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%ORPOIATION

363 EAST 75TH STREET, CHICAGO 19
ANDREW CORNER REFLECTOR ANTENNA

Puts New Power in Two-Way Radio Communications!

) tronger signals at greater distances are BUILT-IN this new narrow-angle
antenna. ldeal for serving long stretches of highway, rail or pipe lines, it is equally 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.




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 dnd from control point 1700 feet below.
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HILLTOP RELAY STATION receives
signals from control station on 73.98 me.
RCA 2 w R d. and from mobile units on 48.54 me.
Station transmits on 37.58 mc.
-Way Radio

raises Cumberland Valley 1700 feet

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

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

] /]

tions Specialist call on me.

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
. -~ R

CAMDEN, N. J.

f———————————— e —— — — i— ___________________________________ -1
| Radio Corporation of America | |
| Communications Equipment, Dept. 132W | |
I Name Title
|  Building 15-1, Camden, New Jersey i & S— : )
| 0 . . 1 |
Please send me information on |

: RCA 2-Way Radio. : O UY —Address - {
| [ Please have an RCA Communica- : City_ B B Zone State I
| : |
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The heart of Philco Microwave is this “"Power
House” klystron ... with it Philco has the high-
est equipment power output in the 6000-7500 mc
band...generating a full watt of output power it
provides Philco Microwave systems with a reli-
ability safety margin of 30 decibels (1000 to 1) . ..
greater aszurance of performance under any and
all field conditions.

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

QV PHILCO MICR

POWER HOUSE

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 Write to Department CE

PHILCO corporaTiON

GOVERNMENT & INDUSTRIAL DIVISION - PHILADELPHIA 44, PA.
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The NEW AL
/DG-AC CONVERTER
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Delivers MORE Powet
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. Unequalied capacity for
operating professional recording, sound
movie equipment and large screen TV re-
ceivers. Available with or without manual
frequency control feature.

-

HOW LEADING NETWORKS
USE CARTER CONVERTERS

Photo shows Tommy Bartlett, star of NBC

“Welcome Travellers” program, aboard
N.Y.C. R.R. “Twilight Limited.” His Carter
“pustom" Converter makes recor ing 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

73@F MOTOR CO.

2641 N. Maplewood Ave
Chicago 47

Carter Motor Co. *——
2641 N. Maplewood Ave., Chicago 47
Please send new catalogs containing com-
plete information on Carter **‘Custom’’ Con-
verters and other Rotary Power Supplies.
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SYSTEMS DATA

HIS issue’s reporting period for new

communication  applications  filed
{ with the FCC covers only from Septem-
ber 1 to October 16, beeause of the ad-
vance in CoaarurNicaTioNn EXGINEERING's
publication date.  Even so, the total 30
to 50 and 152 to 17t-mec. 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
hase, mobile, and portable equipments
applied for in 30 to 50-me. and 152 to
17+me. bands, that did not decrease
| from those for the July-August period
were for police, special industrial, and
MCC.

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

Base and mobile units in the +30-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-
plications is given in the following para-
graphs:

Porice: 46 speedmeters on 2435 me.:
7 interzone CW transmitters on 2 to 7

TABLE

TOTAL TOTAL

MOBILE BASE

Police 1.533 127

| Fire o 297 40
| Special Emergency ... 139 51
Iighway Maintenance .. 200 13
Forestry Conservation .. 30 29
Power Utility .o 368 54
Pipeline Petrolenm ... 318 T
Special Industrial ... 1716 176
Low-Power Industrial .. — —
Relay Press ... — 2
Motion  DPicture: — —
Forest Products .. 0 }
Taxicabs 1007 99
Railroads 33 33
Highway Trucks 378 13
Intercity Buses ... — —
Transit Utilities ... — 2
Auto Emergeney ... 85 10

| Radio Paging ............... — 8
Common Carrier ............ +i5 2
Misc. Common Carrier 620 13
TOTALS 759

CoMMmuUNICcATION KNGINEERING

me.: 2 relays on 75 me.. 1 on 157 me., and
3 oon B30 mes 2 control transmitters on
T me. bon 160 me, and 1 on 135 me.
Fire: 1 relay on 160 me., 3 on £33 mc.,
and 1 on 960 me.; 8 control transmitters
on 139 me. and 1 on 937 me.
Hicuway MAaNTENANCE:
meters on 2,855 me.; 80 mobile units and
b base stations on 457 me.; 2 relays on

12 speed-

73 me., 2 on B3 F me.s
2 control transmitters on 73 me. and ?
on 935 me.

Forestry CoxsgrvarionN: 2

on 158 me., and 2

relays on
137 me.

Power Uriniry: 2 relays on 75 me.. 3
on k50 me., and Fon 1,875 mc.; 1 con-
Urol transmitter on 75 me. and + on 456
me.: 3 op. fixed transmitters on 950 me.
and 17 on 1,900 me.

Preerise Perroreva: 21 fixed and 10
mobile transmitters on 1 to + me: 2 re-
lays on 455 me.; 12 op. fixed transmitters
on 1,870 me. and 2 on 6.600 me,

Seecial INpvsTiian: 100 mobile units
and 3 base stations on 36 me; F7omo-
bile units and 3 base stations on 2 to 4
me.: 20 mobile units and 3 base stations
on 27 me.: 2 relays on TF me. and 2 on
153 me.: 3 control transmitters on 72 me.

Reray Press: 2 relays and 1 control
{ransmitter on 162 me.

IForksr 100
and 2 base stations on 29 me.

Traxsrr Urinrries: 1 relay and 1 con-
trol transmilter.

PProniers: mobile units

OF APPLICATIONS FILED SEPTEMBER 1 TO OCTOBER 16, 1953

TOTAL 30 to 50 mc. 182 to 174 me
PORT. MOBILE BASE PORT. MOBILE BASE  PORT
36 850 78 16 683 19 20
15 317 206 — 220 1t 15
— 112 41 29 T —
— 100 11 — 100 23 —
— 30 16 — 1 —
6 253 35 — 115 7 6
— 300 70 - 18 b -
123 1,271 118 53 LD 28 il
250 — - 33 — 2R3
- I . — - D
— 5 3 — — 1 —
— — — —  Lo07 99 —
— — —_ 735 33 —
378 a3 — — — —
— f— 4 — —_— — -—
— 85 10 — S ——
. — 8 — - -
e - 4 2 —
== - —  — 60 18 —
Bi6 3831 ISE 102 4k 275 334

November-December, 1953



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

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

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

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

formerly FM-TV Rapio COMMUNICATION

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

Final Three RF Stages

2 EIMAC
4E27 A’s

2 EIMAC

EIMAC _q
— —
4-400A’s 3X2500F3

INC.

California

EITEL-McCULLOUGH,

San Bruno,



24 HOUR
DELIVERY
FROM STOCK!

RELAYS

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

Telephone, wire or write
for quotations.

NEW AND MORE ‘,/ S
COMPREHENSIVE | d

1953 &
RELAY SALES / ‘&%

-

{ ]

1953 Car,
[ w2 faad e
CATALOG [ fa ST

NOW READY

Be sure to send
for your copy

Telephone

SEecley 8-4146

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

PRODUCT INFORMATION

Converter Catalog: Listing the manufac-
turer’s entire line of DC to AC converters,
catalog 338 gives complete electrical and me-
chanieal specifications as well as performance
charts. The 20 pages are punched to fit stand-
ard loose-leal binders. Copies can be ob-
tained direct from Carter Motor Company,
Dept. 26, 2641 N. Maplewood Avenue, Chi-
cago 47, Tl

Tone Modulator: Long-distance telemeter-
ing on audio subearriers is facilitated by the
TMU-1 tone modulator unit.
device, it

Essentially an

ahsorption-type modulates any

fixed-frequency  tone input by AC voltage
from a frequency or impulse-type telemeter
transmitter.  Thus. low-frequeney FM tele-
meter signals are superimposed on an AF
carrier.  Unit is built on a 3%e-inch standard
rack  panel.  Hammarlund  Manufacturing
Company, Inc., 160 W. 34th Street, New
York 1, N. Y.

Photoelectrie Control: Emphasizing low
cost and dependability, a recent announce-
ment deseribes 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 G0-watt unils for operation in the 25 to
50-me. band, and 50-watt units for the 152
to 174-me. band. Three types for floor, desk.
and pole-mounting are provided for each fre-
quency range.  Mobile combinations include
two 10-watt, 30-watt, and 50-watt units. One
of the 10-watt equipments is designed for
front-mounting.  All 152 to 174-me. band sta-
tion and mobile units can be converted to
split-channel operation; 20 or 40-ke. channel
widths are available in 25 to 30-me. station
units.  Inquiry Section, GE Electronics Divis-
sion. Flectronics Park, Syracuse, N. Y.

Redesigned Q-Meter: Type 260-A Q-meter,
replacing type 160-A, covers 30 ke. to 50 me.

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

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

Miniature Microphones: The MC series of
magnetic microphones is said to be small,
rugged, and immune to heat and humidity
extremes. Measuring only 1 in. in diameter
and 3% in. thick, these controlled-reluctance
microphones are available with or without
mu-metal shield. Detailed technical informa-
tion can be obtained from Sales Division.
Shure Brothers, Inc.. 225 W. Huron Street,
Chicago 10, Tl

12-Channel Carrier System: Deliveries of
15A carrier telephone systems, which provide
up to 12 carrier-derived voice channels on an
open-wire line, are now being made.

They

can be installed on lines already equipped
with systems using frequencies up to 35 ke,
and coordinate with systems such as Western
Electric type J and Lenkurt type 42C. Equip-
ment is miniatured and utilizes interchange-
able plug-in units; complete system occupies
31'% 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-
hurt Electric Company, Inc.. San Carlos,
Calif.

Continued on page 7
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NEW PRODUCTS

(Continued from page 6)
Squipment Knobs: A new line of hand-
machined and engraved dural knobs for elec-
trical equipment provides grounded controls
which  harmonize  with  any  well-designed
equipment.  Backs are recessed, sides are &

fluted. faces are machine-finished; screw-type
mounting is employed for standard round or SI N G LE -Sl D E BA N D R Ec E IVE Rs
hall-round  %-in. shafts.  Diameters from 1 / »

to 2% ins. Pacific Transducer Corp.. 11921

W. Pico Boulevard, Los Angeles 63, Calif.

Control Catalog: Models 1 and 2 variable

Now! Lower Cost for
Rt e a8 Long Range Communication Units

units rated at 1/10 watl, available with or

without SPST line switch in low and high-

torque talings, from 300 ohms to 10 meg- .

obms m 7 standard tapers. Model 2 is a We at Crosby Laboratories have
standard Tu-watll control. available from 250 worked constantly to improve

ﬂ]!l]l.\' o 10 III(‘L’U'IH.]S in 1t .\'!Hll(l.ill‘ll tapers, lOl’lg range e,
with or withont switch, and in single. twin, N
aed dual concentrie shalt styles. Catalog is One of these efforts has been di-
obtainable from  Centralab, 900 E. Keele rected to the development of

Avenue. Dept. J-39. Milwaukee 1, Wis, single-sideband receivers. Today

Power Plant Book: A new packet-size book- the many advantages of single-
let describes the three general groups of en- sideband receiving techniques

gine-driven electrie plants: AC, DC. - :
gine-driven electrie plants: AC, DC.and bat 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.

tery -charging. Plant operation for cach is dis- A A

cussed.  Gasoline, diesel. and  gas  engine

drivers are also compared in first cost, in- 5 Ml . . . .
stallation. and  maintenance expenses, anul Chief contribution to the lower cost and simplification is the use
the advantages of each for specific types of of revolutionary filters developed by Burnell & Company ... filters
installation are given.  Copies of the Blue consisting of temperature compensated and stabilized molybdenum
Book are available from D W, Onan & Sons, . 2 " .
T, Minneipolix, M, 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.

New Type of Sereened Room: Bulletin 5
deseribes a series of sereen-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
111 db; meets MIL-S-1957 specification. Ace
Engineering & Machine Company. 3644 Law-
rence Street, Philadelphia 40, Pa.

The Burnell filter package
comprises:

The 25kc carrier filter

The lower sideband filter
Steatite-Cased Capacitors: The Budroe line
of paper tubular capacitors has steatile cera-
mie casing and Polykane end seals, was devel-
oped specifically for high-temperature and/or
high-humidity applications. Capacily range is
0005 1o 1 mfd. at 200 to 1600 VDCW. Those
rated up to 400 VDCOW are also rated for
—1407 to +90° . above this working volt-
age lemperature rating is =557 to+lo0” C,
All are guaranteed to withstand 250 hours
operation at 95% RH and 440" C. Further
information is given in bulletin NB154, avail-
able from Industrial Division, Cornell-Dubilier
Eleetriec Corp.. 833 Hamilton  Boulevard.
South Plainfield. N. J.

The upper sideband filter

1.

2.

3.

4. The bridging or “roofing"” filter

5. The discriminator filter—AFC circuit
6.

The demodulation filter

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

AT D * w2

CROSBY LABORATORIES, INC.
Rase-Station Accessories: Three new uni- Box 233, Hicksville, New York
directional base-station microphones, employ-

Continued on poge 10 = R AR R AT s ¢ - Sy
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the most widely used
Electronic Supply
Guide

FREE senD for 1T

COMPLETE 268-PAGE

1954 CATALOG

World’s largest stocks of
ELECTRONIC SUPPLIES
FOR INDUSTRY

Simplify and speed your
purchasing of electronic
supplies and equipment. Send
your orders to us for quick
shipment from the world’s
largest stocks of special-
purpose electron tubes, test
Instruments, audio equipment,
electronic parts (transformers,
capacitors, controls, etc.).

Our expert Industrial supply
service saves you time, effort
and money. Send today for
your Free ALLIED Catalog—
the complete, up-to-date guide
to the world’s largest stocks
of Electronic Supplies for
Industrial use.

one complete
dependable source
for everything

in electronics

-~

ALLIED RADIO
100 N. Western Ave., Dep?. 20-1-3
Chicago 80, lllinois
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THIS MONTH'S COVER

This microwave station on the Am-
erican Bank Building in New Orleans
is one of 8 in the communication sys-
tem of the Freeport Sulphur Com-
pany. The 6.700-me. svstem 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-
seription will appear in a forthcoming
issue.

((0
5/7) ety
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COMPANIES & PEOPLE

Robert E. Lee: Coming as a surprise
to most observers. the appointment of
FCC for a

was made October 6.

Commissioner Lee to the
seven-year term
This appointment brings the FCC up to
full strength, comprised of four Republi-
canx and two Democrats, and one Inde-
pendent. Only t1. Lee was born in Chi-
cago and carned a degree in accounting
from De Paul University. He received
training in law at Chicago College of
Commeree & Law, and worked at audit-
g until 1938 when he joined the FBI.
Rising rapidly in that ageney, he went
from financial investigator to chief clerk
in charge of fiscal matters. In 1917, he
resigned to head up survey and investiga-
tion for the House Appropriations Com-
married

mittee. Commissioner Lee s

and has three children.

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

Virgil M. Graham: Elceted viee presi-
dent and member of the Executive Com-
mittee of the U.S. National Committee on
the International Electrotechnical Com-
mission.  The TEC, of which the ASA is
the American parent body. is an interna-
tional standardizing organization in the
eleetrical and eleetronie fields. Mr. Gra-
ham is director of technical relations for
Svlvania Electrie Products, Ine., and has
been active in standardization work for
30 years.

Edward J. Nally: Died September 22 at
his home in Bronxville, N. Y., at the
age of 9+ Mr. Nally was the first
president of RCA| serving in that eapac-
ity from 1919 until 1923, He continued

on the RCA board until 1950, Beginning
his  communications carcer with the
Western Union Telegraph Company in
18735, he was appolinted assistant general
superintendent of the Western Division.
Postal-Telegraph - Cable  Company, in
1890. He became first viee pres:dent and
general manager in 1906, In 1913 My,
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 23,
000-ft. wing of the Chester Cable Corp..
Chester, N. Y., is scheduled for full pro-
duction Nov. 1. Wire and cable for in-
dustrial ana military applications will be
produeed there.

