gone. Distribution lines to the foot of the 

mountain were still in bad shape. A government-surplus 10-kw. 
motor-generator, located with the assistance of the State Police 
and the Civil Air Patrol, was connected through a 120/2.300-
volt transformer to the feed cable leading to the summit. This 
supplied power sufficient that the nearby State Police radio 
was able to get back on the air. and the CAPS emergency 
power plant was shut down. The men stationed on the moun¬ 
tain were kept there two days more until the distribution line 
was restored. Fig. 7 shows the broken main antenna and the 
damaged Yagi, which was being used at that time for the relay 
receiver. The broken dipole and its clamp are shown in Fig. 8. 

former] V F MTV Radio Commixicatiox 

Perhaps the biggest problem in maintaining this station 
lias been that of keeping antennas up during the winter. AVe 
are of the opinion that the combination of high wind and 
heavy icing is too much for any commercially-available an¬ 
tenna. AA bile some antennas are guaranteed for Çe in. of clear 
ice loading ami 100-mph. wind velocity, and will undoubtedly 
stand it. the specifications for this climate and altitude should 

be II) ins. of rime ice loading and 200-mph. wind velocity. with 
a suitable safely factor for gusts and metallic fatigue. Winds 

in excess of 201) mph. have been measured on Alt. Washington. 
N. II., which is about 2.001) ft. higher than the highest of the 
(ireen ATountains; ice coatings of 10 ins. occur frequently at 
1,000 ft. Rime ice builds up during a storm to great thickness 

on one side. 'Then, the wind shifts as the storm clears, and 
the sail area presented by this ice causes too great a wind 

load on the antenna. 
Another maintenance problem, and the greatest limitation 

of the station during bad storms, was the land-line control cir¬ 
cuit used originally. This often failed when it was needed 
most. When power company lines are down, telephone lines 
are usually down too. Troubles were frequent, particularly on 

our underground phone line, and repairs were slow. Il was 
finally decided to install 72 to 76-mc. radio relay equipment. 
Two frequencies are used: one receiver on the mountain op¬ 
erates a squelch relay which keys the main transmitter, and 
the main station receiver has a squelch relay which keys the 

relay transmitter to Rutland. 
At first it was believed necessary Io use directional an¬ 

tennas for the relay. Two heavy brass A agis, vertically polar¬ 
ized, were placed at the ends of a 15-ft. pipe, which was rigged 
as a yardarm about 25 ft. up the main mast. The A agi an¬ 
tennas would presumably permit us to operate at the lowest 
possible power ami help to obviate possible television inter¬ 
ference to Channel I. W In n the equipment was first ener¬ 
gized it was found that the frequency assigned for reception at 
Pico was being used by a New Hampshire system, with several 
mountain-top stations. Die I tility Radio Association of New 
England, the frequency-coordinating group for our service, has 
all it can do to keep the base station and mobile frequencies 
under its cognizance, and makes no attempt to coordinate 
relay frequencies. Apparently the FCC assigns relay frequen¬ 

cies on the basis of recommendations of the equipment manu¬ 
facturers. who often help their customers with system engi-

Continued on page .75 

FIG 8. FORCE OF S’ORM WAS ENOUGH TO BEND DIPOLE AND WARP CLAMP 



NI Carrier Equipment Design 
DESCRIBING FEATURES OF Ni CARRIER EQUIPMENT EMPLOYED BY BELL 
LABORATORIES TO EFFECT PRODUCTION ECONOMIES — By W. R. STEENECK-

Progress in telephone apparatus and radio equipment de¬ 
sign seem to follow converging paths, each contributing 
something to the other. Bell Laboratories started in the tele-

method of assembling pigtail components are large factors in 

the reduction of assembly and wiring costs. The advantages 
of aluminum die castings, in addition to the cost reduction 

phone field and adopted radio as an accessory means of trans- factor, include dimensional uniformity, which provides inter-
mission. More recently, radio manufacturers have borrowed 
telephone-circuit techniques for remote controls and multiplex-

changeability of parts! light weight, so essential in a plug-in 
design; chassis of complex construction that would not other-

ing. The Xl equipment, described by Mr. Steeneck, while it wise be obtainable; and the incorporation of equipment iden-
looks more like radio than telephone apparatus, is a most in¬ 
teresting example of economy in manufacture, testing, service, 
and also in cubic contents. And those gains have been 
achieved, it should be noted, as part of a program to increase 
reliability and to reduce the duration of outages.—Editor. 

A basically new approach in telephone equipment design 
I A- has been introduced in the development of Nl carrier. 
Instead of following the conventional practice of using a num¬ 

ber of relatively large panels arranged for permanent relay 
rack mounting, the major transmission components are pack¬ 
aged as small, lightweight, compact units which plug into a FIG. 1. SMALL COMPONENTS ARE MOUNTED EMBEDDING LEADS IN PLASTIC 
common framework to form a complete system terminal or re¬ 
peater assembly. 

This fundamental concept has made possible a design that 
has a number of distinctive features and advantages. These 
include the extensive use of die castings, a new method of 

tifications in the dies, thereby eliminating subsequent stamping 
or adding this information as a separate operation. 

Mounting of pigtail components, such as resistors and ca¬ 
pacitors, is accomplished by imbedding the leads of these com¬ 
ponents in two parallel thermoplastic strips, as shown in Fig. 
1. Simple assembly jigs position the strips and components so 
that the terminal leads rest on the edges of the strips. The 
jigs are then placed in a machine which, by applying a slight 
pressure to a heated shoe, imbeds all the terminal leads into 
the plastic material, and at the same time shears off the 
excess length of the leads. The entire operation is completed 
in a matter of seconds. As indicated in Fig. 1, components can 
be assembled on both edges of the strips by turning over the 
assembly and repeating the process. Such assemblies in type 
N contain as many as 10 or 50 parts, but the process can be 
expanded for larger assemblies if necessary. 

Use of small, lightweight apparatus components has made 

possible a compact plug-in unit that can be removed from 
service when not operating properly, and replaced by a satis¬ 
factory unit, thereby restoring service with a minimum of lost 
circuit time. The defective unit can then be removed to a cen-

FIG. 2, LEFT: COMPLETE CHANNEL UNIT; 12 PER TERMINAL ARE REQUIRED 
FIG. 3, BELOW: THE THREE SUBASSEMBLIES MAKING UP A CHANNEL UNIT 

mounting pigtail type apparatus, application of plug-in design 
to essentially all transmission elements, maximum use of avail¬ 
able space, and the assembly of complete terminals or repeaters 

in single packages convenient for engineering, installation, and 
testing. These features have made possible a twelve-channel 
cable carrier system sufficiently low-priced to permit wide¬ 

spread use on short routes formerly outside the economic range 
of carrier facilities. 

Use of aluminum die castings instead of fabricated designs 
for the relatively complex chassis required. and the new 

’Transmission Systems Development, Bell Telephone Laboratories, 463 West 
Street New York 14, N. V. This text appeared originally in the Bell 
Laboratories Record. 



trally located maintenance center for repairs. At these main¬ 
tenance centers complete tools, testing equipment, and expe¬ 
rienced personnel permit efficient servicing at lower cost than 
if repairs were made at the equipment location. 

Miniaturization, although providing the advantages men¬ 
tioned. introduces a more severe problem in obtaining adequate 
accessibility of all parts for shop assembly and field mainte¬ 
nance than had existed previously on permanently-mounted 
equipment in which the apparatus is located on flat panels. 
The solution of this problem was to make the various plug-in 
units in the form of two or three subassemblies, each of which 
consists of a logical circuit subdivision. Each subassembly is 
completely assembled, wired, and tested in the shop, and it is 
terminated in plugs and jacks to provide ready assembly into 
a complete unit. 

Il was realized from the beginning that the use of compact, 
miniaturized construction would introduce heat dissipation 
problems. Many type N repeaters are pole-mounted, where 
there is no power available for cooling fans that could other¬ 
wise be used. Large terminal installations pose a particularly 
serious problem in this respect. In these installations, blowers 
are provided at the bottom of the racks, with ducts to carry 
the air up each side of the rack. 1 hose ducts are slotted so as 
to direct the cooling air toward the heat producing areas. 

To minimize heating effects, all plug-in units are so de¬ 
signed that heat-producing apparatus, such as electron tubes, 
power-adjusting resistors, and potentiometers are mounted on 
Ilie faces of the chassis, and non-heat producing and heat sen¬ 
sitive apparatus at the rear. Heat-producing apparatus has 
also been arranged to permit the natural flow of heat from 
floor to ceiling to be as unimpeded as possible. 

Plug-in units consist of the channel, group, and repeater 
units. Twelve channel units are required for each N terminal: 
these are all identical except for the receiving filters and the 
crystal unit that determines the channel carrier frequency. 
There are four types of group units. For a terminal that 
transmits high-group frequencies and receives low-group fre¬ 
quencies. there is a high-group transmitting unit (H(iT) and 
a low-group receiving unit (LGR). For a terminal that trans¬ 
mits low-group frequencies and receives high-group. there is 
a low-group transmitting unit (LGT) and a high-group re¬ 
ceiving unit. (HGR) . I here are two types of repeater units, 
the high-low repeater (H-L) which receives high group fre¬ 
quencies from the line and modulates them with 304 kc. to 
low-group frequencies, and the low-high repeater (L-H) , which 
translates low-group frequencies to high-group. 

The channel unit shown in Fig. 2 contains all the apparatus, 
including that required for signaling, for one channel. This 
unit is made of three die cast subassemblies: 1) the compres-

FIGS. 4, LEFT, AND 5, RIGHT: GROUP RECEIVING UNIT AND A REPEATER 

sor, or voice-frequency transmitting subassembly; 2) the 
expandor, or voice-frequency receiving subassembly, and the 
signaling equipment; and 3) the carrier frequency subassem¬ 
bly. The first two subassemblies are ident ieal for all channels 
and are now wired and equipped so that they can be used also 
for channel units in the type I) carrier system. These subassem¬ 
blies are terminated in plugs and jacks so that they can all 
be connected together to form one complete unit. A partially 
disassembled view of the channel unit is shown in Fig. 3. 

Transmitting and receiving group units combined contain 
the transmitting and receiving amplifiers, the group modulator, 
which can be used either in the transmitting or receiving 
branch, the signaling oscillator, and the carrier alarm circuit. 
A single group unit consists of a combination of three of the 
following die cast subassemblies: 1) high-group transmitting. 
2) low-group transmitting. 3) high-group receiving, 4) low-
group receiving and 5) oscillator. The oscillator subassembly 
contains the 304-kc. carrier oscillator and the 3,700-cycle 
signaling oscillator. I', can be plugged into a low-group trans¬ 
mitting subassembly or a low-group receiving subassembly, 
the combination being provided with a common cover to 
form an LGT or LGR unit. High-group transmitting and high-
group receiving subassemblies are not associated with an oscil¬ 
lator. since the required frequency band is received directly 
from the channel units. With their individual covers, there¬ 
fore. they are complete HGT and HGR units. Fig. 4 is a view 
of an LGR group unit. Fig. 6 is a partially disassembled view 
of this unit. 

The ILL and L-H repeaters each consist of three sub¬ 
assemblies. In the ILL repeater a Wcst-to-East high-to-low 
amplifier and modulator subassembly, and a similar East-to-
West subassembly, are plugged into a common 304-kc. oscil¬ 
lator and voltage regulator subassembly, all mounted under 
a common cover. The L-H repeater is similar to the H-L 

FIG. 6. COMPONENT SUBASSEMBLIES OF GROUP RECEIVING UNIT, USED AT A TERMINAL THAT TRANSMITS A HIGH GROUP ANO RECEIVES A LOW GROUP 



repeater except that the amplifier and modulator subassemblies 
are designed for low-to-high conversion instead of high-to-!ow 
An assembled repeater is shown in Fig. 5 and a partially dis 
assembled view in Fig. 7. 