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

Continued on page 9

MEETINGS and EVENTS

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

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

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

APRIL 24,
CINCINNATI SECTION IRE CONFERENCE
Cincinnati, Ohio

Comarextcatrion Excineerine November-December, 1953



COMPANIES & PEOPLE
(Continued from page 8)

ing: and Clair C. Lasher, manager of
manufacturing.

Telephone Equipment Firm: Tele-
com, Ing. 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 R AR s e IEHCY MOCULATICN WMONITOR
president of the new company. R s

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 5. Perry has as-

sumed the presideney of Federal. — from

25 to 174 megacycles with the NEW Browning MD-33
Southern Electric Sold: All assets of
Southern Electriec & “Pransmission Com- The MD-33 Frequency Modulation Monitor is a completely

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 The unique peak-flasher circuit permits the operator to select
larger company. Since Stromberg has
been distributing wire carrier equipment

new instrument, for precision performance in eritical work.
No plug-in units of any kind are required.

either of two pre-set values for flasher indication of transient

made by Southern, the move is expected overmodulation, adjustable to 20 ke.
l()tlll('ll‘.(‘illst' hoth manufacturing and sales Remember: the best costs less—in the long run.
potential.

Dr. George M. Anderson: Appointed
head of the engineering development
group at Edison Laboratory, Thomas A.

Edison, Inc. He did undergraduate and o 070G
. . e N , / m |
graduate work at Carnegie Tech and was Sensz.twuy . - - better than 1 mv to 140 mc,

| Coverage . . . 25 to 171 megacycles, con-

f

|

[

|
assistant professor of electrical engineer- l and better than 2 mv to 174 mec.

tinuous, in two bands.

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

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

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

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

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 ' Phone jack ... on front panel.
program that will permit the Company | . . .
to double its production of variable ‘ Drift . . . obviated by AFC applied to local
capacitors, auto radio tuners, and UHF oscillator.

tuners. l

Dr. Adair Morrison: Named head of . . . .
the research section, Sprague Electric For detailed information, write for data sheet
Company Research and Engineering
Dept. He received degrees from Can-
ada’s University of Saskatchewan and ENGINEERED [ B R o w N I N G

McGill University, and worked with the FOR L .

. b X aboratories, Inc.
National Research Council of Canada ENGINEERS 4
and Arthur D. Little, Inc. In his new

Continued on page 14
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NEW PRODUCTS

Continued from page 7

) ng smaller and more sensitive cartridges tha
previous models, have spring-suspended mos
ing-coil units to eliminate shock noises. Two
models. the TUL31 and TULS52, are desk-stand

mounted and are identical except for micro
phone connectors. The TULHY is mounted in
« movable floating arm by means of which the
nike can be positioned anywhere within a
3-ft. range of its base.  Serewdriver adjust
ment provides selection of low, medium, or
high output impedance. Communications and
Electronies  Division, Motorola,  Tne. 15145

o West Augusta Blvd., Chieago 51, 111
Continunous VSWR Meter: Model 110A X
- band VSWR indicator provides for continuous

measurement thronghout the range from 8,500
to 9.600 me. on waveguide components, with
scales from 1.06 to 2.5, Equipment includes
oscillator, wavemeter, forward and reversed
directional coupler with bolometer take-offs
for source and reflected power, and a direct
rending ratiometer.  Overall accuracy is with
n 276 simplicity of measurement makes the

ne a high quality
ro‘]" d r 1 T vt useful for production go-no go  tests
Color Television, Ine. 1008 F. San Carlos

h IOV\' ‘ cost Avenne, San Carlos. Calif

Subminiature Resistor: Type 1101 resistor
is Ty .o diameter and 13732 in. long, can
be wound in values up to 175000 ohms. Re
sistance tolerances to 1% are available
with power ratings of .1 watt. Tmpregnation
for temperature  and  humidity  resistance
Dept. SR The Daven Company. 191 Central
\venue, Newark 1, N J

Both of these units are invaluable as
additional receivers for separate frequency
channel monitoring to supplement 2-way radio
communications systems. They are ideal
as monitors of 2-way systems in mobile units
not requiring a transmitter. Perfect for
dispatching service cars, ambulances, trucks, Miniature Ball Bearings: A very handsome
buses, salesmen, civil defense personnel, special )-page booklet offers the latest design and
investigators, special police, volunteer application data on miniature ball bearings
firemen, fire truck units, taxicabs; for alerting Technical data, supplemented by drawings,
industrial power and public utilities, forestry araphs, tables, and photographs are given for
and railroad personnel, or use as a hall bearings ranging from .1 to 375 . OD,
Walkie-Talkie monitor. They can be used as wrell as radial, angular contact, pivot, and
for intercom between vehicles on two thrust bearings.  Copies can be obtained from
frequency systems. These are only a few of Miniature Precision Bearings, Ine, Keene
the uses that are limited only by the N H
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, N
write for form 22. Holly wood, Calif

Audio Mixer Controls: A new line of vari
able attenuators includes ladder, T, W, L. and
polentiometer configurations up to 32 steps
Resistive elements are non-inductive, wire
wound and hermetieally sealed. Temperature
range s elaimed to be 0 to 100" C.. and
humudity tolerance up to 957 Bulletin A-2
available on request 1o Hyeor Sales Com
pany of Calif. 10023 Vanowen Street. North

Su181142p0 UMO4Q LOLANG

Wire-Wrapping  Gadgets: Suitable for
siranded or solid wire, a4 new line o ware
wrapping tools expedites making neat. fast
turns of one or more wares around termuna

Continued on page 11



NEW PRODUCTS

(Continued from page 10}

i preparation for soldering. Models for small,
medium. and large terminals are obtamable.
Contact, Inc.. 288 Main Street. Cambridge.
Mass.

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

.m:.

110 BCMC
(" ]
=k
No eCP

panel of any equipment so that critical volt-
ages can be monitored quickly and as often
as desired. Two models are available, as
shown: ene simply pushes into 847 hole and
locking tabs spring into position.  Other has
momnting plate that can be fastened with
spot welds, evelets, or rivets. Alden Products
Company. 117 North Main Street. Brockton
64, Miss.

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-
quire only ta in. behind panel: lens is 27/64
in. long for maximum side visibility. Weiaht
is about 5 oz Unit employs standard AN-
3140 lawp.  Hetherington, Inc.. Sharon Hill,
Pa.

Hermetieally-Scaled Relays: Union ty pe
M GPDT relayvs are said to be the smallest
and hightest available.  Weight is 81, ozs.,
and volume is 115 cuins. Designed to meet
MIEL-R-5757 A and B specificutions, it has a
winimun life expectaney of 1 million opera-
tions,  Standard conlact ratings are 2 am-
peres at 265 VDO for 100000 operations:
these and other ratings can be varied on spe-
cial order.  Various mountings are available
Union ®witeh & Signal Division, Westing
house Air Brake Company. Dept. 67, 1789
1807 Braddock Avenue, Pittsburgh 18, Penn-
sy hvania,

New Banana Plugs: Type FNT banana
plugs. shown here. are sty led for easy aripping
and versatility,  Units are molded of mica
filled bakelite: contacts and serews are nickel-
plated brass,  Leads can be brought in direct
Iy at base or through hole at hottem. Specit

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

Continued on page 12

an Amphenol
guide to

A N CONNECTORS -~ AMPHENOL is the leading
manufacturer of approved A N connectors. These
have many features unique with AMPHENOL. in-
cduding gold-plated contacts, and many feat.res
now standard in government specifications thct
were initioted by AMPHENOL, such os machined
coupling rings and dielectric material, 1-501.

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

COAXIAL CABLES — Quality control makes the
difference in AMPHENOL coaxial cables. Marufoc-
tured to tha closest tolerances and insoected curing
every phase of this manufacturing, AMPHENOL
coasiul cables are availlable with many difsrent
types of dielectrics and jackets — premium mate-
ricls help aswure quality performance.

SPECIAL CONNECTORS — Many cconnectors are
made by AMPHENOL to assist manutacturers 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.




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.

Critical voltages can-
not be positively

isolated. -V, . Cannot jump contacts to
s test Connector
~
\\

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

Leads lack ready
identification.

“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 afhix information
symbols.

"-4‘ Possible to jump con-
= tacts because both sides

ey

All leads are instantly

accessible, identified by

9 number and color-
coding.

Critical Voltages
isolated by wide
spacing.

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

leakage and other flashovers. Don’t need special

insulation or expert soldering techniques. Built
rugged to compensate for wide sheet metal
tolerances.

FOR ANY CHASSIS, it’s as simple asTHIS —

Take these Standard
Alden Components —

an orderly row, giving a cen-
tral point of check.

Arrange them
like this —

Arrange Alden Side
Rails (1) and Alden
Lock Frame (2) to suit
your chassis. Alden
Serve-A-Unit Locks

Alden Back

Connectors
-
-
~e

. (3) mount in your
\ ~ chassis to engage pre-
0 \ unﬁheg holesin Alden
.y rame (2) to

Alden & T ilot, draw in
Serve-A-Unit Locks -y i Ir:x-k or ej 5
ject. Ar-

any length — L , range Alden Back

Connectors (4)
in orderly row
on Alden Lock
Frame. Mount
mating Alden
Back Connectors
on Your Chassis.

Lock Frame
Alden Slide Rails

Any length

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

SEND FOR FREE SAMPLES OF
ALDEN BACK CONNECTORS

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

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

Hioen Propucrs Co.
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NEW PRODUCTS

tContinued from page 11)

High-K  Ceramies: K-Lok  ceramie disc
capacitors combine high capacitance with sub
stantial stability under environmental ex
tremes. Capacity is constant, relative to 25°
C. value, within £ 5% from —35 to 4+ 105°
C. and +5, —10% from —35 to 125° C
Available i 4 styles with range of 220 to
4500 mmf. Rated at 1.000 VDCW at 85° C,,
and 500 VDCW at 125° C.; 10.000 megohms
minimum  insulation  resistance.  Samples
available on request to Erie Resistor Corp.,
Erie, Pa.

Wide-Range AC VTVM: Model 1080
VTVM has a useful frequency range of 7 to
250.000 cyeles. Sensitivity is high, and input
capacity is low; thus, the instrument is suit-
able for low-frequency vibration studies, fre-
quency and gain measurements on amplifiers,
transmission loss and other measurements on
filters and carrier systems, and standard main-
tenance work. Weight is 12 Ibs., dimensions
1% by 5% by 97¢ ins.  Further details on
specifications and prices available on request
to Freed Transformer Company, 1718 Weir-
field Street, Brooklyn (Ridgewood) 27, N. Y

Waveguide Attenuator: A new type of
waveguide attennator, Motel X382\, furnishes
direct readings from zero to 30 db with accu

racy of + 2%. No imterpolation or charts are

requitedt. Fregueney range is X-band. from
K200 to 12,4000 me; VSWR dess than 115
throughout range.  Power ean be fed to either
end of attenuator Hewlett-Packard Com
pany. 305 Page Mill Road. Palo Alto, Calif

Taper Connectors: A brochure now avail-
able gives facts and deseriptions on twao types
of self-locking taper connectors for individual
wires,  Round and flat taper pins. tabs, and
receplacles are specified. and high-speed auto
matic wire lerminators are described.  Air
craft-Marine  Products. Ine., 2100 Paxton
Street, Harrisburg, Pa

Miniature Magnetie Amplifier: An iuput
signal of 2 microampere is suflicient to pro-
duce a usable DC output from model M-21
high-gain magnetiec amplifier.  Gain is linear
with eurrent, at a value of 200, Cost is sad
to be very low, about 1/3 thal of equivalent
types, amd size is only 24 by 2% by 3 ins.
For low-level applications only, with inputs
ranging from .2 to 30 microamperes.  Rubis-
sow Electronie Researely Laboratories. 119 W,
63rd Street. New York 23, NOY.

Telemetering Booklet: Bulletin B226 de-
seribes 1 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
ing specifieations.  Available from The Bris
tol Company. Waterbury 20, Conn

Super-Sensitive Relays: The S8 series of
Continued on page 13
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NEW PRODUCTS

(Continwed from page 12)

refays operates on 10 milliwatts or less, resists
a 10-G vibeation, and is available in open or
hermetically-sealed style. Contaets are silver,
SPDT. and rated at 2 amperes, 28 VDC or
113 VAC.,  Maximum sensitivity, one to two
milliwatts.  Potter and Brumfield. Princeton,

Ind.

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

maximum seabe length with minimum  panel
area.  Ammeters, voltmeters, VU, db, and
other meter types can be oblained in zero-
center, left, and right-hand models.  Complete
information can be obtained from Interna-
tional Instruments, Inc.. P. O, Box 2054,
New Haven 15, Conn.

UHF 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 VHE types. A
wide range of values is available. Information
can be obtained from the Tri-Point Mfg. &
Development Company. 401 Grand Street,
Brooklyn, N. Y.

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

oralories. Tne., Box 258, Hicksville, Long Is-

land, N. Y.

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

Concluded on page 37

ALWAYS AN
EXCELLENT
PERFORMER —

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

ALSO AVAILABLE AS FIXED STATION CONSOLES

Write Now For Further Details

LINK RADIO CORPORATION

125 West 17th Street

formerly FM-TV Ranio CoMMUNICATION

—NOW STILL
FURTHER
IMPROVED!

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

LENKURT “STACKABLE™ CARRIER EQUIPMENT PERMITS
ORDERLY EXPANSION OF TELEPHONE SYSTEMS

A telephone carrier system
that helps keep pace with the growth
of America's ccmmunities and towns is one
achievement of lenkurt Electric, the nation's largest
incependent manufacturer of teiephone carrier equip-
ment. Just as one lane roads must grow to two lane and
multi-lane highways, so telephone systems must grow to raeet
their troffic 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 "stackable" carrier is an erderly “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 ore, tenkurt “'siackable™ 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 odded one at a time.

Unlike previous systems suitable primarily for very long circuits,
Lenkurt's *'stackable" carrier is ecocnomical on the shorter toll
circuits which comprise the bulk of all telephone networks.
Now used on thousands of telephone lines throughout
the world, “'stackable” carrier systems are one
example of lenkurt's contributions to
the communications industry.

LENKURT ELECTRIC CO.

SAN CARLOS 1, CALIFORNIA

COMPANIES & PEOPLE
(Continued from page 9)

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

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

Transistor Book: Said to be the first
hook-length treatment of transistors,
Principles of Transistor Circuits (John
Wiley & Sons) is the work of nine engi-
neers at General Electric’s Syracuse elee-
tronics laboratory. Basic theory and ap-
plication information is given in 533
pages. The book is arranged to cover
three main categories:  low-frequency,
high-frequency, and  large-signal  non-
lincar operation. A significant contribu-
tion to transistor literature.

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

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

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

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

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

Concluded on page 15
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Professional Directory

Jandl’y &'[)?ai/éy, jnc.

Consulting
Radio & Electronic Engineers

Suite 970 National Press Bldg.
Washington 4, D, C. ME 8-541)

Engineering Building
1339 Wisconsin Ave., N.W.

Washington 7, D. C, AD 4-2414

WELDON & CARR

Consulting
Radio & Television
Engineers

Dallas, Texas
4212 So. Buckner Blvd.

Washington, D. C.
1605 Connecticut Ave.

JOHN D. TRILSCH CO.

TOWERS for

RADIO ® TELEVISION
COMMUNICATION

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

W SINCE
Houywood 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

*x * %K

1422 F Street, N.W., Wash. 4, D. C.
Kellogg 3984

Ruild:: R, bi;
9 P

Member AFCCE

WORKSHOP
ASSOCIATES
DIVISION

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. DPre-
vious order (£3 million) for the equip-
ment, operating on 2 to 30 mec., 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 hst
all communication systems operated by
taxicab, railroad, highway truck, inter-
city bus, transit utility, and auto emer-
geney companies.  Each system is listed
alphabetically by state and eity, 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, Radiocom,
Ince.. The Publishing House, Great Bar-
rington, Mass.

Jack Colvin: Appointed director of en-
gineering for Gates Radio Company. Mr,
Colvin, formerly with Commercial Radio
Company of New York. the American
Broadeasting Company. and RCA. re-
places Fred O. Grimwood 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 coils, sub-
assemblies.  F. Gordon Schermerhorn,
formerly manager of Speer’s resistor di-

resistors, and

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.

formerly FM-TV Rabio ComyuNicarion

|

Professional Directory

KEAR & KENNEDY

Consulting Radio Engineers

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

GEORGE P. ADAIR

Consulting Engineers

Radio. Communications, Electronics

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

un'enna,//specialisis

MANUFACTURERS OF//IADIO COMMUNICATIONS ANTENNAS

12415 EUCLID AVENUE
CLEVELAND 6, OHIO
RaAndowh 1.9575

General Electric
TWO WAY RADIO

e Systems Engineering
e Installation
e Contract Maintenance

Communications Engineering Co.

900 Dragon St. 6422 long Dr,
Dallas, Tex. Houston, Tex.
PR 7508 OL 8507

MEASUREMENTS

CORPORATION

Research &
,I\ y

anu acturing
Harry W. Houck

John M. van Beuren
Specialists_in the Design and
Development of Electronic Test Instruments
BOONTON, N. J.

ngineers
Jerry B. Minter

FRANK H. McINTOSH

Consulting Radio Engineer

1216 Wyatt Bldg., Washington 5, D. C.
MEtropoliton 8-4477
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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 achicved Pye lead the world
in quality and design of radio, television

and telecommunications equipment.

TELEVISION
CAMERAS

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

MULTI-WAVEBAND
RADIO RECEIVER

INFRARED
SPECTROMETER
UNDERWATER pH METER AND
TELEVISION MILLIVOLTMETER
CAMERA

NS

P Y E LI MITETD Qﬁ C A MBRIDGE : ENGLAND
’d
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Gain Antennas for 450 Mc.

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

HE use of gain antennas at base stations, while recognized

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

A typical problem is the operation of several base-station
arrays from the same support, perhaps a wood telephone pole.
The pole itself does not represent a serious shadowing member
but the coaxial feed cable to the top units, which pass in prox-
imity to the lower antenna, must be considered. Data given
here was taken in an effort 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 (-3155, a 3-element colinear
array employing extended spacing between elements and de-
livering + db gain over a half-wave dipole, when mounted in
the clear!. The measurements hold. in general, for the higher-
gain base-station array such as the Mark C-7455, a T-clement
unit; the Workshop 6-HW: and the Andrew 4000. Fig. 1A
shows the measured vertical radiation pattern of the C-3155 at
460 me. The total beam width is 28° when mounted in the
clear. Fig. 1B is the measured horizontal pattern and, in ef-
fect, provides a calibration for the measurement setup. Since
the array has good symmetry. the total variation in the hori-
zontal pattern is less than .5 db; this pattern can be employed
as a basis of comparison.

In order to study the effeets 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

*Chicf Enuineer, Mark Products Company, 1547-49 Montrose Avenue, Chi-
cago 18, 1lL.

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

, Fz480MC.

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

radiating aperture. Two sizes of pipe were used. A V4-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 23g-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 Y5-in.
reflector and the 234-in. reflector is varied from about .2 wave-
length through 2.0 wavelength. At .2 wavelength the pattern
is decidedly unidirectional: the front-to-back variation is 7 db
with the smaller tube, and about 10 db with the larger. As

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

925.2°20.2 A oDB $27.6°33) 0DB
d=v2a~ de V2%

A o
_ S
paiC
d{}-
Sud.2%u.2) 008
de2 V8"

formerly FM-TV Rapio CoMMUNICATION

3:18.2%.7) 008
dmis2~ d=12%

Se137a .82 o8
_— I" -

< B L2 B
a- af k-

Se1l¥e 8 N\ ‘60‘ $218.2%= TN Q08
de2aee dr23mY ! —

17



Se23.4%9 9

oo8 S=27.5%a 1A 008
dw /2%

as /2%

o
£ pC o

822347200 ‘—.i);D! $a27.5% 10 ‘—l tu

d=2 38" 1 d=2 /8~ -

f \

- — —

\ [ /
| ,

FIGS. 2E THROUGH 2H. SAME AS FIGS. 2A-2D. THESE CURVES ARE FOR 12 AND 234.IN.

the spacing is increased the pattern tends first to elongate in
the side directions and then, as S goes beyond about .7 wave-
fengths, 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
case 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-coverage applications are quite
good.  Although the pattern is a distinet 3-lobed figure, the
total variation using the %-in. reflector is only 4 db; with the
234-in. reflector, this incereases to 6.5 db.

With a 39-in. spacing (1.5 wavelength) and the 234-in.
pipe. Fig. 2G, the total variation is 5 db. This amounts to
=+ 2.5 db around the median cirele.  If the median level is as-
sumed to be that of the antenna gain in the clear, and it is
assigned a value of + db above a dipole (for the (-3153), 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 whicli has a free-space gain of
some 7 b, the level in the minima of the pattern with the
antenna mounted 39 ins. from a 234-in. pipe is +.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
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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 dala, the effects of the reflecting
Continued on page 41

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

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

ANUARY 5, 1953 is perhaps one of the most important

dates in the history of the Safety and Special Radio Serv-
ices Bureau of the Federal 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.
more involved than the adoption of a new application form
for the Public Safety. Industrial. and Land Transportation
Radio Services.

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

The Commission is. of course, ever on the alert for more
eflicient 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® proe-
essing has steadily decreased. 1t became imperative, there-
fore. if the Commission was to fulfill its obligation to the publie,
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 Lo process each application, and

There was

2. If possible, reduce the number of applications required
for modifications of existing anthority,

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 anthorized 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 ¢
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 madification of his authorization,
the need for submitting such requests would be eliminated.
Further study of the problem indicated that such a procedure
was entirely feasible, and it was therefore adopted.

Insofar as the Public Safety, Industrial, and Land Trans-
portation Radio services are coneerned, 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 he devoted to applica-
tions for new facilities. Licensces should bhe very careful,
though, when changing equipment to be sure that the new
equipment is in fact on the list.!  Special authority is required
*Safety and Special Radio Services Bureau, Federal Communications Com-
mission, Washington 25, D, C.

1EpiTor’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.

formerly FM-TV Rapio CoMMUNICATION

to operate unlisted equipment. Such authority is listed on the
authorization under “Special Conditions.”

In order to allow for maximum flexibility in interchanging
the equipment, it was necessary for the Commission to au-
thorize the maximum power permitted by the Rules. It should
be noted, however, that the Rule requiring the use of the
minimum power necessary for adequate communications must
still be observed. This is stated in sections 10,106, 11,106 and
16.106, and reads as follows:

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

Applications which are submitted in proper form can be
processed quickly.  Defective applications require additional
time to process ad, 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 ax "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 exaetly the same manner as an applica-
tion for a new station, except that any supplementary material
which is on file with the Commission, and correet at the time
the application is submitted, need not be refiled.

For example. suppose a base station transmitter is located
at 1234 Main Street. and it is desired to move it to 5678 Spring
Street. The new location — 5678 Spring Street. — and the
new geographical 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 hase station transmitter,” should
be stated in Item 16 (b).

Many applicants fail lo show in Item + (a) the name of
the radio service in which they desire to operate.  “1ublie
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-
lion 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

O N 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 area! eleva-
tion for each 200 ft. from the nearest boundary of the landing
area, unless the overall height is less than 20 ft. or the antenna
is mounted on an existing man-made structure or natural for-
mation and does not increase the overall height of the structure
or formation by more than 20 ft.

Processing Policy: All applications 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 airways?® and
designated air traflic control areas,* or ¢) if the antenna struc-

1A landing area is any locality on land or water which is used or approved for use
for the 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,
Pacifie, 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.

3.4Aerial routes and traffic control areas designated by the Administrator of Civil
A‘%ronautics. 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 scction.

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

a) In instrument approach areas,® more than 100 ft. above
the ground or 100 ft. above the elevation of the approach end
of the runway, whichever is higher, within 8 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) zurport and

5An approach surfuce is an imaginary nclmcd 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-

ngrld fr(l)jm the beginning of the approach area at the elevation of the runway, at
th 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
mstrum?t operation extend outward an additional 40,000 ft. The approach area
is located 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-instrumert runways, the approach area has
total widths at the runway and approach et ds, respectively, as follows: express
air carrier service and larger airports, 500 ind 2,500 ft.; trunk line air carrier
service airports, 400 and 2,400 f{t.; feeder air carricr service airports, 300 and

2,300 ft.; secondary airports, 250 and 2,250 fit.

For mstrumem 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.

SThe reference point is a point selected and marked at the approximate"gecometric
center of the airport landing area.

10
N NOTES
& 1. LIGHTS MUST BURN CONTINUO!
CONTROLLED BY A LIGHT- scusmv: Dcwc:
WHICH IS ADJUSTED SO THAT LIGHTS AR
'rulmm ou AND orr AT uonm SKY Llcm' - -
NTENSITY LEVELS OF 3% AND 58 FOOT-CANDLES.

2, BEACONS MUST BE EQUIPPED WITH FLASHING
MECHANISM oPl:aA'rmc 12 7040 TIMES PER
MINUTE WITH PERIOD OF DARKNESS EQUAL

TO V2 PERIOD OF ILLUMINATION.

7 -
-
E.‘S T2
5 s oR

o OBSTRUCTION
g
[N
zJ
?
z I T - zu.cm

SINGLE
54 OBSTRUCTION LIGHTS
S
3 o1 X toara
[’
-t
——o{X}lova—— o]
1 DOUBLE

1 OBSTRUCTION LIGHT
o Al

20 CommunicatioNn ExciNneErine November-December, 1953



increasing in height above ground at the rate of 100 ft. for
each additional mile of distance from the airport (but not to
exceeed 300 ft. above ground).

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

d) The approach surface, horizontal surface,® conical sur-
face.? or transitional surface.!®

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 Pight altitude is that normally established by the
highest point within 5 miles of the center line of the final approach course of the
radio facility used for final let-down, extending for a distance of 10 miles along
this course outward from the radio facility., These altitudes are published in
Instrument Approach and Landing Charts and the Flight Information Manual,
8The horizontal surface is an imaginary plane, circular in shape, 150 ft, above the
established airport clevation 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 it.; continental
airports, 10,000 ft.; express airports, 8,500 ft.; trunk line airports, 7,000 ft.;
feeder airports, 6,000 {t.; smaller airports, 5,000 ft.

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

structures presently existing or authorized are affected by these
criteria.

Painting and Lighting: Antenna structures must be painted
and lighted when they require aeronautical study or when
they exceed 170 ft. above the ground. Where aeronautical
study is not required, painting and lighting specifications given
here will be assigned; these same specifications will usually ap-
ply if aeronautical study is required, although the FCC may
Continued on page 43

in a vertical plane passing through the reference point. Measuring radially out-
ward from the periphery of t he horizontal surface, the conical surface extends
for a horizontal distance of 7,000 ft. for intercontinental and intercontinental
express airports and Dapt. of Defense air bases; 5,000 ft. for continental, express,
trunk line, and feeder airports; and 3,000 ft. for all smaller airports.

19T ransitional 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 pamllel
to and level with the runway. These lines are at horizontal distances from the
runway equal to kalf 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 @ 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—Epitor.

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

*Sponsored by the Navy Bureau of Aeronautics.

Project Tinkertoy was begun in May, 1950, and has
reached the point at which electronic subassemblies can be pro-
duced successfully by mechanical means. The pilot plant,
Fig. 1, is operated by a commercial contractor as part of a
large-scale production evaluation program under the Bureau’s
technical direction. The basic objective of the Bureau of Aero-
nautics in establishing the program was the development of
facilities or 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 clectronic 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.

Lach module, as shown in Fig. 2, consists of some + 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 cireuits 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 manunal 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 Elee-
tronics. Non-critical raw materials are used for the most part.
Ceramic wafers, 7g ins. square by 1/16 in. thick, are produced
directly in quantity from the raw ingredients. Ceramic capaci-
tors are produced in a similar fashion. Another part of the
line produces adhesive tape resistors.

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

FIG. 2, LEFT: CERAMIC WAFER ON WHICH IS MOUNTED THE INDIVIDUAL
CIRCUIT COMPONENTS, AND COMPLETED MODULE CIRCUIT SUBASSEMBLY
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£1G. 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. +. 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-
hility of product and the general characteristies of conven-
tional assembly methods are compatibly combined. At the
same time, produet standardization and uniformity — the pre-
requisites for economical processing by automatic machinery
— are inherent in the system. Interconnection is relatively
simple between any number of modular units. By combining
modular assemblies containing different component parts, cir-
cuits can be developed to amplify signals, generate and shape
waves, scale count, and perform conventional electronie fune-
tions.

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

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
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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 lo establish the inspection pro-
cedure.  Current paths on cach 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 MPE process consists of the
mechanized production of ceramic wafers. titanate capacitors,
and tape resistors, as well as their automatic assembly and
inspection.  In some military equipment a single chassis may
have as many as 100 resistors and 100 capacitors.  Faeilities
of the pilot plant provide for the manufacture of nearly all
these picces from raw materials.

Steatite wafers and tube sockets are processed from tale,
kaolin, and barium titanate.  After thorough mixing, milling,




and drying, the picces are stamped out at about 2,800 per hour
by the machine shown in Fig. 5. They are cured at 2,300
F.in a tunnel kiln. Then, the pieces are 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 1% in. square and
1750 in. thick. Capacity values can be varied from 7 mmf. o
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 heal-resistant ashestos 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 14-watt power dissi-
pation at the operating temperature.

Metallizing is the name given to a series of operations in
which appropriate sections of the wafer or capacitor body are
silver-painted.  During these operations 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 simultancously 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 noteh pressed into each wafer is used initially
during the metaliizing operation. Wafers are loaded into vibra-
tory howl feeders, Fig. 7, which have spiral escape channels. A
series of four exit ports followed by steps are set into the chan-
nels. A small serew is Inserted into each exit port that per-
mits only those wafers to pass on which the key is aligned with
FIG. 6, LEFT: WAFERS ARE PRINTED ON BOTH SIDES IN THIS MACHINE
FIG. 7, 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 chammel 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 ean be seen in Fig. 8.
The appropriate inspection circuit is programmed by a
punched card, which accompanies the particular bateh of
wafers from its initial printing up to its final assembly into a
module. Wafers are loaded into a vibratory feeder which is-

FIG. 9, BELOW: THIS MACHINE BONDS UP TO 4 CAPACITORS ON A WAFER
FIG. 11, RIGHT: PART OF THE MODULE ASSEMBLY SECTION OF MPE PLANT
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sues them to an inspecting device that checks and accepts
those wafers bearing the proper conducting cirenits.

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 Y-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 cireuit on cach surface is tested eleetrically 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 hond. 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. 11, Six vibratory feeders issue the wafers to
a loading device that holds the wafers in an upright position
hetween sets of jaws. A chain drive earries the jig to a solder-
ing position at which six riser wires are guided into appropriate

Continued on page 46




COMMUNICATION ReVIEW

HE Associated Police Communication Ofticers 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 munieipal sys-
tem has already been turned over to Southern Bell.

ON 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 Engineering Society at Columbia University. This
was accompanied by a striking demonstration of reception
from station KE2XCC at Alpine, N. J., and tape recordings
made under test conditions.