A complete N terminal, as shown in Fig. 8, consists of 
twelve channel units, a group transmitting unit, a group re¬ 
ceiving unit, and miscellaneous equipment such as power 
fuses, voltage-adjusting facilities, alarm lamps and relays, and 
test power jacks. The terminal assembly consists of a fabri¬ 
cated aluminum framework that contains the jacks required» 
for the associated plug-in units. These jacks are wired to 
terminal strips for external connections, and also to the power 
supply fuses and alarm circuits. 

Installation, therefore, only requires making the outside 
connections and plugging the proper units into their asso¬ 
ciated jacks. Channel units for channels 1 Io 5 are plugged 
into the top row of jacks, channels 6 to 10 into the middle 
row, channels 11 and 12 at the left side of the bottom row. 
and the transmitting and receiving group units to the right 
of channels 11 and 12. Additional jacks are associated with 
the group unit jacks, so wired that these units can be tested 
and replaced without interruption in service. Mounting can 
be accomplished on any relay rack that will carry 19-in. panels, 
and three complete terminals can be mounted on a standard 
liy2-ft. bay. 

Repeaters are designed to mount four across a 19-in. relay 
rack bay. The jacks which the repeaters engage, instead of 
being located on the mounting framework are assembled on a 
die-cast bracket, which is fastened to the rack by screws. 
Fig. 9 shows three repeaters in position and space for one 
additional repeater. In addition to the regular repeater jacks, 
the bracket contains two additional jacks for testing and re¬ 
placement of the repeater without interrupting service, an 
arrangement similar to that provided for group units. The 
bracket also mounts span pads, or artificial lines for building 
out the line loss to the required value, all completely wired to 
a terminal strip. Use of plug-in repeaters and the assembly 
of all associated elements on a removable bracket provides 
accessibility, and permits complete maintenance of an indi¬ 
vidual system without the hazard involved in working on or 
near other equipment in service. 

Throughout the development of the Nt carrier system, ac¬ 
cent has been placed on small, compact, inexpensive plug-in 
units requiring a minimum of installation effort and capable of 
immediate replacement, when necessary, with a minimum of 
lost circuit time. The result of these efforts has been a high-
quality carrier system that has proved economically feasible 
on short routes. 
FIG. 8, TOP: A COMPLETE N TERMINAL, OCCUPYING FOUR 19-INCH RACKS 
FIG. 9, LEFT: SPECIAL BRACKET USED TO MOUNT FOUR REPEATER UNITS 
FIG. 7, BELOW: DISSEMBLED AMPLIFIER AND MODULATOR IN A REPEATER 



FCC Philosophy Underlying the Regulation oj 

Safety and Special Radio Services 
PART 2: WHILE POLICIES REFLECT PAST EXPERIENCE, THEY ANTICIPATE 
GREAT EXPANSION AND TECHNICAL PROGRESS — By EDWIN L. WHITE-

It is clear that recommendations from industry groups 
assist the Commission’s staff materially, since otherwise a 
detailed investigation would have to be made in each com¬ 
munity in every case. Even if the Commission were staffed 
so that such investigations could be made, which it is not, 
it is believed that it would still be desirable to seek the advice 
of local groups as to the assignments of frequencies. For 
example, there are many communities that are equally entitled 
to police radio frequencies who are traditionally and politically 
always at dagger’s point. On the other hand, in the same 
area there may be communities that have always worked 
together and supported each other in every municipal project. 
Certainly, if sharing must be resorted to, it would be better for 
the latter to share rather than the former. The Commission 
could never know all these factors unless it made actual Held 
investigation and perhaps not even then, as sometimes these 
jealousies are not obvious. Although the sharing pattern as 
developed under the guidance of industry committees may 
not be the best in the world from an engineering point of 
view, it probably is the best practical pattern that can be 
worked out. 

The licensee must assume responsibility for working out 
interference problems with those sharing his frequency, and 
for anything that he does which infringes on the rights of 
others. If he does not adjust and maintain his equipment 
properly, he may create interference in areas where otherwise 
good communication would be possible. If he sends messages 
by radio that either need not be sent at all, or could be sent 
by means other than radio, he is depriving someone else of 
the opportunity to send necessary traffic. If he fails to train 
his personnel, and permits the use of unnecessary words and 
involved procedure, or if he does not organize his communica¬ 
tions system efficiently, he will take an unwarranted amount 
of time on the air, at the expense of others. In short, in 
these services the licensees must realize that the use of radio 
is on a party line basis, and that it is not a tool of competition 
except in the sense that those who do not avail themselves of 
the privilege of using radio may find that their operations 
are not as efficient as the others. In spite of the fact that 
two industries sharing the same frequency may be bitter 
competitors for business, they must cooperate in the use of 
the radio spectrum to obtain utmost efficiency in its use. 

As has been stated, the purpose of the Commission’s rules 
is to specify those who are eligible to obtain authorizations, 
to define the services which they are authorized to render, and 
to provide those technical standards necessary for various 
services to share a limited frequency spectrum. There should 
be no over-regulation. However, it is a continual struggle 
to avoid it. There is a large number of persons in this 
country who seem to think that to meet any type of cir¬ 
cumstances, "there ought to be a law.” For example, the 
Commission has been urged to establish standard operating 
procedures for various industries. These proposals have been 
made by those who have felt that their rights were being 
infringed by wasteful operating practices of others sharing 
the same frequencies. The responsibility for clearing up 

‘Chief Safety and Special Service Bureau, Federal Communications (om-
mission, Washington, 1). C. 
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situations of this kind lies best in the hands of the licensees 
themselves. The problems faced by industry arc manifold, 
and the Commission's staff cannot become experts in all the 
details involved. Should the Commission endeavor to write 
procedures and dictate practices, it is certain that the Com¬ 
mission would give relatively little importance to some prac¬ 
tices that the industry would consider of crucial importance, 
and would emphasize other matters which, as far as in¬ 
dustry is concerned, could be eliminated entirely. 

I he Commission was not organized merely for the purpose 
of issuing licenses. It is basically a planning organization to 
provide order in the use of the radio spectrum, and to pro¬ 
mote the widest possible use of radio in the public interest. 
The authority to issue licenses in given so that the Com¬ 
mission may have a means whereby its policies can be put 
into effect. 

The license is issued as an evidence that the licensee is 
eligible to hold such an authorization, and that his plans 
are in accord with the rules ami regulations of the Com¬ 
mission. The Commission can assure itself of continued main¬ 
tenance of its policies by revoking or not renewing individual 
licenses. It can be said, therefore, that the main purpose of 
a license is to provide something the absence of which pre¬ 
cludes the use of radio by the ignorant, the irresponsible, or 
the incorrigible. This applies equally to station licenses and 
those operator licenses which are issued without examination. 
In the case of the higher grade operator license, where an ex¬ 
amination is prerequisite, the document additionally attests 
to the possession of minimum knowledge and in some eases, 
to minimum skill. 

The Commission has an essential responsibility with re¬ 
spect to progress. The communication industry is relatively 
young, and new developments are appearing on the scene 
every day. In addition, with all segments of industry in a 
period of growth, new problems appear every day, many of 
which can be simplified if not solved by communication 
techniques. Ihe Commission has specific responsibility to 
maintain dose contact with those industries using communi¬ 
cation as well as those developing communication devices so 
that the new techniques can be applied most effectively to the 
communications problems of the people of the I . S. 

The Commission has, as a consequence of this responsi¬ 
bility, the duty to revise continually its rules. In the usual 
case, at the time provision for a service was made, the re¬ 
quirements of the new service as to frequencies and operating 
practices were strictly from the crystal ball. Even the best 
educated guess can be wrong. As a residt of the evidence 
before it al the time of service initiation. Ihe Commission 
may have been either too strict or too liberal in its rules 
prescribing the service. Should the Commission be too strict, 
many would be deprived of the opportunity to use radio. If 
the Commission’s rules are too liberal, too many are auth¬ 
orized to say too much and congestion occurs. To meet these 
situations the rules must be changed. 

For example, at one lime 500 kc. was authorized to ship 
and coast stations for all purposes. As the number of radio-
equipped ships increased, it was restricted to calling, distress. 

Continued on page 4-
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Improved Frequency Stability of 

Oscillators with Dual Crystals 
STABILITY IS IMPROVED BY EMPLOYING TWO CRYSTALS WITH OPPOSITE 
TEMPERATURE COEFFICIENTS —By DOUGLAS A. VENN & GEORGE W. ARNOLD* 

t'OR the past several decades electronic-equipment installa-
A tions on naval vessels have increased greatly, both in 
variety and bulk. Space limitations, therefore, must be a pri¬ 
mary consideration in the design of new equipment or the modi¬ 
fication of existing installations. An investigation was initiated 
to determine whether or not quartz-crystal oscillator plates 
having opposite temperature coefficients might be utilized in 
combination to obtain a unit possessing low thermal drift char¬ 
acteristics over a very wide temperature range or, conceivably, 
an extremely stable unit with a temperature characteristic of 
not more than 0.0001% over a temperature range of 10 or 20°C. 
Such a unit woidd obviate the necessity for bulky oven con¬ 
trol. now used where high stability is required of high-frequency 
crystal units, and this would be valuable not only to the Navy 
but to other users of communication equipment. 
The possibility of using crystal oscillator plates in this man¬ 

ner seems to have been first reported by Koga1 in 1936. He 
employed two crystals of about 4,860 kc., placed one on top 
of the other in a suitable holder. The temperature coefficients 
of the individual plates were —7.8 X 10’6/°C. and -f-8.7 X 
10"6/°C. The combination gave a maximum deviation in fre¬ 
quency of only 50 cycles from 36° to 77°C., which corresponds 
to a variation in frequency of less than 10'«/°C. A search of 
the literature failed to reveal any further investigations along 
these lines by Koga or any others. 

Simple Theory : Considering the case for two crystals in par¬ 
allel, as in Fig. 1 where Li, Ci, R, and Lj, Cj, R2 represent the 
inductance, capacitance, and resistance of the motional arms 
of the individual crystals, and Ct represents the sum of the 
crystal static capacities plus the circuit capacity, the frequency 
of operation can be approximated. 

If terms in the impedance equation containing resistance are 
neglected, as they can be for crystals in the 5 to 15-mc. range, 
it can be shown that the frequencies of anti-resonance are given 
by 

z1\ ( ("la2 + "2a2) J ("1a2 + "2a2)2
(1) - ±| * 

— ["la2"2r2 + "lr2"2a2 — "lr2"2r2] 

where «ia, wir and «2a, "2r are the anti-resonant and resonant 
frequencies of crystals 1 and 2, respectively. It should be noted 
that the anti-resonant frequency of each crystal should be 
measured with the entire value of Ct across it. 

•Naval Research Laboratory, Washington 25, D. C. 
‘Koga, I., “Notes on Piezoelectric Quartz Crystals”, Proc. IRE, 24:510-531, 
March, 1936. 

1 he resonant frequencies oi the circuit will be closely approxi¬ 
mated by 

w2r 

1 he case in which two crystals are placed in series and 
shunted by the circuit capacity will give frequencies very nearly 
the same as those just obtained, except that the resonant and 
anti-resonant designations will be reversed. There will be a 
slight modification of frequency because of the different capacity 
distribution in this arrangement. 