While the paper was concerned mainly with FM broadeast-
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 broadeast program.
Since FM transmitters are of substantially higher power than
those used for communication, and have high-gain antennas

'See the extensive discussion of thiz matter in Communication Review,
list 1ssue of COMMUNICATION ENGINEERING,

R

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, sinee it opens up the
possibility of adding two communication channels at each of
some 630 FM transmitters without the slightest interference
with broadeast 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 and paging.

Probably Major Armstrong used two broadeast programs
for demonstration purposes because they provided the most
severe lest of his method of multiplexing, It is a relatively
simple matter to substitute two narrow-band voice channels
for the second 8.000-¢ycle program channel.

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

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

PROPOS FM broadcasting and the FCC, Commissioner
Edward M. Webster said in September, “If the broadeast in-
dustry does not take some steps to inerease the utilization of
the FM frequencies, 1 have no hesitancy in stating that 1|
would have difficulty in finding it in the public interest to retain
all of the 88 to 108-megacycle band for FM broadeasting 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 servie

“The figures, 1 helieve, clearly indicate that efficient usage
of the 88 1o 108-megacyele FM band is not being made by the
Therefore, any radio service which is
not making effitcent use of its available frequencies is. in my
opinion, in a somewhat untenable position with respect to
Justifving its right to retain all the frequencies allocated to it.

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

N,

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

ACC()RI)IN('- 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 ST.\'s, and those specifying equipment not on the
approved list. Currently, $30-mc. applications involve some
delay because they are checked hy the engineering staff.

IN a paper given at the Fall General Meeting of the AIEE
W. M. Runt, Jr. described the petroleum industry’s radio com-
munication problem in eye-opening terms. Difficulties stem
primarily from the fact that +7% 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 traflic 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 and 13 at the Somerset Hotel, Boston, is “Design, Planning.
and Operation of Mobile Communications Systems.”  Chair-
man of this year's meeting is P. R. Kendall. The program
follows:

Firsr Sesstox — Moderator, Beverly Dudley, Chairman Bos-
ton Section, [RE.

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

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

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

LuNncneoN — Keynote address by The Honorable Donald s,
Leonard, Commissioner of Police, Detroit, Mich.

SeEcoxp SesstoN — Moderator, Waldo A. Shipman, Chairman
National PGVC.

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

5) “Mobile Radio System DPerformance in the United
States Forest Service,” by W. S. Claypool, U. 8. Dept. of
Agriculture.

6) “Electronies 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 M. G. Steele,
New England Telephone Company.

Thwmn Sesston — Moderator, Frederick T. Budelman, Past
Chatrman, National PGV,

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

10) “Mobile and Fixed Radio Relay Operation in the

formerly FM-TT Ranio ComyrNicatiox

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.
Fourti SkssioN — Moderator, Robert W. Lewis, Chairman
Boston Chapter. PGVC.

13) Discussion and question period.

Copies of the proceedings will be available from the PGVC.

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

that frequency coordinating committee recommendations may

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

have to be reexamined: that some committees “are taking the
sy 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 frequney available in the area.”

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

Rl‘)l’l{l‘)b‘ ENTATIVES of the petroleum, railroad and
utilitics industries and the RETMA Microwave Seetion 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.

w
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Microwave Multiplex Techniques

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

HE era when a radio communication circuit consisted of a

single-channel point-to-point system came to an end 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 eircuits
for telephony, telegraphy, and telemetering. The demand for
these circuits is constantly increasing. and the communication
engincer 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 2t 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 forcees, where logistic considerations
require a great number of communication circuits with a mini-
mum of equipment.

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

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

equipment. The best-known and oldest method is frequency
division, wherein each voice-frequeney 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.

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

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

menting with vibrating-reed types of cquipment 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 rescarch, the history of frequency division
multiplexing has been closely associated with that of the com-
merecial telephone industry. The Bell Telephone System and
later its Laboratories were responsible for the major develop-
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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 191+ and proved itself in a South
Bend, Indiana to Toledo, Ohio test circuit. This was followed
rapidly by development of standaré 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 circnits 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.
iconomic 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
o 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: Frequencey 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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quired. Single-sideband frequency division systems can supply
a voice channel 3,400 cyeles wide in 4,000 eycles of bandwidth.
This narrow bandwidth permits extensions of frequency divi-
sion systems on cables and open-wire lines without bringing
each channel down to voice frequencies.

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

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

Frequeney division systems differ in the types of signals
they produce.  Some types transmit the carrier and both
sidebands.  In other systems, one sideband is suppressed and
the carrier is transmitted for signaling and synchronization.
In the most common 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
cflicient loading of the radio system or other transmission
medium, It also permits transmission of the sidebands at
a higher level, which results in greater diserimination to noise.

The most significant advantage of single-sideband sys-
tems, however, lies in the cconomy 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-sidecband 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 speetrum 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 subearrier frequencies usually
range from just above the highest frequency in the voice
hand to the practical upper limit of the transmission medium

FIG. 5. FREQUENCY-ATTENUATION CHARACTERISTICS OF MULTIPLEXING CHANNEL FILTERS USED IN TYPE 45A FOUR-CHANNEL CARRIER EQUIPMENT
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FIG. 6. GROUP MODULATION USED IN A 12-CHANNEL SYSTEM

3 VOICE FREQUENCY CHANNEL
B LOWER SIDEBAND CARRIER CHANNEL

Z/

I~
~

7

y

VF CHANNELS

W

r
[N S N Y N o . SR L

- - - B W S W W S—
o 4 a 12 16 20 24 28 100 108 118 124 132

FREQUENCY, KILOCYCLES
(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
cither 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 recciving.
“Four-wire” indicates that one pair is used for transmitting
and a second pair is used for receiving. Radio cirenits, in
telephone terminology, are considered four-wire cirenits 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 of transmission.  Frequeney 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
tukes 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.

directions

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 8,.200-
cycle signal is then applied to a modulator. A number of
different types of modulation and modulators are used in
various carrier systems. In this case, amplitude modulation
employing a 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 sufliciently that it does not affect the system.

Lach  volce-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 45\ single-side-
band. suppressed-carrier system for open-wire lines can be
seen in Fig. 5. While the voice hanelwidth is limited to 3.000
eveles, cach channel carrier is separated by 4 ke. in this illus-
tration.  The difference between the voice frequeney 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 ke, The frequencies between 200 and 8.000 cveles have
two functions in radio maltiplex 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-ke. band with all the

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

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

Lenkurt types 5 and 33C carrier systems are typical of
those system which utilize group modulation to obtain
many channels.  Type #5D equipment. which in one fre-
quency allocation provides as many as 72 channels for radio
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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.
circuit and may be referred to either as an east-west or west-
cast channel, depending on the direction of transmission.
The other half of the ¢ircuit 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 rejeets all frequencies exeept 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 results is sent through
a voice-frequency filter to eliminate the undesired sideband.
The intelligence is then amplified and fed to the hybrid for
transmission on 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 5 equipment, are accurate to one part in a
million.  End-to-end frequencey shift in the 5 system. there-
fore, is less than one cycle.

In telephone terminology, this is a one-way

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 nccessitate the use of a group-modula-
tion process.

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

formerly FM-TV Ravio CommuNicaTioN
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FIG. 8. BANDPASS FILTER CHARACTERISTICS FOR TYPE 45A PREGROUPS.
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SHAPE OF THE CURVE VARIES IN THE DIFFERENT FREQUENCY RANGES

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 2+ ke, The
pregroup containing these four channels is then group-modu-
lated to place it in a standard basegroup containing twelve
channels between 60 and 108 ke.

Each 12-channel basegroup is modulated with one of
five carriers to create a supergroup with a total of 60 channels
between 312 and 552 ke, In the last stage of the 72-channel
allocation, the supergroup is translated to the band from
60 to 300 ke, and one basegroup is translated to the band
from 8 to 36 ke., thus forming 72 channels between 8 and
800 ke. This sequence of translation is in accordance with
international agreements. A diagram illustrating the process
is given in Fig. 7. Attennation-frequeney characteristies of
type 5.\ pregroup and basegroup filters are plotted in Figs.
8 and 9. respeclively.

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

Continued on page 40

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

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

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

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

the 150-me. frequeney range have certain distinet 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 here! was developed
specifically for multi-channel point-to-point or relay applica-
tions in the 150-mec. 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

IManufacturer: Radio FEngineering Lahoratories, Inc., 36-40 37th Street,
Long Island City, 1, N. Y.

me. System deviation is == 30 ke. for 1009 modulation; this
is adjustable on special order. Modulation frequeney response
is = 1 db from .2 to 20 ke., and amplitude distortion is 1%
from .2 to 10 ke, Intermodulation is —46 dbm for A-B test
tones between .2 and 20 ke modulator noise is —60 dbm per
3-ke. interval from .2 to 20 ke., with receiver input more than
65db below 1 watt. Modulation input is —20 dbm, and
modulation output is 0 dbm test tone level. Thus, the system
is suitable for telephone company use, where such operation is
authorized.

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

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

All units are built on standard 19-in. rack panels. The
transmitter modulator and power output panel is 834 ins. high:
the transmitter power supply panel is 1534 ins. high, and the
receiver panel is 12Y; ins. high. These units fit in an open-
front cabinet with a rear door. Overall dimensions of the
cabinet are 4234 ins. high by 2314 ins. wide by 19 ins. deep.

FIGS. 4 AND 5. TOP AND BOTTOM OF THE 755C TRANSMITTER CHASSIS
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Receiver: Front and rear views of the receiver chassis are
given in Figs. 1 and 2. The circuit is a double-1F single-fre-
quency erystal-controlled superheterodyne, as the diagram in
Fig. 8 shows. Threshold signal is 185 db below 1 watt, or
about 1.6 microvolts. A 6BK7 used in a NODAN (Noise
Operated Device Anti-Noise) circuit furnishes an alarm signal
when the input signal drops helow a given value.
Input impedance is 50 ohms: output is 600 or 150 ohms.

Transmitter: Four 12\T7’s are employed in a Serrasoid
phase-shift modulator.  Oscillator multiplication is 186, so
that the original oscillator frequeney is about 330 ke, Because
such a low frequency is used, the peak deviation capability
of the transmitter is 120 ke., and when it is limited to 50 ke.
or less the distortion is negligible.

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

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

Concluded on page 6

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

formerly FM-T'V Rapio COMMUNICATION
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RANGE IN ALL PARAMETERS FOR TUNED CIRCUITS

HIS nomograph represents
theoften-used simultaneous
cquations

f = 1om(LC) % and
X = 27fL. = LWrfC

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

1 eyvele < < 10" eycles
10¢u Hy < L < 10V Hy
10* ohms < X < 1 ohms
Tupl < C < 10%up F

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

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

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

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

f = 4.5 me. and
C = T0uul

This requires a line through 6
(165 eyveles = me.) for § and
through 110" uupl. = 10uukF)
in the dot system (a).

The Line in system (a) de-
termines 102 (2) on the coarse
L. scale and 100 (3) on the
coarse X seale as multipliers
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 microlienry for L
on the (b) scales.

Since X must be multiplied
by 107 and L by 10% the resnlts
are

X = 305 ohms
I, = 17.8 ully

* Allen-Bradley Company., Milwaukee.
Wis

3+

LCFX Nomograph

THIS INGENIOUS DOUBLE NOMOGRAPH COMBINES HIGH ACCURACY AND WIDE
By H. M. SCHLICKE*
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RCA MICROWAVE

radio-reloy communication
und remete control

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 Unattended booster station at by full remote control. Maintenance

systems are virtually weatherproof. Pernell, Okla. Radio-beam signals via  man inspects each station once every
RCA Microwave operate the booster 24 hours.

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 Telemeter charts give continuous Signal lights indicate equipment fail-
supervisory functions, RCA Microwave record of power and pressures at ure and emergency generator oper-
provides as many voice and teletype boosters. Operator remote-controls ation. 2-way voice channel contacts
channels as you need—and does it valves and pumps of booster stations. maintenance personnel.

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.

m RADIO CORPORATION of AMERICA
TOWS : 4 CAMDEN. N. J.
\ =
Dept. 132\, Building 15-1

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

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.

Name_ Title Company__

Address City Zone State

For more information, mail the coupon . [0 Have an RCA representative get in touch with me.

e o o o e e e e e e e o
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L-N CUSTOM-ENGINEERED
ELECTRICAL EGUIPMENT

Alternator DC Generctors
Systems
/‘ ‘('\-‘:/
e
Cranking
Regulators Motors

s ﬂi:}

YOU CAN
RELY own

Switches

NEW DIAL PROCESS

new 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. Scienific 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-

36

Everywhere...

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.
Coastant voltage protects components, cuts main-
tenance costs.

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

Custom-Engineered Electric Equipment Since 1909.

L-N Alternators

proved by performance for over 7 years

erally, there are three primary sources
af error in divided circeles or dials.  In
arder to produce dials of the required
precision, the errors from cach 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-
wuse a single-line master pattern is em-
ployed for all units.

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

The master dial is generated on a glass
plate that is ground optically flat before
it ix 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
the divided circle. The greatest anguiar
errors are at 90° from the ends of this
diameter. It is simple to calculate the
error in angular spacing caused by an
error in concentricity or line width:
typical values are given below:

ANGLE Dian DiaMEeTER,
ToLERANCE, INCHES
Mix-
UTES 3 3 5 6
1 00015 00060 00075 00090
S5 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 1" can be produced on dials as small
as 3 ins. in diameter. With verniers of
equal precision, the dials can be read to
1’ and with dials of larger diameter the
precision obtainable improves in a linear
manner.

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

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

CoMMUNICATION ENGINEERING November-December, 1953



plastic. with a thin film of pigmented
finish. The finizh provides a permenent
support for the photographic emulsion

ind also forms the background color

NEW PRODUCTS
tContinued from page !3)

BFO Kit Addition: A BFO kit has been re-
leascd 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 ke, ta 25 me. Kit
comes complete with all parts. wire, and

Aircraft Radio Com

Stoddart
pany, Inc.. 6644 Santa Monica Blvd.. Holly
wood 38, Calif

hardware.

Tubes: Literature is available on the follow
g new tube types:

General Electric Tube Department, Elec
tronies Park, Syracuse, No Y., —Type GL
6299, co-planar triode, UHF low-level class A
RIT amplifier operative up to 2,000 me.; al
1,200 me., noise figure is 85 db and gain s
16 db

RCAL Tube Department. Harrison, N J

RCN-12X 4 full-wave vacuum rectifier, 7
pin miniature, for use n 2-velt vibrator
supplies: RCA-6101. Premium-type
medium-mu twin triode, 7-pin miniature, class
A amplifier and control tube for mobile and
atrerafl  equipment. prolotype  GJ6; RCA
6293, bheam-power amplifier for pulse modu
lutor serviee in fixed and mobile equipment

Svivania  Electric Produets,  Ine.. Sales
Dept.. 1710 Broadway, New York, N, Y.
GBQ7TA. twin triode for VITE cascode ampli
fier service with higher pain than 6BQ7. can
replace prototype with slight realignment of
tuned circuits,

FCC FORM 400
(Continued from page 19)

power

hase ~station transmitters operated from a
common control point are not considered
i~ separate base stations

Many businesses are now using radio
communication  systems in o conneclion
with their daily operations. Tt often hap
pens that when the business is sold, the
adio equipment 1= included in the pur-
chase price. I the new owner wishes to
continue the operation of the radio sys

ORNELL-
UBILIER

recognized
standard -
in MICA
transmitter
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

CoRNELL-DUBILIER

CAPACITORS

PLANTS INSO. PLAINFIELD. M. J

PROVIOENCE @ 1, WOIANAPOLIS NP

tem he must obtain his own authoriza
tion. I the station
Parts 10, 11 or 16 of the Commission’s
Rules, the new owner should submit an
application to the Commission on FCC
Form 00, Each item must be completed
in the same manner as if he were apply
ing for a new station exeept “Assiginment
ol License™ in Hem 16 () must be

The name of the new owner,
names of all the partners, if any.

15 licensed  uneder

('I:(' 'l\( ‘l
and the
and/or the tade name of the enmpany is
to be shown in e 20 X potavized letter
from the present owner must he sub
The letter
must contain a statement that he desizes

mitted with the application.

to assign to the new owner all rights, title
and interest 1 and to sueh authorization

formerly FM-TV Rapio CoMMUNICATION

JANFORD AND FUQUAY SPRINGS. & C

NEW BEDFORD, WORCESTER AND CAMBRIDGE, MASS

SUBSIDIARY RADIART CORP. CLEVELAND, OWIO

and, upon approval of the application hy
the Commission, he will submit
rent heense to the Commission for can-
cellation. The letter should alzo give the
call sign and the location of the station,
and the file number and expiration date
of the anthorization which is being as-
signed.

It has been reported that <ome fre
quenev-coordinating committees have ex-

his cur-

perienced difficulty in making recommen-
dations to new applicants ~ince the au-
thorizations on Form 00 do not show the
actual power in use at the existing sta
tions in their region. and therefore the
service area and interference range of
these stations cannot be estimated easily

Continued on page 38
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Communication Registries

WHATEVER 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 transmiiter, 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-poim
transmitters licensed in the following services:

TAXICABS HIGHWAY TRUCKS TRANSIT UTILITIES
RAILROADS INTERCITY BUSES AUTO EMERGENCY

Most active serviees in this group are the taxicab, railroad, and
auto emergency systems.

RecIsTRY 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 il 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 .......ccovereenenee $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.

RecisTRY 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 SCHOO1L COMMON CARRIER
OPERATIONAL FIXED FLIGHT TEST COMMON CARRIER RELAY
AIRDROME CONTROL MISC. COMMON CARRIER

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

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

RADIOCOM, Inc., Dept. 106, The Publishing House

Great Barrington, Mass.

Please send me the following ies of C icati Sy , for which | enclose —
[0 $1.00 Registry of Transportation Systems [ $1.00 Registry of Public Safety Systems

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

Address
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FCC FORM 400
(Continued from page 87)

It is unfortunate that this information
cannet be shown. To do so would con-
stderably 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 alse by the height and
the gain of the antenna. Thus, although
one type of information has been deleted
from the authorization, another type has
been added. In designing the Form 400
an effort was made to request only such
information as is needed to determine
whether or not the applicant has fulfilled
the requirements of the rules and is en-
titled to an authorization. Requests for
any additional information would be bur-
densome for the applicant and the Com-
mission.

Unlike the Form 401 which was used
when applying for a new or modified con-
struction permit, or the Form 403 which
was used when applying for a new or
maodified license, the Form 400 is an ap
plication for an authorization. The type
of authorization which is issued by the
Commission depetds upon the eircun-
stances in each individual case. 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 construction permit only is issued be-
cause the installation and testing of the
equipment  sometimes  takes  several
months. .\ separate  application  for
license to cover the construction permit
15 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,
licenses are issued immediately in those
cases,  Applicants for new stations in the
mobile services are no longer faced with
a long on-the-joh construction period.
Transmitters can now be purchased and
installed as a unit and made ready for
use soon after power lines and antenna
have been connected.  In such instances
a combined construction  permit  and
license is issued. The Field Offices main-
tain records of the dates on which sta-
tions in their districts are put in opera-
tion.

In order to reduce the processing time

Comymuxicarion ExciNneerine November-December, 1953



1o a minimum the FCC Form has been
designed in such a way that the appli-
cant prepares the authorization and the
necessary copies as a part of the appli-
cation.  Since the authorization is re-
turned to him in a window envelope, even
addressing is eliminated.

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

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

State of Massachusetts
County of Berkshire, ss.

Hefore 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 COMMUNICATION ENGINEERING
Magazine :nd that the following is, to the best
of his knowledge and belief, a true statement
of the ownership, management, etc., of the afore-
said publication for the date shown in the above
caption, required by the Act of August 24, 1912,
as amended by the Act of March 3, 1933, em-
lodied 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
Rarrington, Massachusetts; Editor, Roy F. Allison.
West Egremont, Massachusetts; Managing Editor.
none; Business Manager, none.

2. That the owner is: Radiocom, Inc., Great
Barrington, Ma h The and ad
dresses of the stockholders owning 1 per cent or
more of tofal amount of stock are Milton R
Sleeper, Monterey, Massachusetts, Charles Fowler.
South Egr A husetts, Ethel V. Sleeper,
Monterey, Massachusetts.

3. That the known hondholders, mortgagees.
and other security holders owning or holding 1
per cent or more of total amount of bonds, mort-
vauwes, 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
1« acting, is given; also that the said two para-
«1aphs 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
haoks of the company as trustees, hold stock and
.ecurities in a capacity other than that of a bona
fide owner; and this afiant has no reason to he-
lieve that any other person, association, or cor-
poration has any interest direct or indirect in the
«1id stock. honds, or other securities than as so
~tated by him

(Sioned) Roy F. Avnrisox, Editor
Sworn to and subscribed before me this First
day of Octoher, 1952
{Sear] liniiax BExbross, Notary Publy
‘onumisston expires July 1, 1954,
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The JK G-12 is a precision 100 kc
G-T cut crystal intended for oper-
ation in Meacham Bridge and simi-
lar oscillators. Available for oper-
ation at series resonance or into
large load capacities. Resistance
approximately that of usual lamp
used for amplitude stabilization,
simplifying bridge circuit design.
The JK G-12 is vacuum sealed.
Equipped with octal base it is more
convenient than usual ‘‘soldered-
in" type of precision standard
crystal. Suitable for transistor oscil-
lators.Will fit JK O7EH temperature
control unit. Consult us on specific
applicaticns.

JK STABILIZED G-12 CRYSTAL

Did y0|.l k"OW? Surgical cleanliness during

manvufacture is an impor-

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

three seconds over a year's

time. Creative research com-
bined with today's most
modern production facili-
ties brings you today's
finest — JK "“Crystals for
the Critical".

THE JAMES
KNIGHTS COMPANY,
SANDWICH, ILLINOIS
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ADIO

ENGINEERING
LABS., Inc.

PIONEERS IN THE CORRECT USE OF

ARMSTRONG FREQUENCY MODULATION

e
-

YEIRT

b

REL MULTIPLEX RELAY &
POINT-TO-POINT EQUIPMENT

Typical of the standard transmitter and receiver d,signs
developed by REL for high-quality mul'iglex and point-‘o-
point radio circuits is the Type 755-C equipment for 152 to

174 mc.

The transmitter-receiver wnit ill ‘.“‘ above #

Iriml

as a 4-terminal network for f
of voice, program, telegraph, rol

L4 L4
emetering, remote control,

and facsimile up to the equivalent of 5 vyiu 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 continvously reliable service establish beyond ques-
tion 1) the high degree of stability afforded by the e[o:'nul
and mechanical tolerances built into REL multiplex aql”pn::l“,

t cost T

and 2) the substantial savings in

from designs which reflect long experience with ndv_on;
conditions in all parts of the world. Standard specifications

ing data, prices, and deliveries, address:

} can be modified to suit special requirements. For engineer.

&

£

¢

6-4
b‘ ,’,"'

'LABORATORIES, Inc.
e L.: STILLWELL 62100  TELETYPE: N. Y. 2816 :
0 37th Street, Long Island City 1, N. Y..

RADIO ENGINEERING

| in

MULTIPLEXING

(Continued from page 31)

Signaling: Sienaling is an important
part of any communication syvstem. In
ihe course of telephone progress many
methods for signaling over carrier chan-
nels were developed which are now in
use.  Generally specking. signals from a
sending switehboard or telephone instru-
ment operate relays in the transmitting
branch of a carvier terminal which con-
trol the transmizsion of internally-gen-
crated 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 siinal to the receiving
switehboard or telephone instrument. The
principal differences in signaling methods
are the frequencics of the internally-gen-
crated signals and the manner in which
these signals are applied to the lines for
Lransmission to the distant terminals,

Two or more methods of signaling can
be nsed with most carrier systems: mos!
popular are ringdown signaling and dial
signaling. Ringdown signaling makes us-
of a steady transmitted eurrent 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.
a holdover from early telephone days,
when a ringing signal caused a magnetic
mdicator to drop at the distant terminal.
AC ringdown denotes a type of signaling
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.

The term “ringdown™ is

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

[ seribed minimums in order to avoid deg:

1

radation of the particularly
where many repeaters in tandem on a

svstem,

| MIDDLEFIELD ROAD -+

'\ \ R Vi 2
NEW POWER BOOSTER
Boosts Power instantly!

Stronger signals and greaier 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 rescarch
laboratories.

DEPENDABLE
MOBILE
COMMUNICATION

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

DEALERS!
® WRITE FOR K'f' C:rp.' u: s
mojor radiotelephone
SUMMARY mml:danwer s:lling
CATALOG ON threugh authorized
ALL KAAR dealers. Write for
lete informa-

MOBILE tan.

EQUIPMENT

—— yAAD =—
{KAAB/:

ENGINEERING CORP.

PALO ALTO, CALIF.
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toll cireuit each contribute noise to de-
grade the circuit progressively. 1t is ob-
vious why the contribution of each sys-
tem must be minimum.

A toll-quality eircuit is defined as one
i which the measured noise and eross-
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 Eleetrie type 2B Noise
Set with FIA weighting,  In other words,
the noise at this receiving point in the
system must be about—60 dbm as meas-
uredd with a meter which takes into ac-
count the response characteristics of the
average human ear.

Open-wire transmission lines are sub-
Jjeet to crosstalk due to the coupling be-
tween adjacent pairs of wires.  Cable
transmission lines can contribute cross-
talk due to inter-pair leakage and cou-
pling as well as level differentials. Radio
systems produce a crosstalk and noise
contribution caused by non-linearities,
peculiar to electronie  eireuitry,  which
generate mtermodulation
products ultimately appearing in the out-
put circuit.  Control of these factors is a
function of the
adjustment.

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

Another wire-line and
which sometimes affects radio-carrier sys-
tems is that of equalization.  Wire lines
and cables do not have equal attenua-
tion characteristies for all frequencies.
Higher frequencies are attenuated more
than those lower in the scale: this in-
cquality 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 chaunels

undesirable

equipment design and

cable prnhl('m

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 from 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 42
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Seaplifying WF Power Measanement

Wtodet 67 TERMALINE
DIRECT-READING R-F WATTMETER

30 mc to 500 me¢
(to 1000 mc if specified)

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

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

® Model 67 is a larger type
Wattmeter than the well-known AN-ME-

11/U (our Model 611) R-F Wactmeter. o
Specifically designed for fixed station trans- = o
mictters to 500 watts output, it may be used

nicely on low range for mobile gear. Pro- NON-RADIATING

vided with an aluminum cased, shock- e Accuragy - 5%

mounted meter, Model 67 is as simple 1o
use as a DC volemeter. Now in general use
throughout the industry, TERMALINE Watt-
meters may be depended upon for fast,
accurate and repeatable power readings.

RUGGED CONSTRUCTION
eesSize—17"x9"x 6"
Wght.— 30 pounds

NEELY
ENTERPRISES
Hollywood « San Francisco

Albuquerque
EARL LIPSCOMB
ASSOCIATES

Dallas o Houston

ELECTRONIC CORP.

1800 EAST 38™ ST., CLEVELAND 14, OHIO

TERMALINE Coaxial Line Instruments

Resinite Coil Forms are laboratory
tested and field proven. Their
operating characteristics — volume
resistivity . . . power factor . . .
thermal properties . . . low mois-
ture absorption . . . and resistance
to voltage breakdown—represent
a new achievement in basic com-
ponents for electronic application.

Resinite Coil Forms are available with inside or outside
threads, slotted, punched or embossed. Axial pressure
in excess of 25 |bs, is accomplished through a special
three row threaded design. Torque can be controlled to
<+ or =1 in. oz.

RESINITE 8104:

for coil forms
requiring very high dielectr'c

SEND TODAY FOR FULL DETAILS AND TECHNICAL
INFORMATION,

RESINITE ....c. . 0n

DIVISION OF PRECISION PAPER TUBE
3

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.

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

ILL
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leading manufacturers use

JFD PISTON TYPE VARIABLE TRIMMER CAPACITORS

in both civil and military equipment

No. VC 1 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 Diclectric
No. VC 11 G (1.0 to 12.0 mmf.) Glass Dielectric
No. VC 20 (0.5 to 1.9 mmf.) Glass Dielectric

NO OTHER LIKE IT!

Approximately ZERO TEMPERA-
TURE COLEFFICIENT FOR
QUARTZ AND INVAR construction.
Approximately + <o PPM per degree
C. for Glass and INVAR construction.
One-piece SPRING LOADED PIS.
TON and screw prevent backlash.
SILVER BAND fused to exterior of
precision drawn quartz or glass tube
serves as optimum stationary electrode.
“Q” of 1,000 at 1 mc,

DIELECTRIC STRENGTH equals
1,000 volts DC at sea level pressure and
500 volts at 3.4 inches of mercury.
10,000 megohms INSULATION RE.-
SISTANCE MINIMUM.
OPERATING TEMPERATURES,
—55 C. 1o + 125 C. with glass dielec.
tric. —55 C. to +200 C. with quartz
dielectric.

Over 100 megohms MOISTURE RE.
SISTANCE after 24 hours exposure to
95% humidity of room temperature.
PISTON DIMENSIONAL ACCU.
RACY is held to close talerance main-
taining minimum air gap between pis-
ton and cvlinder wall.

Write for Form No. 199

JED MFG. CO.
BROOKLYN 4, N.Y.
BEKSONHURST 6-9200

world's largest manufacturer
of tv antennas & accessories

{;.-&

PI.ATT Aunnounced . . .

PRODUCTION OF

* 60 WATT MOBILE AND
* 60 WATT FIXED STATION

EQUIPMENT

WRITE FOR DESCRIPTIVE LITERATURE

PLATT Menifoctining Corp.

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

CoMamrNicarTion l‘:.\'(lleilCl(l.\'(:

450-MC. ANTENNAS
(Continued from page 1)

be drawn as to whether such spacing is
eritical, or if second-order effects only
oceur and this factor can be disregarded
n general. Fig. 8 shows a set of mea-
sured vertical radiation patterns for the
C-31835 mounted 7.8 ins. (3 wavelength)
from a 10-ft_length of pipe. The vertieal
pattern of the array in the clear. shown
in Fig. 1A, should be compared with the
set shown in Fig. 3.
ms. (25 wavelength)  through 27 ins.
(1.0 wavelength) from the top of the
pipe were tested. the effects
of spacing on the vertical pattern shape
are very slight. Over the
the beam  width  changed  from 28
through 32 . The vertical beam width
for the antenna in the clear is 28 . Minor
lobe structures are not great enough to
canse serions deterioriation in antenna
gain.  Fig. | presents the results of the
same tests but with the array-to-pipe
spacing inereased to 18 ins. (7T wave
length) . Here again, the beam width is
fairly constant for the various spacings
from the top of the pipe: the overall va-
throueh 307, A
general conclusion that can be drawn
from these measurements is that the ver
Lical 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 eritical.