It should be emphasized that these equations have been de¬ 
rived for crystals having nominal frequencies lying in the lower 
portion of the high-frequency range. The general applicability 
of the equations is limited because of the increasingly great 
effect of Ct as the frequency is increased beyond this range. 

FIG. 1. EQUIVALENT NETWORK FOR 2 c , -L 
CRYSTALS CONNECTED IN PARALLEL 

Reactance vs. Frequency Response: Figs. 2 through 4 are 
reactance rs. frequency curves for crystals, both singly and in 
parallel. these data were obtained by means of aural null im¬ 
pedance bridges and a variable-frequency generator having an 
instability not greater than plus or minus one cycle. Fig. 2 
represents the case in which the individual crystal units differ 
in nominal frequency about 6 kc. The difference in impedance 
magnitudes of the parallel combination at the frequencies of 
anti-resonance becomes greater as the anti-resonant frequencies 
of the individual crystals approach one another. 

I rom the point of view of the oscillator circuit, both fre¬ 
quencies of anti-resonance are possible operating points; in a 
tuned oscillator with sufficient selectivity, it would be possible 
to obtain either frequency. As the separation in nominal fre¬ 
quency becomes less or the selectivity of the oscillator decreases, 
the oscillator tends increasingly to operate at the frequency of 
highest impedance. 

Fig. 3 shows the results for the situation in which the dif¬ 
ference in nominal frequency is only 500 cycles. For these par¬ 
ticular units the method of measurement of reactance value 
was not precise enough to permit obtaining the first anti-
resonant peak of the parallel combination, since the series reso¬ 
nant frequencies of the individual units were almost coincident. 
Two different crystals of the same nominal frequencies as in 

Fig. 3, but having greater separation in series resonant fre-

FIGS. 2 AND 3. REACTANCES OF CRYSTALS SINGLY AND IN PARALLEL. FIG. 4. ANTIRESONANT PEAK 
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quency, were used for the data represented in Fig. 4. Here, the 
reactance of the parallel combination is so small that the im¬ 
pedance is of the same order of magnitude as the impedance 
of the individual units at scries resonance. Because of the linear 
character of the individual crystal reactance curves in this re¬ 
gion, the slope of the reactance curve is not great. The difference 
between series resonant frequencies is about 400 cycles; the re¬ 
actance peak of the parallel combination is only about 70 ohms. 

Several points of interest concerning the data presented in 
the graphs are evident. The reactance for the parallel case is 
zero at each of the series resonant frequencies of the individual 
crystals. As the positive reactance of the lower-frequency crys¬ 
tal increases from its scries resonant value it approaches in 
magnitude the negative reactance of the higher-frequency unit. 
The positive reactance of the parallel combination rises rapidly 
as this point is approached, reaches a maximum at the fre¬ 
quency for which the two individual reactances are equal ami 
opposite, ami then becomes a maximum in the negative direc¬ 
tion. Where the lower-frequency crystal reaches its ant ¡-reso¬ 
nant peak, the reactance curve for the parallel crystals crosses 
the reactance curve for the higher-frequency crystal. The par¬ 
allel combination then goes through its second anti-resonant 
peak as the magnitudes of the reactances of the lower and 
higher-frequency units again approach and become equal to 
each other. There is another crossover point when the higher-
frequency crystal goes through anti-resonance, after which 
both units and the parallel combination approach zero reac¬ 
tance asymptotically. The parallel reactance is. of course, less 
than that of either unit alone. By operating two crystals in 
parallel, therefore, a unit is obtained which has a greater change 

in reactance for a given change in frequency in the region of 
anti-resonance. 

Graphical Analysis: At frequencies above 15 me., the effects 
of the series resistance and the shunt capacity of the crystal 
become increasingly important. Equation 1 is not adequate for 
such frequencies, since it is derived on the assumption that 
the series resistance is negligible in comparison with the re¬ 
active component of the impedance. However, at frequencies 
above 15 me. an exact analysis of the circuit shown in Fig. 1 
can be made only by using the complete network equation, 
which is a biquadratic in œ2 with cumbersome coefficients. But 
in many cases a qualitative analysis, in which the effects of 
variations in the crystal parameters can be observed, is all that 
is desired. A convenient means of making such an analysis, 
which employs the circle diagrams used in circuit analysis, has 
been described by Cady 2’3and the following discussion is based 
in part upon his work. 

Beferring to Fig. 5, let AB represent Ri, the resistance of 
crystal No. I in Fig. 1. If the radius of the circle is pi, then 

R, 
(3) s = — ohms, unit distance. 

~pi 
Reactance is plotted along the perpendicular to AB through 

B, with inductive reactances above B and capacitive reactances 
2Cady, W. G., Piezoelectricity, McGraw-Hill Book Co., New York, 1946. 
3Cady, W. G., “The Application of Methods of Geometrical Inversion to the 
Solution of Certain Problems in Electrical Resonance,” Proc. A A AS, 68:383-409 
1933. 

below. In Fig. 5, BS represents an inductive reactance given by 
(4) Xi = s X BS ohms, 
where X¡ is the reactance of LiCi- The impedance of RiLA । 
is then 
(5) Zi = s X AS ohms. 

Since it is desired to investigate circuits containing elements 
in parallel as well as in series it is decidedly advantageous to 
represent admittances and impedances on the same diagram. 
It will be noted that 

. 1 u 
(0) Ù , = Z1 = = g°, eos 

where Y¡ is the admittance of RiLiCi, and got is the conduc¬ 
tance of RiLiCi at the series resonant frequency, which is 
given by 

(<) goi = 

But Equation 6 is the polar equation of a circle with the diam¬ 
eter given by Equation 7. By letting AB represent 1/Ri at the 
series resonant frequency, the admittance scale value is 

(8) s„ = VW“ = - mhos unit distance. 
AB ¿piRi 

Clearly, the circumference of the circle in Fig. 5 is the locus oi 
Yi = 1/AS as the frequency varies. The expressions for ad¬ 
mittance, conductance, and susceptance are given by 
(9) Y, = sy X AP. 
(10) g, = Sy X AM, 
and 
(11) l>, = Sy X MP, 
where 
(12) Y i = g, — jbi. 

It is apparent that for each reactance BS there corresponds 
a different frequency, and it would be desirable to calibrate 
the reactance scale in terms of frequency. This derivation is 
also due to Cady, and it is found that 
(13) G — fi = a X BS cycles, 
where 

(14) a = — - cycles, unit distance. 
8tpiLi j

fo is the series resonant frequency of RiLiCi, and fi is the fre¬ 
quency corresponding to the impedance represented by BS. 
Frequencies above series resonance lie above B. corresponding 
to an inductive reactance; frequencies below series resonance 
lie below B, corresponding to a capacitive reactance. 

Other network elements can now be taken into consideration. 
In Fig. G the admittance of Ct, the total shunt capacitance, is 
represented as AF where 
(15) Yt = j«Ct = sy X AF. 
F is now the origin for the network consisting of Ct in parallel 
with RiLA'i, the admittance of the network being represented 
by the vector FP in Fig. 6, both in magnitude and in phase. 
Over the usual range of frequencies considered AF can be 
regarded as fixed, which simplifies greatly the use of the graphi¬ 
cal method. It is to be noted that, for purposes of clarity, AF 
is shown larger than is generally the case. Fig. G reveals very 

FIG. 7. A REPRESENTATION OF 
R2C2L2 ADDED TO THE CIRCUIT 
PARALLEL WITH R1C11I AND Ct 
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FREQUENCY AT 20*C » 499R l?n K C 

FIGS. 8 THROUGH 13. CRYSTAL STABILITY SINGLY AND IN PAIRS 

clearly the effects of variations in the shunt capacity upon the 
frequency of the crystal. It is apparent that the series resonant 
frequency is increased with an increase in the value of Ct. the 
limiting value being that at which 

(16) A F ohms. 
2Ri 

T'he change in series resonant frequency given by S', Fig. 6, 
is quite small, as can be seen from Equation 14. The anti-reso¬ 
nant frequency would be that given at S" if the vector through 
AP" were extended, and decreases with an increase in Ct. The 

frequency of minimum impedance is that obtained at S'", and 
the frequency of maximum impedance is that represented by 
the intercept of the vector through Al’"' and the frequency 
scale. 
The effect of adding another RLC chain, i.e., another crystal, 

in parallel with RiLiCiCt can now be observed. The situation 
that obtains with R2L2C2 in parallel with RiLiC^t is repre¬ 
sented in Fig. 7. 

Since, as shown in Fig. 6, F is the origin for the admittance 
vector for RiLiC>Ct, the admittance vector for R2L2C2 must 
be drawn to the same scale and so that its terminal point is 
always at F. To insure the same scale value for admittance an 
adjustment is made in P2, the radius of the admittance-im¬ 
pedance circle for R2L2C2, so that the same value of sy is ob¬ 
tained. This presumes that R2, which can be easily measured, 
is known. The dotted circle in Fig. 7 is the locus of all admit¬ 
tance vectors of R2L2C2. The admittance vectors GF and HF 
are those which would make the entire circuit a pure conduc¬ 
tance at the frequency corresponding to the reactance BS. For 
this arbitrary choice of frequency, which is slightly above series 
resonance for the RiLiCiCt combination, admittance GF re¬ 
sults in a total admittance GP, and HF in a total admittance 
HP. 
Admittance HF is that of a crystal very near its anti-resonant 

peak. Admittance FP, however, is for a crystal very near series 
resonance so that the total resultant admittance HP is approxi¬ 
mately the same for this crystal as was obtained in the discus¬ 
sion ol the curves in Fig. 2. Operation such as this would not 
be satisfactory because the high-impedance crystal would 
become inductive or capacitive with a small change in fre¬ 
quency, and there would be no compensating reactance change 
in the other crystal. An unstable composite frequency would 
be obtained. 

Admittance GP is about twice that of either crystal alone. 
1 his is analogous to the situation described in the discussion 
ot Fig. 4, wherein the series resonant frequencies of the two 
crystals are very close together. In a parallel resonant oscillator 
with sufficient selectivity and gain to operate at this low-
impedance peak rather than at the higher impedance peak en¬ 
countered at a higher frequency, such a point of operation is 
possible. It is pointed out, however, that a combination of this 
type could not be operated satisfactorily in a scries resonant 
oscillator because, even though the impedance of the combina¬ 
tion is low, it still represents a peak of impedance and a series 
resonant oscillator would operate between the individual series 
resonant points and would be likely to jump between the two 
points in an erratic fashion. It is clear from the preceding 
discussion that if the crystals are connected in series, then 
series resonant oscillator operation would be appropriate. 
At the frequency corresponding to the Point S' the admit” 

FIGS. 18 THROUGH 20. 
FURTHER RESULTS OF 
STABILITY TESTS ON 
PAIRS OF CRYSTALS 

TEMPERATURE <“C> 

3S’I9’AND 35’22' CUT CRYSTALS IN SERIE^ 

BO 

TEMPERATURE INCREASING 
TEMPERATURE DECREASING 

[STARTED FROM LOW END) 
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LIMITED TEMPERATURE RANGE OF TWO CRYSTALS OPERATED ALONE AND AS A PAIR 

tance of the first crystal unit pins the susceptance AF is repre¬ 
sented by Fl”. The same values of admittance GF and HF for 
the second crystal unit would again make the combination of 
crystals a pure conductance. The conductance values would be 
less than for the case just discussed; otherwise, the same re¬ 
marks apply. A much more detailed discussion of these graph¬ 
ical methods and the relationship of the inverse points of ad¬ 
mittance and impedance is given by Cady in the reference 
cited. 