Spacings from 6.5

In general,

range studied

riation ranges from 26

Sector Coverage: Although the prime
object of a study of this nature is the ap
phication of the data to general omni
it is felt that
there are occasional requirements in the

directional coverage needs,

mobile services for seetor coverage. For
instance, a city located along a water-
front suggests the need for confining ra-
diation to a 180
practices in systems engineering require

sector. Some recent
that sector rejection be provided by the
antenna if suecessful operation is to be
achieved. With the simple support-mem-
ber reflector arrangement, ratios of some
15 db can be achieved: however, the
major lobe is usually too narrow to be of
general utility, and such a rejection ratio
cannot be achieved exeept with careful
adjustment.  Reeent work? with sereen
reflectors having angles greater than 180
has resulted in patterns which approach
closely the idealized hemiazimuthal 180
coverage diagram.  Fig. 5 gives a set of
pattern measurements for the C-3155
mounted at various distances off the apex
of a 270
screen mesh 18 ins. on a side and extend-
ing about 12 ins. above and below the

corner reflector, constructed of

k. K. Harris, “An Experimental Tnvestigation of
the Corner-Reflector Antenna,” Procc TRE, Vol
41, p. 6450 May, 19523,
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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 20 db below that in the forward
sector. In the 90° dead zone which the
corner reflector shadows, the level is more
than 40 db below that in the forward
sector. It can be seen that for spacings
smaller and larger than .3 wavelength the
coverage is no longer uniform: however,
the variation is not great, and the shadow
region is as dead as before.

Such an arrangement using the high-
gain base-station array with the 270
corner reflector is ideal for construction
on the corner of a tall building. The re-
flector can be made from 2-in. mesh
screen or smaller.  If its use is practical,
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 1807 sector
covered.

While the data presented herein is by
no means complete, it should provide
some workable information for the ap-
plications engineer. Additional measure-
ments covering the effects of larger pipes
as well as tower structures are needed.
and a study of impedance effects would
he 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-me. range if it is recog-
nized that all dimensions given must be
multiplied by 3. Thus, the patterns shown
for the case of a 234-in. pipe are valid for
a 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-
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 115 ft.
in width.

Lighting requirements for various tower
heights are shown in the diagram accom-
panying. Obstruction lights shown must
consist of No. 100 A21/TS or No. 111
A21/TS lamps in aviation red obstrue-
tion light globes.  Beacon lights must
consist of two 300 or 620-watt lamps
(PS-10, code beacon type) burning simul-
taneously and equipped with aviation red

Concluded on page 1}
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Hughes Research and De- tems, network theory.
velopment Laboratories, magnetic recording, wide-
located in Southern Cali- | band amplification, and
fornia, form one of the : intricate electromechani-
nation’s leading electron- | cal devices are active in
ics organizations. The per- this prograrn.
s sentl -
sonnel'are presently en eI UTURE
gaged in the development Enegi . wh .
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and devices. | quiring origina ity an
| ingenuity find the proper
AREAS OF WORK I environment for personal
The communication group advancement in these ac-
is concerned with the de- tivity areas. Widespread
sign and development of future application of ad-
unique radio communica- vanced communication
tion systems and with ex- techniques will enable the
ploiting new radio com- Hughes engineer to take
munication techniques. full advantage of his ex-
Specialists in propagation perience as the Company
phenomena, antenna sys- expands commercially.
Write today, giving details of
qualifications and experience.
Assurance is required that re-
How to apply location of the applicant will
not cause disruption of an ur-
gent military project.
e
I
Scientific : CULVER CITY,
Hughes and | LOS ANGELES
Engineering : COUNTY,
Staff | CALIFORNIA
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It takes skill and
experience to erect

COMMUNICATION
TOWERS...

MACCO
DOES A JOB!

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

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

"'!-||1~="‘L
k" -
ey

b

Get acquainted—
WITH

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

NAME

ADDRESS

COMPANY

T

ClTY STATE
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TOWER RULES
(Continued from page 43)

color filters, installed in a 300-mm. elec-
tric code beacon. Beacons or obstruetion
lights at any level must he visible at any
angle of approach. =0 that two beacons
must be used at levels where this is nee-
essary for visibility,

Lights must burn continuously or he
controlled by a light-sensitive device ad-
Justed to turn on at a north sky light in-
tensity level of about 35 foot candles and
to turn off at a north sky light intensity
level of about 50 foot candles.  Beacons
must be equipped with a Hashing mech-
anism operating at not mare than 10 and
not less than 12 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
he 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.

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 24 hours.  Alternatively,
an antomatic alarm system can be used.
Any failure of a beacon or top light not
repaired within 30 minutes must bhe re-
ported immediately by telephone or tele-
graph to the nearest airways communica-
tion station or CA\ 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.
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 844 with the
Director, U. S. Coast and Geodetic Sur-

vey.

A sufficient supply of spare |

HERE'S evervruine

. YOU NEED

HI-FIDELITY

INDUSTRIAL ELECTRONICS

NEWARK'’S NEW
CATALOG NO. 56

Send today for

Department C.11

LEWARK

1€ COMPANY

223 W. Madison 5t., Chicago 6, Il

Antennas for
450-470 mcs.

A Complete Line for
Every Application

C-3455 4 DB Gain

C-7455 7.2 DB Gain
Omnidirectional Colinear Base
Station Arrays

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

CV.2455 Gain Antenna for vehic
vlar 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, ond 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:

per year $50.00
" 40.00 each
" 35.00 each
o 30.00 each
“ 25.00 each
“ 20.00 each

Extra for air mail, $1.50 annually
scription.

1 Subscription,
2 Subscriptions,
3 Subscriptions,
4 Subscriptions,
6 Subscriptions,
10 or more,

per sub-

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, ond
mailing oddress of the licensee. Services included
are: taxicabs, railroads, highway trucks, intercity
buses, transit utilities, and outo emergency.

Price per copy, prepaid, $2.00.

RADIOCOM, INC.

The Publishing House, Great Barrington, Mass.

formerly FM-T'17 Ravto ComyuNicarion
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m THE “Field-Proved” STANDARD

IN COMMUNICATIONS, INTRODUCES A NEW

TELEPHONE
NDSET

... the first Handset
specially engineered

for two-way
communications

% 2-Way Radio
Communications

% Inter-Com Systems

% Airplane Announce
Systems

* P.A.
Systems

Model THIO

Specially designed to suit
your specific applications

Here is a truly modern functional
handset specifically designed for #§
2.way communications! A product
of the Shure Laboratories with many
years of experience in safety mobile
communications, the THI10 llandset
brings you these features: . .. the field-proved
controlled reluctance assembly as a receiver . . .
high output balanced response carbon transmitter
. . . oversize switch cavity providing flexibility in
stacking of famous Shure long-life leaf blades . . .
cored handle for maximum number of conductors
...nosolder connections . . . rugged shock resistant
handle . . . design smart to the eye, natural in the
hand. The answer to your complex circuitry!

For more complete information
write to

SALES DIVISION

3 |

SHURE BROTHERS, Inc. * Xcoismic vevices
225 W. Huron St. e  Chicago 10, lll. e  Cable Address: SHUREMICRO
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HAMMARLUND
REMOTE CONTROL
& METERING

at the studio end.

For
Unattended
Broadcast
Transmitters!

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

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

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

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

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

Contrel panel for installation

Control equipment for instal-
lation at the studio end.

150-MC. RELAY
(Continued from page 33)

Figs. 11 and 12 are front and rear views
of a cabinet containing a complete 755C
system and a 747 amplifier.  Chassis are,
from top to bottom, a 7535 receiver: a 747
100-watt amplifier; a 755-C transmitter;
its power supply: and the 747 amplifier
power supply.

PROJECT TINKERTOY
(Continued from page 25)

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

During each stage in the production
process, provision is made for completely
auntomatic 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
etehed 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
and the procurement of new mechanisms
and parts are eliminated. Most of the
operating know-how is stored in mechan-
ical fingers and electromechnical control
mechanisms: even electronie 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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See Better! Work Better! -

LU X‘ LAMP

—Ac:laimed the World over
R £ , as the best light
to work under!

AD

Scientificolly
Engineered

Ingeniously Designed
Brackets to Desk, .

Board, Lathe, Bench,  Sturdily
Wall or Table Com"uded
{Floor Mount ulso Available) quwlﬁsly
ﬂmshcd
Raises, Lowers, 5
Tiits, Traverses, Turns coLors
Fingertip Stay-put Control G,G,:,
Stointess Steel Tube Arms Mehegony

Nickel Steel Tension Springs
Vented Aluminum Shode
Rodius 45 Inches
Weight 4 Lbs.

N
S
DRAFIING ROCM

CONSUMERS: Ask for LUXO LAMP
at your nearest dealer's
DEALERS & JOBBERS
Line up with LUXO LAMP
Write Today!
REPRESENTATIVES

-m Territories still open

IA}':VISNO'
LUXO LAMP CORPORATION f"*%“‘a*w

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

A Tt

COMCO

“FLIGHTCOM"”
TWO-WAY VHF
RADIO FOR AIRCRAFT

EREQUENCY MODULATED
152-174 MC.

25-50 MC —

e a—

-
5

and ive or utifity aircraft
COMPACT—mounts in smallest plancs
LIGHT—total weight only 23 Ibs.
LOUD—{ull watt audio to speaker
POWERFUL—10 watts 30-50 mc. band

7Y% watts 152-174 mc. band
LOW BATTERY DRAIN
PERFORMANCE—idcntical with ground

station cquipment.

For details contact your nearest COMCO dealer

' Ptovudes communication between ground FM com-

ok el
> coMmbmuno $comps

ORAL GASLES 24 FLORIDA

| Shure Brothers, Inc.
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Y 20 W, /Y7 MASTERPLANE

2 METERS—
GROUND PLANE ANTENNA— 140 to 162 MC

Model 300—Master De Luxe . . .

NEW! Outperforms any type of —
vertical  dipole. *’Drooping”’ L
Type Ground Plane plus four non 1w
straight radials to give a low 3 i
angle of radiation. It gives an /
almost perfect circle radiation

?anern. ideal cfor CD and de- [y rre
ense nets, overs complete

Amateur Band with excellent /’><‘
Broad Band characteristics. Other -
frequencies as specified. Matches o
52 ohm coaxial cable through e

threaded coaxial fitting at end.

Radials adjustable (up or down) for purpose of

eliminating standing waves. Sturdily-built of finest

alloys to withstand corrosion,

TWO METER COAX high winds and extreme ic-

ANTENNAS ing. With 36” length of 3

NO. 214 — MASTER pipe for mounting purposes.
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: Model
Type 1—on side with ing”’
2 brackets furnished
—NET: $15.95. Type

MODEL 300

AMATEUR’S NET: $12.95

MOUNTING BRACKET:
NO. MB—$1.00 NET

GP-4. Four “Droop-
Radials for perfect
match to 52 ohm coax cable.
Complete amateur band cov-

2 — MASTER MOUNT erage. Specify other fre-
(No. 132X or 140X). quencies. (U-Bolts and Mount-
Mounts sold separ- jng Brackets furnished.) Also
ately. Complete atrachable fo side of build-
$17.45. Adjustable ing. Sturdy,
mounting—adjusts to ALL SPECIAL special
177, ALUMINUM alloys, to
ALLOY RODS Wi'hs'and
No. 214 - g corrosion
™ ol and exvr;me
— weather,
- WRITE .~ /= Model GP-4
Ask for it- ) AMATEUR'S
\ | = erature on » aan NET: $5.95
the more s
{ - than 70

L numbers in -
i JI' the Master 2 METERS 140 10 162 MC
i 1 4 Mobile Line SOLD BY LEADING JOBBERS
-15' MASTER MOBILE MOUNTS, INC.

P. O, BOX 1817 o LOS ANGELES o CALIF.
Warehouse & Shipping Address: 1306 Bond St.

| Today it's TRANSISTORS
- &

&

Principles of

TRANSISTOR CIRCUITS

Edited by Richard F. Shea

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

the work of nine
General Electric experts,

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

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

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

1953 535 PAGES $11.00

Send now for a copy
ON 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.
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This new 190-A Q Meter measures an essential
figure of merit of fundamenta! components to
better overall accuracy than has been pre-
viously possible. The VIVM, which measures the
Q vol'age al resonance, has a higherimpedance.
Loading of the test component by the Q Meter
ond the minimum copacitance and inductance
have been kept very low,

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

Q indicating voltmeter 50 to 400
Low Q scale 10 to 100
Multiply Q scale 0.5 to 3.0
Differential Q scale 0 to 100
Total Q indicating rarge 5 to 1200

PERFORMANCE CHARACTERISTICS OF INTERNAL
RESCNATING CAPACITANCE: Range — 7 mmfd.
to 100 mmid. (direct reading).

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

Write for further information

FOR PUBL

ADDRESS, RADIO,
and kindred fields,

JONES .

SERIES

PLUGS & SOCKETS

‘E of proven quality!

d Ter-
Write

Sockets on
minal Strips:

Howarp B. Joxes Division

CINCH. MANUFACTURING CORPORATION
CHICAGO 24, ILLINOIS
133 SUBSIDIARY OF UNITED.CARR FASTENER CORP.

| Q-METER rvPE 190-a

17 YEARS OF RESEARCH PRODUCED
THESE IMPORTANT FEATURES

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

® Q indicating voltmeter: 50 to 400.

® Multiply Q scale: 0.5 to 3.0.

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

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

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

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

® Low internal inductance, capacitance and
resistance.

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

® Tunable oscillator in four ranges calibrated
to high accuracy.

® Compact, simple, rugged construction.

BOONTON ‘RADIO
0‘46/7(/'4‘( ('/( (%744

BOONTON-N-J-U-SA

COMMUNICATION
TOWERS

Proved in Construction,
Design, and Operation.

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

14-in. triangular design.

Can be used non-guyed to
60-ft.—guyed up to 150-ft.

Get the full facts today!

. Call your Rohn representative
or write, phone or wire:

“Pioneer designers and f
of all type towers.”

turers

ROHN MANUFACTURING CO.

DEPT. CE « 116 LIMESTONE, BELLEVUE
PEORIA, ILLINOIS « PH. 49158

PROJECT TINKERTOY
(Continued from page 46)

is comparatively free from dependence
on particular components in eritical sup-
ply.  Uniformity of electronic products
at a high quality level is enhaneed by the
mechanized  production and by 1009
automatic inspection.  This affords the
possibility of repair and maintenance of
clectronic  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. the
standardization results in production out-
puts of uniformly satisfactory equipment.
whose characteristies both physically and
clectrically are carefully controlled.

SELECTED REFERENCES

“Printed Circuit Techniques,” NB3
Circular 468 (19+7). On sale by the
Government Printing Office, Washington
25, . C. ($1.25)

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

“Electronies  Miniaturization”  (NAer
00685, National Bureau of Standards
Final Report), OTs Report No. 'B-
100949 (1949), 189 pp.. $4.75.

“Printed Circuils,” (N.Aer 00686, Na-
tional Bureau of Standards Final Re-
port), OTS Report No. PB-100950
(1950) . 99 pp., $1.75.

"ASubminiature Low-Frequency
Radio Receiver,” NBS Technical News

Moreover,

| Bulletin 35, 68 (May 1951) 10 cents.

“A High-Temperature Adhesive Tape
Resistor,” NBS Technical News Bulletin
33, 100 (July 1951). 10 cents.

“Small Continuous Furnace for Firing
Printed Circuits,” NBS Technical News
Dulletin 35, 11+ (Aug. 1951), 10 cents.

“A New Miniature Intermediate-Fre-
quency Amplifier,” NBS Technical News
Bulletin 35, 143 (Oct. 1951), 10 cents.

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

“Development of the National Bureau
of Standards Casting Resin,” NBS Cir-
cular 93 (1930), 10 pp.. 10 cents.

“Printed Circuit Techniques: An Ad-
hesive Tape Resistor System.” NBS Cir-
cular 330 (1952), 83 pp.. 30 cents.

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

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

for your
REFERENCE LIBRARY

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

FREQUENCY MODULATION

Frequency Modulation—by August Hund. No. 43 $£6.75
875 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
347 pages, 5% by 8 ins,, cloth. An excellent book for the layman
who wants to learn about FM transmission and reception.
Frequency Modulation—by Nathan Marchand. No. 45 $5.00
409 pages, illus, 6 by 9, cloth. The fundamentals, circuits, and
equipment used in FM explained using a minimum of mathematics.

UHF

Ultra High Frequeney Propagation—by Reed and Russell.
No. 132 $9.50
562 pages, cloth, An outgrowth of intensive experimental research
at the U, S, Naval Air Test Center. 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 trair
engineers and physicists in ultra-high-frequency research work.
UHF Transmission—by Nathan Marchand. No. 48 ... $4.50
822 pages, 6 by 9% ins., cloth. For practicing engineers using UHF.
the principles given are applicable to particular problems.
Communication at UHF—by John Thomson. No. 49 $4.50
203 pages, 5% by 8% ins., cloth. Covers radio communications at
these frequencies with emphasis on development possibilities.

MICROWAVES

Introduction to Microwaves—by Simon Rameo. No. 50 $4.00
138 pages, 5% by 8% ins, cloth. An excellent non-mathematical
treatment of the concept of microwaves for the novice.
Understanding Microwaves—by V. J. Young. No. 31 .. $6.00
385 pages, 5% by 8% ins., cloth. The underlying principles thor-
oughly explained for engineers, researchers, and students.
Microwave Electronies—by John C. Slater. No. 32 .. $6.50
406 pages, 6 by 9 ins., cloth. A highly technical treatment of war-
time and post-war development in microwaves.

RADIO COMMUNICATION

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

AUDIO REPRODUCTION

Pianos. Pianists. and Sonics—by 6. A. Briggs. No. 353 $2.50
192 pages, 314 by 834 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. & 1. Kolodin. No.98 .. 34.30
320 pages. 6% by 9% ins.. cloth. Compbiete analyses on ail phase:
of the high-fidelity field. Inciudes eouipment reports.

Sound Recording—by Frayne and Wolfe. No. 53 $9.50
686 pages, illus., 6 by 9%, ins., cloth. For designer. engineer, and
technician, covers basic problems in recording and reproducing.
Loudspeakers—by G. 4. Briggs. No. 36 = = ... $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. 93 $7.00
369 pages, 6 by 9 ins., illustrated. Interrelated engineering treat-
ment of sound, speech. music, musical instruments. acoustics and
sound reproduction.

INSTRUMENTS

Modern QOscilloscope—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 Volimeters—by John F. Rider. No. 59..84.50
432 pages, 3% by 8% ins., cloth. Only source book devoted exclu-
sively to this subject. For engineers, technicians, and teachers.
Encyelopedia on Oscilloscope—by J. F. Rider. No. 60 $9.00
992 pages, 8% by 11 ins, cloth, Truly encyclopedic in coverage.
this book shows. in detail. efficient use of the scope.

ACOUSTICS

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

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

and theory of acoustic measurements for technicians.

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

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

cussion of principles, procedures, and specific applications.

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

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

ested in design or construction of electro-acoustic apparatus.

REFERENCE BOOKS

Principles of Transistor Circnits—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)—Ramo
and Whinnery. No. 1314 $8.75
An expansion and revision of first edition, containing much new
material. A simple vet thorough treatment of the electro-magnetic
theory.

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

Data for Radio Engineers—Federal T. & R. No. 66 $3.75
675 pages, 5% by 82 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—7erman. 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 $3.25
114 pages, 5% by 8% ins., cloth. Covers the theory. design, and
characteristies of all standard microphone types.

MISCELLANEOUS

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

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

| enclose S for which please send me the books indicated
by circled numbers below. (No. C.0.D.’s, please.)
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Motorola is a

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.

SERVICE
orgamzatmn

PR A ¢

+T T e O SRR g

...with organized Maintenance
Service Personnel to back the
“"best engineered 2-way radio

equipment’’

Motorola

RADIO COMMUNICATIONS

Motorola Communications & Electronics, Inc.

A SUBSIDIARY OF MOTOROLA, INC
900 N. Kithourn Ave., Chicago 51, IMinois - Rogers Majestic Electronics, Lid., Toronto, Canada
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PHILCO MICROWAVE

2

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 s

power output of any equipment in
the 6000-7500 mc. 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 Werite to Department CE

PHILCO corporaTiON

GOVERNMENT & INDUSTRIAL DIVISION « PHILADELPHIA 44, PA.

formerly FM-TV Ravio CommrNicaTioN



—{:1— RESEARCH

-+ ENGINEERING
- crAFTSMANSHIP
- PRrEcISION

-} PRODUCTION
- DELIVERY

-+ euaLiTy

(o= titee ]

8C/Z Y.‘s‘TA /4 Sq

/

e
P i
The rop frequency control choice in all electronic
applications:
MILITARY -+« MARINE ... AIRBORNE

MOBILE .- AMATEUR... INSTRUMENTATION
ULTRASONICS - -« STANDARD

BLILEY ELECTRIC COMPANY
UNION STATION BUILDING « ERIE, PA.
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Specificaily Designed For
Rugged Mobile Communications Service

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.

11°S RIGHT WHEN IT'S RADIART

RADIART corrorarion /

4 THE
® CLEVELAND 13, OHIO
=l 4’4 “& 2
OIA « VIBRATORS « AUTO AERIALS
*ROTORS *TVANTENNAS ¢POWER SUPPLIES

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

BY




ARMSTRONG FREQUENCY MODULATION
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SYSTEMS DATA

T' was hardly reasonable to expect that
the number of mobile, base, and port
able transmitters shown in this bi-month
Iy department would inercase indefinitely.
Nevertheless, a deerease in all three eate
gories comes as a surprise. The signif-
icance of the change will not appear until
another four months have passed. Then

resents  an expected  number  of  sub-
~seribers over a period of time rather than
the number poing inlo use at once.
Following 1s a st of transmitters not
meluded in the Table, because they will
he operated outside the 30 to 50 and 152
to 174-me. bands, for which applications

were filed during August and September:

it will be known whether the peak volum: Porice: 39 speedmeters on 20655 me.:
PIONEERS IN THE CORRECT USE OF has been passed, or af the July-August  interzone CW transmitters on 1.6 to 7.0

period was an exception.

This data is the most up-to-date and
acceurate picture of current activity avail-
able sinee the figures shown are for apph-
cations as they are filed at the FOCC, and
they are compiled from our Weekly Re-
ports of Applications.! Totals for the first
S months of this year show applications
filed for 54570 mobile units, 4882 bhase
stations, and 388 portable units for op-
19 me,
represcnting a volume of about £+ million

cralion on 30 to 30 or 132 to

per month. That figure does not inelude
maobile, point-to-point. and relay systems
on other frequencies, which may average
nearly as much again.

Aetual orders for mobile units prob-
ably amomnted to substantially Jess than
the total of 13966 shown here, partice-
ularly because 1755 units arve listed for
common carrter and miscellaneous com-

mon carrier serviee. Thus the figure rep-

For inform:atiog ont this weekly reporting sery
ice, address Rewistry Department, CoMMUNICATION

ExciNterinGg, The Publishing Hoase, (B
rington, Mass

Great

mes §orelay on B2 mel Ton 75 me. 5 on
155 e, and 2 on 30 mes 8 control
transmilters on 139 me.

Fiee: 1 mobile relay on 152 me., relay
on 160 me., 2 relavs on 38 me., | control
transmitter on 154 me., 138 me.

Seecnd Eaxtercexey: 35 mobile untts

2 on

and 10 temporary base transmitters on
309 me.

IFerpsrry ConservaTion: 2 mobile re
lays on 172 me.. 1 orelay on 159 me., and
I relay on 854 mes 1 ocontrol transmitter

161 me., and 1T on E3¢ me.
Hhconway  MoauaNreNasce: |
meter on 20855 mes Frelays on 72 me.
on 161 me., and 2 on £3F mes 1 oconlrol
ransmitter on 72 me., b on 1536 me.. and
I on B35 me.

Power Uriiry:

157 mes 3 mobile relays on 153 mes 3

on

\‘])('(‘ll

15 mobile units on
relayvs on 72 mes T on 830 me, and 11 on
1.905 me: b eontrol transmitters on 133

lo 132 men 3 on 156 me, Fon 1.855 me.,
and 72 on 6585 to 6985 me,

(Concluded on page 12)

MULTIPLEX RELAY & l " o TN S BT Ty 11T N 1 Ty A peerea )
REL U POINT EQUIPMENT ' FABLE OF APPLICATIONS FILED JULY 1 TO AUGUST 30, 1953
POINT-TO- . TOTAL TOTAL TOTAL ~ 30 to 50 me.- 152 to 174 wie.
Typical of the standard transmitter f’,‘dl receivder d.“"gf"‘ MOBILE  BASE PORT. MOBILE BASE PORT. MOBILE BASE  PORT
developed by REL for high-quality multiplex and point-to- [ 3N O 207¢ . re} <3 63 o 89 9 67
point radio circuits is the Type 755-C cquipment for 152 to l“.)h” . 200 116 1.185 Y 15 SOt } l:
174 mec. Fire ... o 893 82 153 690 (i} 16 203 I8 137
The transmitter-receiver unit illustrated ahove functions ] Speeial l'lnwrg‘vn(-y ,,,,,,, 280 107 3 191 X3 2 89 63
as a 4-terminal network for frequency-division multiplexing R . - R ot oy _ "
of voice, program, telegraph, telemetering, remote control, ' ”lgll\\:l_\' Maintenane 26 29 226 26 a0 ) —
L A b rcuits. . ) : o i N .
and ol up Jo heequivalet of 'S volte | L Conervation.. I86 1 W0 SH % W 2 18 —
Serrasoid phase-shifter, performance specifications meet the R . R ~ R N .
highest requirements of standard telephone practice. Power | “h[_\- ,,,,,,,,,,,,,,,, 1.0t 103 D 83 71 5 159 3 —
Operating records of this REL equipment in sys':ms re- l'i]n‘]ill(' Petroleum ... a19 102 10 391 82 128 2 10
o d . i blish b s- . . 5 -
B O ree. of srabilvy afiarded by the slecncal | Special Tndustrial .. 2280 282 10 L6110 631 4210
d hanical tolerances built into REL multiplex equipment, CPoreor ey - 09 r
::d ’;)“'haem::bs:’an:ial savings in maintenance cost resulting Low-Power  Tadustrial 6T 129 345
from designs which reflect long experience wi'h.adv.arse Relay Press oo o N — H N
conditions in all parts of the world. Standard specifications R X
can be modifizd to suit special retyﬂremen's. For engineer- Motion Picture . 1 '
. k liseriet : .
ing data, prices, and deliveries, address I‘()I'(‘\'l l’l'("hl('l\' ________ 294 24 9 209 13 1 2) 12 2
= Taxieabs 1.659 114 1.689 111 —_
il Railvoads ... L1t I 20) 1.11¢ a8 20
|| Highway Trocks T61 ) 161 29 —_ —
ke oo . .
i"!"‘“’_’ and Manufacturers of ‘ ‘ Intercity Buses ... 106 3 106 3 —
Broadcast, Communication, and | Transit Utilities _ _
Associated Equipment since 1922 Auto Emergeney 164 18 P T
: . Radio Paging ... 20 - 2
: Common Carrier 960 1 ] 1 885 )
RADIO ENGINEERING i 0 .
| - R — : —
TOTALS JIB0T6 0 1083 198 G565 663 200 7211 b0 597

'LABORATORIES, Inc.

f‘l’!'l.: STILLWELL 6-2100 TELETYPE: N. Y. 2816
36-40 37th Street, Long_lsland City I, N, Y,
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COMMUNICATIONS SUPERVISORS:

cor SB25. 000 |

coverage foxr SS700Y

Here are the plain facts that speak for - l‘—"-‘
themselves of $24,300 savings. %
To increase the “talk-back’ range of i LN
one-hundred cars from 20 miles to = )
. . - s
25 miles—corresponding to an increase of | E_« 1
o 11
50°¢ in area coverage—one-hundred 15 /1
watt transmitters must be replaced with it ";’.
60 watt transmitters . . . at an L
approximate cost of $25,000. b: e
You can get the same coverage by i)
installing an Andrew 3000-type antenna 3
for enly about $700. ‘{
One postcard can save you over $24,000. g -
Before you buy, write us for a complete g ¥ ]
analysis of costs and antenna types {
to meet your needs. ) .,
i
\40 RPORATION '
363 East 75th Street - Chicago 19
f
N - {
|

formerly MW7 Ramo CommrNicarioN 5



Boosts Power instantly!

Stronger signals and greater transmis-
sion range even in hilly country are
now possible through use of the new
Kaar Power Booster, which increases
by six times the power output of any
8 to 10 watt mobile transmitter, with-
out adding to standby battery 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 mc band and the 152 to 174 mc
band, the Radiopak is ideally suited
for use in police cars, taxis, fire de-
partment vehicles, trucks, and three-
wheeled motorcycles.

DEALERS!
® WRITE FOR Kaar Corp. is a

mojor radioteleph
A ldalo manu'utluve: ::ll::;
CATALOG ON through authorized
ALL KAAR dealers. Write for
MOBILE complete informa-

tion,
EQUIPMENT

—— yAAD =——
RKAAB;

ENGINEERING CORP.

MIDDLEFIELD ROAD °* PALO ALTO, CALIF,
~

6

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 Crouse-Hinds Company. Syracuse
10. N, Y.

Rack-Mounted Oscillograph: Electrical
cquivalent of type 304-A is now available as
a rack-mounted unit, known as type 304-AR.
Requires 8% ins. of rack space. Full #-inch
deflection is obtained with inputs from .1 to
1,000 volts.  Frequeney response DC to 300
ke, Allen B. Du Maont Laboratories, Inc., In-
strument  Division, 760 Bloomfield Avenue,

Clifton, N. J.

Subminiature Resistors: Type 1106 resis-
tor 3/16 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 be used, but maximum resist-
ance is reduced. Tolerance to —.05% can be
obtained. The Daven Company, 191 Central
Avenue, Newark. N. J.

Signal Generator: Providing  continuous
| coverage on fundamentals from 125 ke. to 165
| me., model 202X AL Airline microvolt signal
generator is built specifically for aireraft radio

service and maintenance. Can be modulated
externally from 135 to 10,000 eycles. Accurate
[ calibration of frequency and output level is
claimed.  Crystal controlled and temperature
compensated. 11. D. Johnson, The Hickok
Electrical Instrument Company, 10330 Du
Pont Avenue. Cleveland, Ohio.

Portable Towers: A new line of aluminum-
alloy towers features very fast and simple
erection, extreme rigidity.  Towers up to 300
ft. 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-
I out turnbuckles or cable clamps. Up-Right,
Inc.. 1018 Pardee, Berkeley, Calif.

Components  Symposium:  Text of all
papers presenled 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 Dielectries: and Deviees and Materials
Copies can he obtained from the Symposium
headquarters al 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
170-me. band consists of the CMU-10A mobile
assembly, shown here; the CSU-20A desk con-
sole; and the CRU-20ACR and CSU-100ACR

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 Vietor, 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, and delivers 8 cubice ft. of air per
minute.  Universal mounting permits applica-
tion for spot-cooling or general circulation.
Temperature range is =55 to 4857 C; life
expectaney is 1000 hours.  llysteresis syn
chronous motor turns at 24000 rpm: I, 2. or
S-phase supply: source can be 6.3 volts at 60
eyeles or 26 volts at 400 eyeles.  Sanders
Associatles, Nashua, N. 1L

New Monitoradio: Model FMCI-L is a
crystal-controlled  fixed-frequeney FM radio
receiver for lrequencies between 30 and 50 me.
New unit replaces model M-31, which was a
tunable mobile receiver.  Sensitivity has been
increased to better than 1 microvolt. and

hand-width reduced, to make the new model
useful as an inexpensive supplement to exist-

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

Recently-issued  general

Continued on page 10

Audio  Catalog:
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the right move...

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

In the engincering industry, immediate direct
communications arc 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.