Temperature vs. Frequency Response: In order to deter¬ 
mine the advantages of dual-crystal operation, a group of AT-
cut crystals of the same nominal frequency (5 me.) was selected, 
in which the angle of cut with respect to the Z-axis was varied 
from 35° 6' to 35° 27', the nominal AT cut being about 35° 18'. 

This was done in order to obtain crystals possessing the proper 
temperature-frequency coefficients. All the temperature runs 
were made in a cathode-couplet! type circuit, in which the 
crystal is operated as a low impedance. No experimental runs 
were made for the combination looking like a high impedance 
because of the nature of the oscillator circuits currently em¬ 
ployed with the temperature-frequency testing equipment. It 
should be apparent, however, that parallel crystals in the ap¬ 
propriate circuit, i.e., one in which the crystals look like a high 
impedance, would perforin in the same manner as the series 
crystals. 

Figs. 8 and 9 show the temperature-rs.-frequency response 
of two crystals in this group, for which the angles of cut were 
35° 6' and 35° 24'. respectively. The 35° 6' crystal had an overall 

Continued on page 38 

Installation of 

Buried Cables 
HOW CABLES, GROUND WIRING CAN 
BE BURIED EASILY- By GERALD W. LEE* 

INSTALLATION of buried cables or ground systems is an 
extremely difficult task in rough or wet ground, unless spe¬ 

cial methods are used. In level ground that has been culti¬ 
vated no difficulty is encountered; the dirt is removed with a 
cable plow, the wire is dropped into the trench, and the furrow 
is then replaced over the trench, effectively burying the wire 
or cable. But in ground recently cleared of heavy bush and 
undergrowth, or in marshy terrain, it is not such a simple 
matter. On recently-cleared land the plow shear either clogs 
up with sod or breaks on hidden tree roots, and in marshy 
ground the shear sinks out of sight. These circumstances ne¬ 
cessitate different installation methods, one of which is outlined 
here. 

Bulldozer Plow: On the site of a newly-constructed station 
there is usually a bulldozer available. This can be used for 
plowing the wire or cable into the ground in one operation. 
First, a plow shear or digger is built as shown in Fig. 1 and 
is then welded to the blade. \\ hen the blade is lowered and 
the bulldozer driven forward a narrow trench is dug: wire or 
cable is fed into the trench automatically, and the trench is 
filled in by the bulldozer treads as they pass over it. 

The shear parts can be cut from 34 to 1-in. sheet steel and 
welded together. The bottom shoe, as Fig. I shows, keeps the 
shear from digging in too deeply, and the brace of 4 by 1-in. 
steel holds the shear firmly in place and supports the welds 

•Professional Engineer, Canada House. Trafalgar Square. S. W., London. 
Engl antl. 
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fastening it to the bulldozer blade. While the shear is being 
fabricated a piece of conduit of the desired diameter, with a 
right-angle fitting on the bottom end and a 15 angle fitting 
on the top end. is welded inside to ensure a smooth passage 
for the ground wire or cable. The spool of wire is mounted on 
the bulldozer where it can be freely unreeled. 

Recommended procedure in ground-system installation is 
to thread the wire through the conduit, pull the wire end out 
underneath the bulldozer, and anchor it to the tower base. The 
bulldozer is started forward, the blade is lowered gently until 
the shear has dug into the ground from 6 to 8 ins., and then 
the shift is made into high gear. Ground wire can be laid both 
to and from the tower, provided the system has been staked 
out properly so that the operator knows where to drive. After 
the wire radials are buried, the ground system is finished in the 
usual manner by soldering the radial ends to a wire ring around 
the tower and connecting the tower base to this ring. A load 
or two of earth is necessary to cover the radial ends which are 
too near the tower to be buried by the bulldozer. 
W hile this method and apparatus may’ seem complicated and 

expensive, some such gimmick becomes a necessity when rough, 
extremely hard, or marshy ground is encountered. It will 
usually turn out to be less expensive and much faster than 
conventional methods. 
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low-cost tubes. 

RCA 2-WAY RADIO 
opens up traffic-free channels 

PERMITS "UNCROWDED OPERATION” 

Get these 7 ALL-NEW FEATURES with RCA UHF 2-Way Radio 

Improved coverage in city 
areas. Less noise, less 
absorption of signal. 

High-efficiency power supply. 

Optional operation on as 
many as four frequencies. 

"Split" drawer design for 
easy maintenance. 

Built-in metering sockets to 
speed service. 

6-inch antenna to simplify 
installation. 

If you’ve been putting off 2-way radio 
. . . if you’re now operating on an over¬ 
loaded frequency . . . here’s RCA 2-way 
radio equipment which utilizes many new 
uncongested channels in the Ultra High 
Frequency Band, 450-470 megacycles. 

NOISE-FREE RECEPTION 

With RCA 2-way radio, you eliminate 
most man-made and natural electrical 
noise, cut out ignition interference and as¬ 
sure top performance in severe noise areas. 

PROVED IN ACTUAL FIELD USE 

The UHF equipment, engineered to highest 
RCA standards, has proved its merit in 

RADIO CORPORATION of AMERICA 
COMMUNICATIONS EQUIPMENT CAMDEN. N. J. 

actual field use in five important systems. 
The new RCA UHF equipment is ready 
now to help you solve your problem of 
channel overloading. 

FOR NEW FREEDOM in radio operations 
check RCA Ultra High Frequency 2-way radio. 

MAIL COUPON NOW. 

Radio Corporation of America 
Communications Equipment Dept. 132U 
Building 15-1, Camden, N. J. 
In Canada : RCA Victor Company Limited, Montreal 

Please send me information of RCA Ultra High 
Frequency (450-470 me) 2-way radio. 

N a me_ Title_ 

Company_ 

Address-

C i T y_ Zon e_ 

State_ 



REMOTE STATION 
(Continued from page 25) 

ncering, and according to proper geo¬ 
graphic spacing. TVI is. of course, taken 
into account. At any rate, a strong sig¬ 
nal was received on our newly-assigned 
frequency. Various attempts were made 
to discriminate between it and the signal 
received from Rutland. A mobile whip 
was cut to 14 wavelength and mounted 
under the eaves of the building in the 
hope that the metal sheathing would 
shield it from the New Hampshire side, 
which is the side away from Rutland. 
Despite this attempt and the use of full 
authorized power at Rutland, it was im¬ 
possible to obtain enough difference in 
signal levels to establish the capture ef¬ 
fect and retain some margin of safety. 
Accordingly, application was made for 
another frequency. 
The Yagi antennas lasted only a few 

days. One was hit by falling ice which 
sheared off the driven element and bent a 
director. 
The new frequency assignment proved 

much better; no interference has been ex¬ 
perienced. The mobile antenna under 
the eaves of the building was retained for 
receiving and a hurricane-model half¬ 
wave antenna was rigged for transmit¬ 
ting. with the top 30 ft. up the main mast 
and two ft. away from it. It has not thus 
far been damaged by ice or wind, al¬ 
though it may be somewhat vulnerable 
to falling ice. 
The next difficulty with the relay 

equipment was occasional cutting out of 
the relay-controlled main transmitte.. 
This effect was accompanied by back¬ 
ground crackling and some distortion. D 
was traced to energy from the main 
station transmitter being picked up by 
the relay receiver circuits, because of the 
proximity of the antennas and close har¬ 
monic relationship of the two frequencies. 
The solution was to locate the receiving 
relay antenna on the side of the building 
in a vertical position, and to de-tune the 
first stages of the receiver slightly. The 
de-tuning was more effective for the un¬ 
desired signal. These measures corrected 
the situation. It was found then that 
audio distortion, to the point of complete 
loss of intelligibility, could be caused by 
advancing the threshold control of the 
carrier-operated relay too far and thus 
overloading the squelch tube. Since these 
initial difficulties have been ironed out 
the relay link has given very satisfactory 
service, with a reduction in control circuit 
failures of about 75% from those experi¬ 
enced with land-line control. During the 
first years of operation the Pico installa¬ 
tion cost more to maintain than all the 
rest of the communication system. The 
cost has now been reduced to little more 
than that of maintaining one of our low-
altitude stations. 

Regulators 

Switches Small Motors 

LN CUSTOM ENGINEERED 

ELECTRICAL EQUIPMENT 

Cranking 
Motors 

Wherever you live, you recognize 
this view of New York, a great city, famed for its 
skyscrapers. And New York recognizes the Leece-
Neville Alternator.. . it is doing a great job there 
on police cars, fire equipment and all other mobile 
2-way radio installations. 

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

With L-N Alternators, 2-way radio operation is 
surer and clearer. 2 5 to 40 amps at curb idle, 95 
amps on the highway, keeps batteries charged. 
Constant voltage protects components, cuts main¬ 
tenance costs. 

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

Custom-Engineered Electric Equipment Since 1909-

leece-
Seville 

Alternator DC Generators 
Systems 

L-N Alternators 
proved by performance for over 7 years 

The main station equipment has been 
subject to very few failures of a purely 
electronic nature. Most frequent trouble 
has been arc-back of the 5R4 rectifier 
supplying the exciter, which blows a fuse. 
This has been offset by installing a power 
supply with two parallel 5R4’s, slow-blow 
fuses, and a 10% bucking transformer in 
the 120-volt AC supply. Although the 
radio equipment is supplied from a small 
induction regulator set for 120 ± 2 volts, 
it has been found that tube lives are 
greatly increased and filament burnouts 
virtually eliminated if this is reduced to 
110 volts. It is des'rable for other rea¬ 
sons. however, to operate the rest of the 

equipment at 120 volts, and to take our 
chances with tubes. We are now using 
the new rugged-service tubes where ap¬ 
plicable; this is expected to improve con¬ 
tinuity of service considerably. 

Relays have been relatively common 
causes of trouble. Little can be done to 
estimate when a relay finger will break 
due to metallic fatigue, or a dirt particle 
will settle in the contacts of a relay. 
Cleaning telephone-type relays operating 
normally has often caused trouble when 
dust, stirred up during servicing, settles 
later on the contacts. This trouble has 
been so frequent that telephone relays are 

Continued on page 37 
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For Every Microphone Need 
in Two-Way Radio 

Here is the world's most popular 
fixed-station all-purpose microphone. 
Outstanding because of its high 
speech intelligibility, extended fre¬ 

quency range, 
high output and 
reduction of 
feedback. Pre-
vents the trans¬ 
mission of dis¬ 
tracting station 
noises. 

Model 55s 
"Small Unidyne" 
Ultra-Cardioid 

Dynamic 
Microphone 

This is the original "old faithful" 
mobile hand microphone. Used for 
rugged field and car duly more than 
all other makes combined! Features 

high speech 
intelligibility 
and rugged¬ 
ness. Stand« 
up under 
heavy use 
and abuse. 

The 
"100 Series" 

Carbon 
Hand-Held 
Mobile 

Microphone 

This Controlled Reluctance Micro¬ 
phone Cartridge 
replacement for 
Dispatcher and 

is an ideal service 
the Model S20SI. 
for use in special 
hidden micro¬ 
phone applica¬ 
tions. Practically 
unaffected by 
heat and hu¬ 
midity. 

Model R5 
"Controlled 
Reluctance" 
Microphone 
Cartridge 

This dispatching unit handles the 
most severe field requirements of pag¬ 
ing and dispatching systems. Supplied 
with 2-eonductor shielded cable, and 

wired to operate 
both microphone 
and relay cir¬ 
cuits. Feat Ures 
"Grip-to-Talk. 
Slide-to-Lock " 
long-life switch. 

Model 520SL 
"Dispatcher" 
Complete 

Dispatching 
Unit 

Designed for use with small portable 
and mobile transmitters. Only 2" in 
diameter and 1*4" thick. Has 3-con-
ductor coiled cord, metal-spring strain 

relief, and Push-
to-Talk switch. 
Has same oper¬ 
ating characteris-
t ic s as “100 
Series'* Carbon 
M icrophones. 

Model 115 
Carbon 
"Pack" 

Microphone 

A Controlled Reluctance Microphone 
and desk stand assembly — ideal for 
mobile and fixed-station use in all 
Is pcs of communications work. Has 

a built-in switch 
for controlling 
bath the micro¬ 
phone circuit and 
an external relay 
or control circuit. 

Model 510MD 
"Controlled 
Reluctance" 
Microphone 
Assembly 

SHURE BROTHERS, INC. 
Manufacturers of Microphones 

and Acoustic Devices 

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

When you need 

COAXIAL ANTENNAE 
(46 me to 174 me) 

Specify WHITES for these 
4 good reasons: 

1. Made of accurately machined 
and polished stainless steel to 
insura durability and corrosion 
resistance. 

2. Raadily assembled or dis¬ 
sembled for quick and easy 
cable replacement. 

3. Teflon insulation for low loss. 

4. Quick delivery. 

Various types of clamps available for 
these antennae 

Write for free circular containing 

engineering data and prices— 

JAMES L. WHITE & SON 
374 Verona Avenue 

Newark 4, New Jersey 

See Better! Work Better! f > 

|UX©^ 
—Acclaimed the World over 

as the bett light 
to work under! 

CONSUMERS: Ask for LUXO LAMP 
at your nearest dealer's 

DEALERS & JOBBERS 
Line up with LUXO LAMP 
Write Today! 

REPRESENTATIVES 
Territories still open 

LUXO LAMP CORPORATION 
290 MADISON AVE , NEW YORK 17. N Y 

36 CojnirxicATiox Engineering September-October, 1953 



REMOTE STATION 
(Continued jrom page 35) 

left alone except when it is certain that 
the maintenance man can observe their 
performance for several hours after clean¬ 
ing them. Relays with larger contacts 
are cleaned occasionally and inspected at 
least every three months. A complete 
complement of spare relays is kept at 
the station. 

In 1947 a State Police radio unit was 
installed about 150 ft. away from the 
CVPS station, with antennas mounted on 
the fire observation tower. Strong inter¬ 
ference to the power company receiver 
was encountered, ami field engineers from 
the manufacturers of both installations 
were called in. A filter was installed in the 
antenna lead of the State Police antenna 
on the power company frequency, and 
an entire receiver, much more selective 
than earlier models, was built and in¬ 
stalled in our station. The interference 
was entirely eliminated, and later on a 
similar case was cleared up by installing 
the same shielded RE transformer used 
in a present-day receiver on one built 
in 1946. The special receiver at Pico was 
later replaced by a new mobile receiver 
converted to AC operation, which was 
bench-tested with its carrier-operated 
relay for a month. 

Recommendations: On the basis of our 
own and others’ experiences with radio¬ 
telephone stations at 4,000 ft., some con¬ 
clusions have been reached as to the 
limitations, possible errors, and benefits 
to be expected by a new user contemplat¬ 
ing such an installation. It will be as¬ 
sumed, first, that some reasonable means 
of transportation is available, such as 
truck, tractor, or horses. A building of 
tarred cinder blocks, sheathed with alum¬ 
inum, clapboards, or cedar shingles would 
be desirable. It was found on Mt. Wash¬ 
ington, N. H, that rain-water was forced 
through cement blocks by the wind pres¬ 
sure, with subsequent danger to equip¬ 
ment, as well as the risk of trapped water 
freezing and bursting the blocks near the 
ground. The building should be as near 
fireproof as possible, with a ceiling of 
asbestos tile if wood is used in the roof. 

For lightning protection, the building 
should be placed within a 45° cone whose 
apex is the top of the antenna mast, but 
as close to the circumference of the cone 
as possible to avoid the effects of ice fall¬ 
ing from the mast in winter. A fairly 
steep roof of corrugated iron is recom¬ 
mended, with a single slope away from 
the tower. 

Unless other living facilities are avail¬ 
able the building should provide enough 
space, in addition to that occupied by the 
radio equipment, for built-in bunks, a 

Concluded on page 38 

LINK RADIO 
TRANSMITTER-RECEIVER 

Type 2365 ED. 3b 

ALWAYS AN 

EXCELLENT 

PERFORMER — 

— NOW STILL 

FURTHER 

IMPROVED! 

• 25 to 50 Megacycles 

• More Than 30 Watts Output 

• 0.4 uV. Sensitivity for 20 db Quieting 

• ~0.002% Frequency Stability 

• Adjacent or Split Channel 
(WITHOUT CHANGING MAJOR COMPONENTS) 

• Universal 6 12 Volt 
Heater Wiring 

• New Ease of Servicing 

ALSO AVAILABLE AS FIXED STATION CONSOLES 
If rite Aotr For Further Details 

LINK RADIO CORPORATION 
125 West 17th Street New York 11, N. Y. 
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Ä CornellDubilier capacitors 

Cornell-Dubilier Electric Corp., So. Plainfield, N. J. 
There are more C-D capacitors in use today than any other make 

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

THE ONLY 
MICA 
TRANSMITTER 
CAPACITORS 
THAT EXCEED 
JAN SPEC'S 

REMOTE STATION 
(Continued from page 37) 

heating unit, and a food supply. Storage 
space for tools, tackle, spare tubes, parts, 
and antennas may be needed, according 
to the accessibility of the particular sta¬ 
tion and the form of transportation used. 
If a stand-by power plant is to be used, 
as is the case with most remote installa¬ 
tions. a separate fireproof room, leanto, 
or other enclosure will be needed. Fire 
hazard to the rest of the station is thus 
reduced, and the possible corrosive effects 
of gases during charging of the starting 
battery are obviated. It has not been 
necessary to heat our radio building when 
not occupied, since the 866 mercury-

vapor rectifiers formerly used have been 
replaced with the 3B28 high-vacuum rec¬ 
tifier. 
With respect to the main-station an¬ 

tenna; a coaxial half-wave dipole appears 
to be the only design for the 30 to 40-mc. 
band which can stand up under heavy 
icing and wind conditions. If thick icing 
is anticipated, some consideration should 
be given to constructing an antenna with 
a stainless steel support pipe and whip, 
and with an extra heavy header assembly. 
Because the skirt of the antenna con¬ 
tributes little to the strength it may be 
made of aluminum or dural. The antenna 
must be mounted high enough to give 
adequate coverage but no higher, since 
ice formation and wind increase rapidly 

with height. Where weather conditions 
are not very severe a ground-plane an¬ 
tenna with resistance heating cable has 
been used successfully. This form of an¬ 
tenna also gives good lightning protection 
since it is entirely at DC ground poten¬ 
tial. A ground-plane antenna does not 
waste energy at angles high above the 
horizon, and can be mounted at a lower 
level than a dipole to give the same 
coverage. Belay antennas for short-range 
operation are sometimes mounted in¬ 
doors, and in most eases need not be ex¬ 
posed to severe weather. It has been 
found that a copper coaxial cable to feed 
the main antenna was too difficult to 
maintain. Very satisfactory operation is 
obtained with flexible RG-17/U cable. 
The relative difficulties of maintaining 

a remotely-located mountain-top station 
can be reduced considerably by carefid 
planning and construction, with particu¬ 
lar attention to the tower and antennas. 
These must be built with the worst 
weather conditions in mind, with suitable 
safety factors. Our mast is guyed at 
three levels with six guys at each level. 
One or two guys at one level have broken 
without serious danger; but if sets of 
three or four were used, the strain of ice 
and wind would almost certainly have 
been too great. 
Adequate grounding of all equipment 

to an underground power cable has 
proved to be very effective in eliminating 
lightning damage. Although underground 
cable is desirable, in some eases power 
service must be supplied by overhead 
lines. It is a peculiarity of open-wire 
power lines that the end of the line is 
most severely affected by lightning 
surges, so all possible protection will be 
needed if open wire is used. 

Finally, electronic equipment should be 
the best available, operated conserva¬ 
tively, and given regular preventative 
maintenance. Since the failure of a relay 
or tube in a remotely-controlled station 
can put the transmitter on the air. a 
means must be provided for shutting 
down the station, either automatically or 
by remote control. One well-engineerd 
mountain-top station will provide excel¬ 
lent service and reduce substantially the 
cost of covering the same territory with 
several lower-powered transmitters in 
more accessible installations. 

DUAL CRYSTALS 
(Continued from page 33) 

frequency deviation of about 0.01% over 
the range from •—30 to -|-90oC. when op¬ 
erated singly, ami the 3,5° 24' crystal also 
had an overall deviation of about 0.01%. 
The overall frequency deviation for the 
two crystals in series was about 0.002%, 
or approximately five times better than 
either crystal alone. Fig. 10. 

It should be noted that under current 
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military specifications for allowable fre¬ 
quency deviation, each of the individual 
crystal units would have been rejected. 

Figs. 11 and 12 represent temperature-
frequency characteristics of crystals cut 
at 35° 6' and 3.5° 27', respectively. The 
overall frequency deviation for the 35° 6' 
crystal was a little more than 0.01% over 
— 30 to +90°C. range and the overall 
deviation for the 35° 27' crystal was of 
the same order. The overall deviation for 
the two in series. Fig. 13, is about 
0.0015%, which is an improvement of 
about seven times. These crystals also 
would have been rejected separately. 
The entire group of crystals was teste 1 

over the temperature range from +70 to 
+80°C., which isa restricted temperature 
range often stipulated in procurement 
specifications, in order to find crystals 
which could be paired to give cancellation 
of temperature coefficients. Figs. 14 and 
15 show the frequency rs. temperature 
characteristics of two such crystals. I lie 
overall deviation for both crystals is 14 
cycles over the restricted range, or 
0.00028% of the nominal 5-mc. frequency. 
Figs. 16 through 18 show the results for 
three repeated runs over the 70 to 80°C. 
range, with the crystals in series operating 
as a low impedance in a series-resonant 
circuit. Fig. 19 reveals the result when the 
temperature was brought up from below 
70° through 80°C. and then reversed. 
Fig. 20 shows the result when the crystals 
were raised to higher temperatures than 
80°C., then brought down in temperature 
through 70°C. and then reversed. It can 
be seen that for the worst case the devia¬ 
tion was only about 1.8 cycles from 70° 
to 80°C., or 0.000036' , . This is an im¬ 
provement of about eight times over that 
of either crystal alone. It can be seen also 
that the general shape of the curves is not 
maintained from one run to another. This 
indicates that the small frequency devia¬ 
tions obtained could very well be due to 
oscillator circuit changes or to interpola¬ 
tion oscillator short-term deviations. If 
is felt that the actual gain realized is much 
more than that indicated, the crystal 
fluctuations being much less than that of 
the circuit itself and of the interpolation 
oscillator. 

Conclusions: According to the theoret¬ 
ical and experimental data, it is clear that 
significant improvements in frequency 
stability can be realized by the use of 
quartz-crystal combinations. A crystal 
unit can be obtained in this way which is 
five to seven times better, over the tem¬ 
perature range of —30 to +90°C„ than 
the production crystals making up the 
unit. 

Such crystal combinations could be 
considered seriously as possible substi¬ 
tutes for precision crystal units used as 
secondary standards. In the event of a 
critical quartz. shortage, this method pro¬ 
vides a means of salvaging oscillator plates 

Concluded on page 41 

RCA’s new Tube Requirement Analysis! 
Now you can stop worrying about the possibility of com¬ 
munications equipment shut-down — in the event you have 
neglected to reorder a key tube type. Now you can also save 
money by avoiding "overstocks.” RCA’s new Tube Requirement 
Analysis gives you smooth control over your communications 
equipment tube requirements. 

_ _ Then your RCA Tube Distributor can 
prepare a record of movement on each tube type 
required for your communications equipment 
—can study your specific tube requirements. 

Get in touch with your 
RCA Tube Distributor 

- Give him all the information you can 
about your electronic equipment, the tube types 
involved, and your special requirements. In this 
way, you bring him up to date on the services in 
which your tubes are operated. 

He recommends a plan for YOU 

Now, your RCA Tube Distributor presents a tube 
inventory plan — simplified and "tailored” specifi¬ 
cally to your operations. He keeps up to date on 
your inventory . . . and backs it up with inventory 
service on his end, too! No overstocking. No 
shortages. Yet you can be sure you have the right 
tube—when you need it! 

RCA’s new Tube Requirement Analysis is available exclusively 
through your local RCA Tube Distributor. Call or write him, 
today. There is no charge or obligation for this service. 

® ILÍCTROH TUBtt 
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RELAYS 

833 W. CHICAGO AVE. 

OEPT. 12. CHICAGO 22. ILL. 

Í 

UlKO CHTNl W-

Telephone 

SEeley 8-4146 

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

Telephone, wire or write 
for quotations. 

24 HOUR 
DELIVERY 

FROM STOCK 

NEW AND MORE 

COMPREHENSIVE 

1953 
RELAY SALES / 
CATALOG 
NOW READY 

Be sure to send 
for your copy 

WM67 TERM ALINE 
DIRECT-READING 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 

NEELY 
ENTERPRISES 

Hollywood • San Francisco 
Albuquerque ELECTRONIC CORP. 

1800 EAST 38th ST., CLEVELAND 14, OHIO 

TERMALINE Coaxial Line Instruments 
EARL LIPSCOMB 
ASSOCIATES 

, Dallas e Houston 

K/ütefôastd 

UNIVERTER 
for complete 

frequency coverage 
when used with the 

FM-AM SIGNAL GENERATOR 

The UNIVERTER Typ« 207- A provides a con-
tnuous extention of the frequency range of the 
202-B FM-AM Signal Generator down to 0.1 me. 
The two instruments may be used over a continuous 
frequency range of 0.1 me. to 216 me. The Univerter 
Type 207-A subtracts 150 me. from a signal obtained 
from the 202-B and provides outputs between 0.1 me. 
and 55 me. without change of signal level. Negligible 
spurious signals are introduced and modulation of the sig¬ 
nal is unaffected. Small incremental changes can be made 
in frequency to allow the study of band pass characteristics 
of very narrow band receivers. A regulated power supply 
prevents change of gain or frequency with line voltage. 

SPECIFICATIONS (When used with 202-B) 

FREQUENCY RANGE: 0.1 me. to 55 me. (0.3 me. to 55 
me. with 200 he. carrier deviation). 

FREQUENCY INCREMENT DIAL: Plus or minus 300 kc. 
calibrated in 5 kc. increments. 

FREQUENCY RESPONSE: Flat within * 1 db over fre¬ 
quency range. 

FREQUENCY ADJUST: Front panel contro allows cali¬ 
bration with 202-B output. 

OUTPUT: Continuously variable, at XI ¡ack from 0.1 
microvolt Io 0.1 volt across 53 ohms by use of 
202-B ettenuator. 

HIGH OUTPUT: Uncalibrated approximately 1.5 volts 
from 330 ohms into open circuit. 

DISTORTION: No appreciable FM distortion at any level. 
No appreciable AM distortion at carrier levels be¬ 
low 0.05 volt and modulation of 50%. 

SPURIOUS RF OUTPUT: At least 30 db down at input 
levels less than 0.05 volts. 

Write for complete information 
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DUAL CRYSTALS 
(Continued from page 39) 

which would be rejected on the basis oí 
excessive frequency shift with tempera¬ 
ture. 

Acknowledgments: We wish to thank 
the Hunt Corporation of Carlisle, Penn¬ 
sylvania, for their materials ami coopera¬ 
tion in regard to crystal combinations. 
They were responsible for giving the in¬ 
vestigation renewed impetus. 

TAXI SYSTEM 
(Continued from page 21) 

cheaper to replace than other types, such 
as lighthouse tubes, and service records 
show an average life in this installation 
of approximately 5.000 hours; this is 5 
times better than would have been ac¬ 
ceptable. 

Even if no trouble occurs in a taxi 
radio, it is brought to the radio shop 
every ti to 8 weeks for a routine check 
of frequency, power output, and other 
performance qualities. Experience indi¬ 
cates that this maintenance period ap¬ 
parently can be further increased without 
service degradation. 

Conclusion: Since the system has now 
been in operation for better than I’j 
years, it is possible to evaluate results not 
only from a radio performance standpoint 
but on a business basis as well. Needless 
to say. a decrease in dead mileage ami a 
general increase in efficiency was inevit¬ 
able as a result of radio dispatching. It 
is also interesting to note a definite in¬ 
crease in business volume due to other 
factors indirectly resulting from the use 
of radio. Checker is gaining back custom¬ 
ers from smaller radio-equipped competi¬ 
tors. They are also gaining new custom¬ 
ers because of the more rapid servicing of 
calls. In addition, business is increasing 
in the fringe areas of the city, including 
zones 2. (i. 7. and 8. This can only be 
attributed to the fact that previously, cab 
drivers always avoided these areas, since 
cruising pick-ups were infrequent; but 
with radio they can handle service 
calls in the city outskirts at a constantly 
increasing rate. The mere availability of 
cabs in these areas automatically pro¬ 
duces new business. 

It should also be stated that this sys¬ 
tem became a possibility only through the 
combined efforts of the Checker Cao 
Company and Ilie Link Radio Corpora¬ 
tion. Mr. Carl II. Anderson, president of 
( hecker Cab. and his associates contrib¬ 
uted not a little in the form of practical 
suggestions from an operating standpoint . 
This made possible the thorough analysis 
of their problems, the solution of which 
resulted in a superior radio dispatching 
system tailored to handle efficiently I he 
high traffic density involved. 

Hommarlund introduces the 

Change the bandwidth without de-tuning when you 
operate an "SP-600-JX" Communications Receiver 

"HQ's" famous, along with the most recent advances in the art of 
For detailed information ask for Bulletin 117. 

The aim at perfection in engi¬ 
neering and manufacture of the 
“SP-600-JX” has yielded a design 
which permits selection of any of 
six bandwidths (0.2, 0.5, 1.3, 3, 8, 
and 13 kc) with no de-tuning from 
center frequency. 

Furthermore, these I. F. stages 
are so stable that once set at the 
factory, they are unlikely to ever 
need re-alignment again. Even a 
change of I. F. tubes has no effect 
upon alignment of this superior 
receiver. 

Write to the Hammarlund Man¬ 
ufacturing Company, Inc., 460 
West 34th St., New York 1, N. Y. 
for more details on the SP-600-JX. 
Ask for Bulletin 116. 

ceiver design and engineering are 
incorporated into the "SP-600-JX" to 
make it outstanding in quality and 
unexcelled in performance. Regard¬ 
less of your past experience as a 
radio operator, amateur, or short¬ 
wave listener, you will be impressed 
by the suoerlative , advantages of 
the "SP-600-JX" 
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WHY SETTLE FOR LESS THAN THE BEST? 

PLATT 2-WAY 

MOBILE RADIO 

GIVES YOU THE 

MOST ADVANCED EQUIPMENT 
★ COMPACT— Transmitter & Receiver mounted on single chassis under one cover 

with vibrator power supply affording 30 watts of R-F output in 152-174 me band. 

★ DEPENDABLE— field tests prove its superiority; satisfied users praise its un¬ 
matched reception even in fringe areas. 

★ EASIEST INSTALLATION— only one short cable and antenna assembly required. 

★ GREATER SAVINGS— in first cost and maintenance. 

★ GUARANTEED— for 90 days against defective materials and workmanship. 

GET ALL THE FACTS WRITE FOR YOUR LITERATURE TODAY! 

PLATT Manufacturing Corp . 489 BROOME ST., N. Y. 13, N. Y. 

TELEPHONE: WORTH 4-0827 

WESTERN ELECTRIC 

! Tubes 
Available 

I 
2C51 4.25 

1 101D 1.39 
■ 101F 1.39 
" 101 L .75 
I 102F 1.39 

102L 1.39 
I 104D 1.39 
_ 244A 5.50 
■ 310A 4.75 
■ 310B 6.75 
" 311A 4.75 
I 311B 5.75 

336A 4.25 
I 337A 4.50 
. 349A 6.75 
■ 35OB 6.75 
I 351A 7.75 

From Stock 

373A 4.75 
374A 4.25 
393A 9.75 
394A 3.75 
396A 2C51 4.25 
403A 3.25 
403B 3.50 
404A 11.95 
406A P.U.R. 
407A 4.75 
408A 2.75 
412A 3.50 
416A P.U.R. 
417A 11.95 
418A 9.75 
421A 8.50 
422A 6.50 

59 FOURTH AVE., NEW YORK 3, N. Y. 
OREGON 4-3027 

Calvert Electronics 
INCORPORATED 

Links fundamental theory 
and overall system practice 
ULTRA 
HIGH FREQUENCY 
PROPAGATION 
By H. R. REED, and C. M. RUSSELL, U. S. 
Naval Air Test Center, Patuxent River, Md. 
THIS book presents new data on latest 
1 developments and experiments and pro 
vides a full understanding of such critical 
factors as: reflection, diffraction, turbuience, 
directivity and divergence. It shows the 
way to a closer approach to ideal installa¬ 
tion practice and points up maintenance 
problems. Contents: 
An introduction to UHF Communications and 
the System Concept. General Aspects of 
Propagation. Meteorological Theory. An¬ 
tennas and Radiation Phenomena (Ground 
Reflection Behavior). Multipath Propagation. 
Comparison of VHF and UHF Propagation, 
Dipole to Dipole. Complex Antennas (Lin¬ 
ear Arrays), Complex Antennas (Circularly 
Polarized Antennas). System Comparison, 
Operation, and Design of UHF Complex 
Antennas. Air-to-Air Propagation. Lobe 
Modulation Interference and Design Con¬ 
siderations. Effects of Meteorological Con¬ 
ditions on Experimental Flight Data. Gen¬ 
eral Operational Considerations. Illustrative 
System Design Problems. Index. 
Send today for your on-approval copy 
1953 

562 pages 
286 illus. 
$9.50 

JOHN W 
& SONS 
440 Fourth Avenue 
New York 16, N. Y. * i-

FCC PHILOSOPHY 
(Continued from page 29) 

and the transmission of single short mes¬ 
sages. Today it is for calling and dis¬ 
tress only. It should be pointed out that, 
in every case, the rides apply equally to 
the existing licensees and to the late¬ 
comers. If it is necessary to restrict the 
activities of the existing licensees to make 
room for new-comers, that must be done. 
If the rules may be relaxed, they are 
relaxed for all. 
Mention has been made of the pro¬ 

cedure used in allotting frequencies to in¬ 
dustrial groups. It might seem, at first 
glance, that the allocations are unduly 
specialized. For example, the highway 
trucks, the buses, and the taxicabs could 
all be grouped in the land transportation 
allotment. Similarly, the fire depart¬ 
ments. water departments, police depart¬ 
ments, and other like services could be 
grouped in a public safety allotment. As 
a matter of fact, the latter was actually 
proposed during the course of one of the 
allocation proceedings. However, it was 
pointed out that if sharing is required, it 
is much more satisfactory from the point 
of view of the operators to share with 
others in a like business. It was felt that, 
in the case of communications problems 
resulting from sharings, it would be much 
easier to reach a satisfactory agreement if 
those involved speak the same language, 
encounter the same problems, and have 
a mutual appreciation of the dilemma in 
which each found himself. In some com¬ 
petitive industries, feelings were ex¬ 
pressed that call-pirating would result, in 
spite of the Communications Act. if com¬ 
peting industries in the same locality 
shared the same frequency, as is the case 
in the taxicab service. This may have 
occurred. However, experience through 
the years indicates that such practices 
die out automatically. For example, the 
taxicab system that pirates calls of an 
another finds that it loses as many calls 
as it gains, since piracy results in reprisal. 
In addition, such cabs have found that 
piracy builds up customer resistance since 
a customer calling for a “Fresh Air Cab” 
is disturbed when a “Smoke Filled Room 
Cab” answers the call. 

In the microwave point-to-point serv¬ 
ice there is a probability that, contrary to 
the practice in the mobile fields, alloca¬ 
tion of frequencies to separate industrial 
groups will not be made. Systems of this 
kind are essentially of a type that require 
interference-free operation since the 
operation is a continuous carrier, and 
multiplex systems are used to derive a 
number of communication channels over 
one radio-frequency assignment. There 
is and will undoubtedly continue to be a 
sharing of identical frequencies by sys-

Continued on page fit 
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THE 10-MEGACYCLE SCOPE 
FCC PHILOSOPHY 
(Continued from page 42) 

tenis of this kind in single geographical 
areas. To solve this apparent impasse, it ! 
is necessary to achieve interference-free 
operation through excellence of engineer¬ 
ing design and the maintenance of high 
standards of engineering and operation. 
For this reason, the emphasis in the rules 
will have to be on system design and 
operation, rather than on what indus¬ 
trial group uses the system. 
As stated previously, the Commission’s 

Hules provide those technical standards 
necessary for the various safety and spe¬ 
cial radio services to share a limited fre-
quncy spectrum. In the broadcast field, 
there is an additional consideration not 
present in either the common carrier or 
industrial fields. That is in relation to 
the business of broadcasting, the Com¬ 
mission is in a sense the representative of 
the general public. A broadcast station 
is granted a franchise, through its license, 
upon the assurance that it will serve 
directly a particular segment of the pub¬ 
lic in a specified geographical area. Shar¬ 
ing patterns among broadcast stations are 
so established that if prescribed powers 
and specified antennas are used, one seg¬ 
ment of the public and none other will be 
served by a particular broadcast station. 
If a broadcast station operates with less 
power than prescribed, it fails to serve its 
public, and does not carry out the obliga¬ 
tions of the licensee: if it is operated with 
more than the specified power, it inter¬ 
feres with the ability of other broadcast¬ 
ers to carry out their responsibilities. For 
this reason, in the broadcast service tech¬ 
nical standards must be more detailed 
and more complete than in other services, 
and each application for new facilities 
must be given individual attention and 
study. 

In the case of the common carrier serv¬ 
ice. if. for example, a station is licensed to 
transmit from New York to London with 
80 kw. of power, and with a high-gain 
directional antenna, it is not required to 
use full power when communications con¬ 
ditions are good and all messages can be 
handled with requisite speed at much less 
power. However, the sharing pattern on 
that frequency is so adjusted that in case 
of necessity the point-to-point station can 
use 80 kw. without destroying the service 
rendered by some other similar user else 
in the world. 

Generally speaking, in the safety and 
special services the standards are much 
like those described as applying to the 
common carrier. Maximum limits are 
set, and the licensee is permitted to use 
only what is necessary to accomplish his 
end, provided the limits are not exceeded. 
The sharing pattern is designed so that if 

Continued on page 44 

for 
detailed 
waveform 
analysis 

0L -23 
• Expansion of any image detail is 

possible up to the maximum 
writing rate of the 'scope. 

• AND the sweep maintains its 
accurate calibration independ¬ 
ent of the degree of expansion. 

NORMAL PRESENTATION 

"Sweep-Lok" synchronization 
- easy to set - locks in and stays locked over broad ranges 

SPECIFICATIONS 

• 5 cycle to 10 me vertical 
amplifier with signal delay 
line — .035 psec rise time 

• Accurately calibrated trig-

• 1000 volts accelerating potential on 
5YP tube for bright, clear, trace 

• Interior designed for accessibility 
and ruggedness, the exterior for 
that “Professional Appearance” 

Write for descriptive 
literature 

gered or recurrent sweeps 
0.1 p.sec/cm to .011 sec/cm 

• Vertical calibration voltage 
variable to 100 peak-to-peak 

• Built-in trigger generator 
with positive and negative 
outputs 

• Continuously variable sweep 
delays up to 10,000 /tsec 
without jitter 

MODEL OL-23 
OSCIHOSYNCHROSCOPE 

$890.” 
BROWNING 
Laboratories, Inc. 
Winchester, Mass. 
tNGINtlKFO FOR INGINCCRS 
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W.?d Radi 

r ALLIED’S 
COMPLETE 268-PAGE 

b. 1954 CATALOG a 
Stocks of 

free \ 

the most widely 
used Electronic 

Supply Guide 

We specialize in 
Electronic 
Equipment 
for Research, 
Development, 
Maintenance 
and Production 
Operations 

COMPLETE EXPERT 
Industrial Service 

ELECTRONIC SUPPLIES FOR INDUSTRY 
Simplify the purchasing of all your electronic supplies and 
equipment. Send your orders to us at allied— the reliable 
one-supply-source for all your electronic needs. Depend on 
us for quick shipment from the world’s largest stocks of 
special-purpose electron tubes, test instruments, audio 
equipment, electronic parts (transformers, capacitors, con¬ 
trols, etc.) and accessories—everything for industrial and 
communications application. We make immediate shipment 
from complete quality lines that are always in stock. Send 
today for your free copy of the 1954 allied Catalog —the 
complete up-to-date guide to the world’s largest stocks of 
Electronic Supplies for Industrial and Broadcast use. 

One complete 
dependable source 
for everything 
in electronics 

ALLIED RADIO CORP 
100 N. Western Ave., Dept. 20-J-3 

Chicago 80, Illinois 

SEND TODAY FOR FULL DETAILS AND TECHNICAL 
INFORMATION. 

I RESINITE CORPORATION 
DIVISION CF PRECISION PAPER TUBE 

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

RESINITE 8104: for coil forms 

requiring very high dielectric 

properties under extreme 
humidity. 

RESINITE "AC": xor applica¬ 
tions requiring very high di¬ 

electric strength. Electrolytic 
corrosion is impossible. 
RESINITE 104: for stapling, 

severe forming, fabricating. 

FCC PHILOSOPHY 
(Continued from puye f-i) 

the maximum limits are not exceeded, the 
plan of sharing can be worked out suc¬ 
cessfully in practice. In a few cases in 
the safety services, such as coastal and 
airdrome control stations, additional 
limits arc prescribed since in these cases, 
as in broadcasting, the FCC has a special 
responsibility to the general public. For 
example, the airdrome control station is 
licensed for specified power and specified 
hours of operation. Airmen plan their 
Hights relying upon the published sched-
ide of that station for communication 
service, and if the schedule is not main¬ 
tained an airman may find himself in 
trouble for lack of a communication serv¬ 
ice he expected to find available. 

Although in general rules of the Safety 
and Special Radio Services prescribe only 
limits, in the microwave point-to-point 
system there is a possibility that the tech¬ 
nical standards will be as detailed if not 
more detailed than those applied to 

' broadcast stations. 
In every case anil in every service, 

over-regulation is undesirable. Only those 
standards should be adopted which are 
required to insure the rendition of the 
service by the licensees in the manner 
contemplated by the rides and regula¬ 
tions. and on the basis of the representa¬ 
tion made by the licensee in his applica¬ 
tion. 

Suggestions have often been made that 
the policy of making service allocations is 
wrong: that the Commission should study 
every individual community to insure 
that maximum use of radio is made in 
that community. This proposition seems 
to be very attractive at first glance, par¬ 
ticularly when it is considered that there 
are very few users or potential users in 
many of the sparsely settled parts of the 
country. It may be that in those sparsely 
settled areas licensees might beauthorized 
to use radio in fields not permitted in the 
more congested areas. For example, in 
the City of Washington, it is impossible 
Io provide frequencies for oil burner serv¬ 
ice men to use for their own purposes. 
Such organizations are required to obtain 
radio service from common carrier radio 
facilities. However, there are many small 
towns in the Midwest where there are 
very few if any industrial services. So. 
from a physical point of view, the oil 
burner service man in such towns might 
have a frequency. Unfortunately. this 
does not work in practice since the oil 

; burner man in the small town does not 
I seem to want a radio system. In general, 

if the communications needs of the con¬ 
gested areas can be solved, the communi¬ 
cations problems of less congested areas 
have been solved also. 

Continued on paye 
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THE COMPANY 

Advancements in the 
fields of wave 
propagation, 
translation of 
information, 
communication theory, 
circuit techniques 
and equipment 
miniaturization have 
created o number of 
new openings for 
qualified engineers in 
the Hughes Advanced 
Electronics 
Laboratory. 

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 

terns, 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. 

I 

I 
I 
I 
I 
I 

I 
I 
I 

Hughes 
RESEARCH AND DEVELOPMENT LABORATORIES 

Scientific 
and 

Engineering 
Staff 

CULVER CITY, 
LOS ANGELES 

COUNTY, 

CALIFORNIA 

J. 
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From Alden’s Line of Ready-made Components 
for Unitized Plug-in Unit Construction: 

Miniature Sensing and Indicating 
Components by ALDEN 

I he new trend to unitized plug-in construc¬ 
tion calls for tiny sensing and monitoring 
devices to act as “telltales” when trouble 
occurs. Device must be rugged, yet take a 
minimum of panel space. Here are latest in 
Alden Scries to meet this problem. 

ALDEN "PAN-i-L!TE‘ 

You can use this new tiny Alden Pan-i-Lite 
indicator where never before possible. 
Easily serviced one-piece lens-bulb replace¬ 
able from front of panel. Mounts simply 
by pushing into .318" hole. Gives beautiful 
indication: glows like a red hot poker, 
l iny spares can always be kept ready in kit 
or taped in recess of equipment. Available 
in 6 V, 12V and 28V, various colors. 

ALDEN "FUSELITE" 

Spot trouble in-

cator light in lens 
glows when fuse 
blows. One-piece 
molded lens-and-

screws i rom iront 
Panek Ideal for 

monitoring power 
to each unitized circuit. Available for 28V, 
IIOV and 250V. 

ALDEN TEST POINT JACK 

Provides a quick front panel check point 
for any circuit voltages in your equipment. 
This tiny Jack fits .257" hole and takes 
only behind panel. Beryllium copper 
contact withstands hundreds of insertions. 
Phenolic or nylon insulation, many colors. 

SEND FOR FREE SAMPLES 

1 43 N. Main St., Brockton 64, Mass. 

Uön0)flLOfN Products Co. 

— also request free “Alden 
Handbook" 226 pages of tech¬ 
niques and components for Uni¬ 
tized Plug-in Unit Construction. 

FCC PHILOSOPHY 
(Continued from page 44) 

There is another objection to this 
method of treatment. Suppose that, in 
the city of New oi k. Industry A feels 
that it needs additional communication 
facilities so it looks over the field ami 
finds that the frequency assigned to In¬ 
dustry B is not in use in that area. There¬ 
upon, Industry A applies for that fre¬ 
quency. The minute his application ap¬ 
pears, industry C says, “Wait a minute, 
if another frequency is available in New 
York, we need it much more than Indus¬ 
try A.” On top of that, Industry B pro¬ 
tests: "While it is true we are not in New 
York now, we expect to be there next 
year." The end result would be all the 
industries down the alphabet, including 
W Z, would get into the argument over 
the question as to who gets what fre¬ 
quency. The Commission would then be 
laced with a frequency allocation hearing 
on the New \oik problem alone. Further, 
no such allocation proceedings could, as a 
practical matter, be restricted to any 
locality. Since radio knows no boun¬ 
daries. w hat is done in one locality affects 
other areas. 1 f you try to allot frequencies 
in New Aork City, you would certainly 
have to take in greater New York. W hat 
you do in greater New York would effect 
what you do in Philadelphia. W hat you 
do in Philadelphia would affect what you 
do in Baltimore, and what started as a 
study of the New York problem would 
end as a restudy of the national problem. 
For these reasons, it appears best to re¬ 
tain the course now charted, and to con¬ 
tinue service allocations. 

Finally, the situation described has a 
major affect upon the nature of the stall 
of the Commission and its activities. The 
issuance of licenses in the Safety and 
Special Radio Services should become a 
routine task if the allocation of frequen¬ 
cies are reasonable, if the rules and regu¬ 
lations are intelligently conceived and 
well understood, and if the Commission’s 
forms are appropriate to the service re¬ 
quirements. If these forms are filled in 
correctly by an applicant, the comparison 
of the application with the norm is a 
simple task, ami the issuance of author¬ 
ization in such cases is reduced almost to 
a mechanical operation. It is because of 
this fact that it is possible to process 
applications in some of these special serv-

I ices at an average rate of one every fif-
I teen minutes or less, and still give ade¬ 
quate consideration to each. If on the 

I other hand, the Commission’s planning is 
inadequate, and the needs of industry 
are not understood and met by reason¬ 
able regulations and adequate forms, 
there will be a constant stream of irregu¬ 
lar applications requiring individual 

Concluded on page 48 

The NEW 
Mr.®'"} 

DC-AC CONVERTER 

by (WkãÜ1

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 

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. 

.State. 

Carter Motor Co. 
2641 N. Maplewood Ave.r Chicago 47 

Please send new catalogs containing com¬ 
plete information on Carter “Custom” Con 
verters and other Rotary Power Supplies. 

Name 

A d d r es s_ 

MAIL COUPON FOR CATALOG 

MOTOR CO. . 
2641 N. Maplewood Ave. 9 

Chicago 47 
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RADAR • TELEMETERING • COMMUNICATIONS • NAVIGATIONAL AIDS • ELECTRONIC MINIATURIZATION 

for the Wo ctronics 

AUDIO 
5 COffPQQAT 

A WORLD 
of Know-How • Facilities • Experience 

Do you have an application in the fields of radar, telemetry, 

MINIATURIZED PACKAGED CIRCUITS 

Plug-in circuitry in a compact unit. Custom-
engineered to individual specifications based 
on circuit requirements or performance needs. 

communications, navigational aids or electronic miniaturization? 
If so, it will pay you to consult Audio Products Corporation. 
Here you’ll find 35,000 square feet of modern production facili-

For the Best in Electronic Design, Development and Manufacture, Consult 

AUDIO PRODUCTS CORPORATION 

2265 WESTWOOD BOULEVARD, LOS ANGELES 64, CALIFORNIA 

ties and a staff of engineers accustomed to working in the more 
advanced phases of electronic development. From basic design to 
prototype, to final engineering tests —their knowledge, experience 
and facilities are applied to deliver a finished product to meet the 
highest standards of performance and reliability. A host of success¬ 
ful electronic units for military agencies and commercial organi¬ 
zations the world over is your proof. That is why we say — 

THE MODULAR SYSTEM 

A basic electronic tool of great flexibility to 
aid in the design and use of pulse methods 
for information transmission, storage ard 
computation. 

Ine emphasis is on telemetry, radar relays, 
modulars and packaged circuitry 

Highly skilled Audio Products technicians work 
with advanced production test facilities 

Ever-expanding plant facilities provide more 
than 35,000 square feat of production space 
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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 . Itt LIMESTONE, IEUEVUE 

PEORIA. ILLINOIS . PH. MIM 

\COM CO 
TWO-WAY VH F 

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 me. band 

7Vi watts 152-174 me. band 
LOW BATTERY DRAIN 
PERFORMANCE—identical with ground 

station equipment. 
For details contact your nearest C0MC0 dealer 

FCC PHILOSOPHY 
(Continued from page id) 

study. Even if a staff could be provided 
to consider applications on a case by case 
basis, the end results would undoubtedly 
be unsatisfactory. Since it would not be 
the result of a plan, inequities would 
result. 

In view of this situation, it should be 
expected that those segments of the Com¬ 
mission's stall which act on applications 
would be largely administrative and 
clerical, and it should be possible to 
handle a large volume of applications 
with a minimum number of people. On 
the other hand, those segments of the 
Commission's staff involved in planning 
should consist of highly qualified experts 
in the field of engineering and law. and 
they should be furnished with adequate 
clerical staffs. Those men must have 
imagination and administrative ability as 
well as basic technical skill, since their 
work is in the field of planning for the 
use of radio rather than in the develop¬ 
ment of radio apparatus or circuits. Such 
a staff should not only be competent in 
the field of communications, but must be 
familiar with the non-communication 
problems of the industry and the pro¬ 
posals for the use of communications in 
solving them. How can the Commission s । 
staff make recommendation as to the jus¬ 
tice of claims that taxicabs need more fre¬ 
quencies as against the cries of the buses 
for additional assignments unless it has 
a working knowledge of how taxicabs are 
handled, and how the movements of 
buses are managed. 
Communication isa service. Tin- most 

successful communication engineer is he 
who knows the most about the business 
of the clients whom he serves. The 
Commission is charged by the ( ongress 
to administer the communications 
policies of this government so that all the 
people of the Cnited States will have a 
rapid, efficient, nation-wide and world¬ 
wide wire and radio communication serv¬ 
ice. with adequate facilities at reason¬ 
able charges, both for the purpose of na¬ 
tional defense, and for the purpose of 
promoting safety of life and property. 
The degree to which the Commission 
succeeds in carrying out this mandate de¬ 
pends. in a large measure, upon the 
degree to which its staff becomes familiar 
with the methods of operation of all the 
industries of the Cnited States, and as to 1 

how communications techniques can be 
applied most effectively to the problem of 
those indust ries for the benefit of all. 

Note: This concludes Col. White's dis¬ 
cussion of assignment philosophy. Next 
issue, Merle E. Flocgel of the FCC staff 
will present the FCC s side of the form 
fOO issue, and will interpret some of the 
major sections.—Editor. 

McMeA. Molúle. MASTERPLANE 
2 METERS— 

GROUND PLANE ANTENNA- 140 to 162 MC 
Model 300—Master De Luxe . . 
NEW! Outperforms any type of 
vertical dipole. "Drooping" 
Type Ground Plane plus four 
straight radials to give a low 
angle of radiation. It gives an 
almost perfect circle radiation 
pattern. Ideal for CD and de¬ 
fense nets. Covers complete 
Amateur Band with excellent 
Broad Band characteristics. Other 
frequencies as specified. Matches 
52 ohm coaxial cable through 
threaded coaxial fitting at end. 
Radials adjustable (up or down) for purpose of 
eliminating standing waves. Sturdily-built of finest 

TWO METER COAX 
ANTENNAS 

NO. 214 MASTER 
DELUXE ruggedly-
constructed, vertically 
polarized, frequency 
range 140 to 170 MC. 
Completely water-
proofed. Highly pol¬ 
ished chrome en¬ 
hances appearance 
of any vehicle. Fur¬ 
nished with 10' of 
72 Ohm Coax Cable. 

alloys to withstand corrosion, 
high winds and extreme ic¬ 
ing. With 36" length of 34" 
pipe for mounting purposes. 

MODEL 3C0 

AMATEUR'S NET: $12.95 

MOUNTING BRACKET: 

NO. MB S1.00 NET 

MOUNTING TYPES: Model GP-4. Four "Droop-
Type 1—on side with ¡ng" Radials for perfect 
2 brackets furnished match to 52 ohm coax cable. 
NET: $15.95. Type 

2 MASTER MOUNT 
(No. 132X or 140X). 
Mounts sold separ¬ 
ately. Complete 

Complete amateur band cov¬ 
erage. Specify other fre¬ 
quencies. (U-Bolts and Mount¬ 
ing Brackets furnished.) Also 
attachable to side of build-

S17.45. 
mounting 
17". 

Adjustable 
adjusts to 

214 

WRITE 
Ask for lit¬ 
erature on 
the more 
than 70 

numbers in 
the Master 

Mobile Line 

ing. Sturdy, 
special 

alloys, to 
withstand 
corrosion 

and extreme 
weather. 

Model GP-4 
AMATEUR'S 
NET: $5.95 

2 METERS - 140 to 162 MC 

SOLD BY LEADING JOBBERS 

MASTER MOBILE MOUNTS, INC. 
P. O BOX 1817 • LOS ANGELES • CALIF 
Warehousa & Shipping Address: 1306 Bond St. 

S-506-DB 
Socket with 
deep Bracket 

able by circuit 
Characteristics. 

Socket contacts phosphor bronze, knife-switch 
type, cadmium plated. Plug contacts hard brass, 
cadmium plated. 2, 4, 6, 8, 10, and 12 contacts. 
Plugs and sockets polarized. Long leakage path 
from terminal, and terminal to ground. Caps and 
brockets, steel parkerized (rust-proofed). Plug 
and socket blocks interchangeable in caps and 
brackets. Terminal connections most accessible. 
O"'? insulated with canvas bakelite. 

Write for Jones BULLETIN 19 for full 
details on line. 

Howard B. Jones Division 
C H 1 C A G O 2 4 ILLINOIS 

■ 1 
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Model 292X 

SIGNAL GENERATOR 
Frequency Coverage: 
125 KC to 220 MC 

Calibrated Output: 

Less than 1 microvolt, 
up to 1 00,000 

microvolts. 

In electronic instruments, HICKOK pioneer¬ 
ing leadership has been acknowledged for 

over 42 years. 

THE HICKOK ELECTRICAL INSTRUMENT COMPANY 

10514 Dupont Avenue • Cleveland 8, Ohio 

Professional engineers and technicians 
everywhere constantly rely on the accuracy 
of calibration and long dependability of 

HICKOK instruments. 



with organized 

Maintenance Service Personnel to back the 

"best engineered 2-way radio 

equipment 

remember, too ! 
that Motorola is a SERVICE 

organization 

2-way Radio 

No matter where you 
are, Motorola Service is geared, 

both in distribution and depth, to serve and 
maintain your radio communications system in conjunction 

with your present personnel. 
It is the largest organization of specially trained radio 
communication service people in existence today. 

Motorola 
Communications & Electronics, Inc. 

A SUBSIDIARY OF MOTOROLA, INC. 

900 N. Kilbourn Ave., Chicago 51. Illinois • Rogers Majestic Electronics Ltd., Toronto, Canada 