Telecommunications

CAMBRIDGE {7. ; | ENGLAND

P Y E LIMITED - CAMBRIDGE - ENGLAND

formerly FAM-TV Ravio CoMMUNICATION
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NOW You Can
USE a LOW COST
TRANSMITTER
DIRECT FROM
YOUR AC SOURCE

for Fixed Stations with

ELECTRONIC EQUIPMENT

MODEL "B”

POWER SUPPLY

Pat. 2500718

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 “B's”
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-
estry, pipeline and military radio
communication systems

Send for FREE
detailed Bulletin BCS654

Electro Products Laboratories
4501-Cb Ravenswood Ave.,
Chicago 40, IlI.

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

THIS MONTH’S COVER

The appointment of Rosel 11 Hyde
as 9th Chairman of the FCC has been
very favorably received by all the
communication services, and alfords
well-deserved recognition of his Tong
experience in this field. dating back to
1928, when he joined the FRC. My,
Hyde was born at Downey. Idaho. in
1900, He was admitted to the bar of
the District of Columbia in 1929, and
was general connsel of the ¥CC whes
he was appomted a Commissioner it
1946, While his present term runs to
June 80, 1959, his first appointment
as Chairnman runs only to May 1L
195k 1t is generally expeeted, how
ever, that he will be continued in his
present post after that date

2
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COMPANIES & PEOPLE

Voice-Radar Identification:  Expen
nee with marine radar has shown that
Hoean be used more effectively i com-
ination with 2-way phone communica-
tion.  Problem when two or more ships
wre within radar range is to know from
which one voiee signals originate. Iden
ification device called Radent. developed
by Sperry Gyroscope is heing tested this
summer.  Also cooperating in this proj-
T8 Coast Guard, FOC, Ray
theon, Radiomarine, Federal, Westing
house, Tropieal Radio. Esso Shipping,
Jansky & Bailey, Lake Carriers™ Associa-
tion, and National Federation of Ameri-
can Shipping.

et are |

Col. Edwin L. White: Chicf of FCC
Safety & Special Radio Serviees Bureau:
“The number of microwave systems is
growing.  There are approximately 60
svstems over 30 miles in length, in addi
tion to possibly 75 or 80 other systems of
1 or 2 hops only. The longest is that of
VTET. linking both coasts for television
and other  common  carrier purposes.
Over 25 are pipeline systems, and over 15
are electrie power systems. Eight pipe
line syvstems approximate or exceed 1,008
miles i length. The system under eon-
struction by the Bouneville Power Ad
ministration, largest of the eleetrie power
systems. will extend nearly 1,000 miles.”
Registry of Ship Radio Stations:
Members of the Comvivxicarion Ex-
aneerING staff who compile the listings
i revisions for our various Registries of
ommunication systems will start work
shortly on a Registry of UL S Saip Radio
Stations, This will include ocean-going,
onstwise, Great Lakes. and Alaskan
“hips,

Processing of Applications: FCC hLas
teduced time of processing applications

i the transportation service to a matter
of 10 days. Petroleum service, however,
ix building a backlog. with 302 applica
tions filed in June, only 16 grants
issued, and 673 still pending. Speeial in-
dustrial, most active service of alll re-
quires 214 months to process applications

RTCM Fall Meeting: Ruadio Technieal
Commission for  Marine Services  will
meet on October 19 to 21 at the Edge
water Beach Hotel, Chicago.  Technical
papers will be devoted to eleetronie and
navigational aids to  shipping on  the
Great Lakes and  inland  waterways.
Further information can be  obtained
from R. T. Brown. execulive seeretary.
Federal  Communications  Commission,
Washington, D, C.

List of Approved Transmitters: Now
published as an appendix to Coxinviexi
CATION  ENGINEERING™S revised Registry
f Public Safety Systems, now off the
press. This has been added beeause the
FCC's st of approved transmitlers is

Continued on page 1.3

MEETINGS and EVENTS

OCTOBER 2 - 11,
NATIONAL ELECTRONIC SHOW
Santa Monica Pier, Santa Monica, Calif.
OCTOBER 14 - 17,

AES CONVENTION, AUDIO FAIR
Hotel New Yorker, N. Y. C.
OCTOBER 19 - 21,

RTCM FALL MEETING
Edgewater Beach Motel, Chicago
OCTOBER 20 - 22,
COMMUNICATIONS SECTION, AAR
Hotel Plaza, San Antonio, Texas
OCTOBER 26 - 28,
RTMA-IRE RADIO FALL MEETING
Toronto, Ontario, Canada
NOVEMBER 2 - 6,

AIEE FALL GENERAL MEETING
Muelebach Hotal, Kansas City, Mo.
NOVEMBER 12 - 13,

IRE PROF. GRP. ON VEHICULAR COMM.
Hotel Somerset, Boston, Mass.
JANUARY 18 - 22,

AIEE WINTER GENERAL MEETING
Statler Hotel, New York City
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SPECIFY RCA 2-WAY
RADIO for dependability in
mobile communications.

AND REMEMBER, only
RCA can provide the nation-
wide service facilities of the
RCA Service Company.

"~
.A:‘;
A

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

Please send me your free booklet on:

0O RCA Microwave
O RCA 2-Way Radio

MICROWAVE

RADIO-RELAY COMMUNICATION AND CONTROL

Complete installation service

from survey to operation

For thoroughly dependable, 1009.-
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
assistance of experienced Microwave
field specialists. For successful in-

RADIO CORPORATION of AMERICA

COMMUNICATIONS BQUIPMENT

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
Regional Office, or mail coupon

below.

—t

CAMDEN, N.J.

formerly FM-TV Rapio CoMMUNICATION
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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 ke to 1500 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 JKOTE-115V Oven. Approximate
height above chassis, 2%,"”. Maximum di-
ameter of octal base, 13/”. Consult us on
specific applications.

JK STABILIZED G-12 CRYSTAL

For the "Difficult"” 500 kc to 1500 k¢ 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 requitements
for crystals of this advanced design.

THE JAMES
KNIGHTS COMPANY,
SANDWICH, ILLINOIS

NEW PRODUCTS

(Continued from page 6)

catalog No. 44 has just been revised; catalog
44\ now covers microphones, microphone
parts and accessories, and wire and tape re
cording heads. Shure Brothers, Ine., 223 West
Huren Street, Chicago 10, il

Emergeney AC Supplies: Up to 250 walls
of 110-volt AC power can be obtained from
24 or 48-volt storage batteries with types
5060\ and 5070\ emergency power supplies.
Rated load capacity is sufficient to handle

e e
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load of a 3-channel carrier terminal or re-
peater, or a low-power base station.  Auto-
matic transfer is completed within Ya 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 spees given in Bulletin
5060A-12, 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 A(
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. (-7, 2035
W. Charleston Street, Chicago 47, 1l

AC Generators: Two new HQ engine-driven
generators are rated at 10 and 15 kw., and are
intended for primary and standby power ap-
plications. Both are driven by $-cylinder
water-cooled Continental engines; fuel con
sumption is said to be less than one quart per
kwh. at rated load. Regulation is —+2%.
Available in all standard voltages, frequencies,
and phase numbers, housed or unhoused.
D. 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

10 CommuNication ExciNeerine September-October, 1953



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 1o 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- H d

tor. Last 8 digits of frequency desired are set d we
by switches; then dial is set to rough fre-

quency, and exact desired frequency pulls in b%t world eno%gb
and holds with excellent stability. 100-ke.

time-base oscillator is stable within .2 parts °

per million for any 12-hour period, or 1 parl ﬂnd tzme
per million per month. Readability is better

than 2.5 cycles. Northern Radio Company. | no one would need monitors but
N - 3 Yo\ c: N VY 0 o . .
Inc., 147 West 22nd Street, New York, N. Y. speed in communication is economy

Tubeless DC Supply: Nobatron MA6/15 and often a life and death matter.
DC supply, operating on magnetic amplifier

principles delivers 100 amperes at 6 volts (ad-

justable to 7.7 volts) or 75 amperes at 12

volts (adjustable to 15.4 volts). Regulation |

is 1% within rated variation in line and ; ‘>

load. Sorenson & Company, 375 Fairfield - & N \e 3

Avenue, Stamford, Conn. » ( &

; . \
W v a’
| ‘ \ ‘ ';‘m 7

Chief McMurtry and members of Sheridan. Indi-
MODEL PR9 FOR 152-174 MC BAND ana, Volunteer Fire Department with John Oakley
Vice-President of Midwest Fire and Safety Equip-
ment Co. who supervised monitoradio installation.

»8 Y

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

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-

into it.  Then, by merely throwing the toggle ment:
switch, the polarity of the connection can be “In the past, the largest obstacles
E-versfdl. \l’omunal)l‘llectroniés ﬁompany, 524 for our Volunteer Fire Department to
ast Sth Avenue, Yomona, Calif. overcome has been the method of de-
Standby Power Units: Described as “‘an en- termining t}‘le exact location of the
tirely new concept of communications standby fire and beating the traffic there. Speed
equipment,” Micro-Power AC generators of course is essential for the efficient
maintain continuous, uninterrupted service re- operation of any Fire Department.

g’ardless'of main source fluctuation or l'u:lure. Now, with the Town Police Radio
Production is now under way on 8 and 5-kw.

units; larger sizes are in development. Com- Base Statlon.located in the Depart-
plete information can be obtained from ment and with the use of 18 PR9Y
United States Motors Corp., Oshkosh, Wis. Receivers in the homes of our mem-

bers we not only learn of the fire

Foamed Rc:sm : Low-fionsnly plastic foams before the Town Siren is blown, but
made from XR1-543 resin have been found to

be highly resistant to thermal shock, and can LR an Y Ca:ses arrive at the fire
be foamed in place. Applications are those in before the equipment....We do not
which extreme temperature resistance without hesitate to recommend this Receiver
high compressive strength is needed, such as to any Department!

in vibration damping; electrical, acoustical, . . . .

and thermal insulation; and buoyancy units. Franchises available, write for infor-
Density is 10 to 14 lbs. per cubic ft. Com- mation.

plete processing information and specifications

can be obtained from Dow Corning Corp.,

Midland, Mich. (
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DC Beneh Supply: A dual-output service

bench DC supply, type 12R56D, is equipped RADIO APPARATUS CORPORATION
with un ammeter and a voltmeter. Output FACTORY—55 NORTH NEW JERSEY STREET
voltage infinitely variable from 0 to 8 volts INDIANAPOLIS 4, IND., PHONE: ATLANTIC 1624
at 10 amperes continuous or 20 amperes in- SALES OFFICE: 1604 WEST 92ND STREET
termittent; or 0 to 16 volts at 6 amperes con- CHICAGO 20. ILL., PHONE: BEVERLY 3-7770

Concluded on page 12
'
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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.

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-

oilelie
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 5 146
Los Angeles 31, California.

12

CANNON
PLUGS

Full-floating socket
contacts relieve
strain on contacts,
provide smoother
operation,

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' eadbell 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.

COMMUNICATION

SYSTEMS DATA
(Continued from page 4)
PiveLine PeTroLEUAM: 46 mobile and
3 base transmitters on 1.62 to 2.39 mec.,
£0 mobile and 2 base transmitters on 451
mc.; 1 relay on 75 me. 1 control trans-
mitter on 75 mc., and 2 on 436 mec.
Srrcian INpusTriaL: 30 mobile units
and 1 base transmitter on 2.29 me., 2 base
transmitters on 431 me.: 1 relay on 30
me., 3 on 73 me.. 1 on 153+ me., and 8
on 436 mec.; 1 control transmitter on 30
me., 3 on 75 me., 8 on 13+ me., and 14
on 457 me.
Forest Provvers: 1 relay on 451 me.,
1 on 956 me.: 1 control transmitter on
456 mc., and 1 on 959 me.
Taxicass: 100 mobile units
base transmitters on 132 me.

and 2

NEW PRODUCTS
(Continued from page 11)
tinuous or 1+ amperes intermittent. Nell-
resetting  overload protection is  provided.
. R. Mallory & Company, Inc.. 3029 E.
Washington Street, Indianapolis 6, Ind. In-
quiries should be addressed to W. H. Dunning.

Tubes & Components: Literature and tech-
nical data are available on the following:

CBS-Hytron, Danvers, Mass— A compre
hensive 8-page transistor manual is offered
free of charge. Theory, data, and application
(with specific eircuit examples) are treated in
an casily-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-3810, sharp-cutofl 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
ol Special Red type. 12AQ5, 7-pin miniature
beam power amplifier for mobile receiver out-
put stages, within ratings, electrically equiva-
wnt to 12V6-GT.

Radio Receptor Company. Inc., 251 W.
19th Street, New York 11, N. Y.— JAN type
INS1A germanium diode, in tapered case for
easy polarity identification.

Sylvania Electric Products, Ine., 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, expeeted later in
this year. Tetrode designed primarily for
switching and small-signal mixing and modu-
lation applications.

Texas Instruments, Inc., 6000 Lemmon
Avenue, Dullas 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-5S 312.

Transistor Products, Ine., 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-829, Box 284, Elmira,
N. Y-—A 47-page booklet, RU-020, gives
characteristics and ratings of over 300 Relia-
tron receiving tubes.

ExciNeering September-October, 1953



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
vards. Here again, the investment in
radio is being returned quickly by in-
creasing the work capacity of cach truck,
and by elminating 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. TIn such cases. a loud-
speaker of the reentrant-horn type.
mounted hehind 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
joh. This prevents arguments and aceu-
sations that the drivers are loafing. If a
driver must leave his truck. he reports
that to the dispatcher. and calls when
he returns.

Tneidentally. it is surprising to see how
many women are emploved to operate
the trucks. Reason is that women are
more careful!

Albert F. Watters: Vice president in
charge of personnel for RCA Vietor di-
vision: “Management is meeting the
problem of professional recognition in a
numbher of wavs. There has been a whole-
some revaluation of the hasis of engineers’
compensation.  One approach to the
problem is clevating outstanding engi-
neers to staff positions in which their
specialized talents will he given full play.
but which do not involve administrative
responsibilities.  This is a tangible recog-
nition. making possible incomes compar-
ing favorably with those at managerial
Another way is to designate out-

Continued on page 1}

levels.
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PUTTING MANY VOICES
ON ONE TRANSMITTER

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 installatiors of microwave systems
depended on '‘custom-built” carrier equipment— often an
expensive modification of telephons carrier equipment
designed for wire-line transmissior.

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, lenkurt radio carrier systems
multiplex from 4 to 72 voice channels for transmission over
any suitable radio equipment. Each carrier-derived chan-
na'is "toll quality” — it can be used by telephone companies
connected to the nationwide toll network as well as in
the privatz systems of ra’'lroads, pipe lines, electric uilities
cnd government agencies.

Radio channelizing equipment by Lenkurt, leading inde-
pendent manufacturer of telephone carrier systems, is used
with VHF and microwave eguipment of most major radio
manufacturers in both common car-ier and
private communications installatiors
throughout the world

)
()
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LENKURT ELECTRIC CO.

CALIFORNIA

SAN CARLOS 1,
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rely on AMPHENOL components
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COAXIAL CABLES

AwmpHENOL Cables are designed and
manufactured to meet the most exacting’
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.

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

see your @ distributor

AMERICAN PHENOLIC CORPORATION

chicago 50, illinois

Professional Directory

FRANK H. McINTOSH

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 tong 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. .\ third way is to name
such engineers to positions of prestige
outside the company, such as national

Land industry committees and agencies.”

|

Transatlantic Telephone: In 19038,
Prof.  Michael Pupin  expressed the
opinion that transatlantic telephone serv-
ice would not be economically successful.
His reason was that sueh service would
he 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 beeause of the 3-hour difference in
time between New York and London and
Paris.

IRE Vehicular Radio Group: Fourth
annual meeting will be held at Hotel
somerset, Boston, November 12 and 18.
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. .

Julius G. Aceves, 1888-1953: Passed
away in New York City on August 17. A
native of Mexico City. he was gradunated
from Columbia University in 1913, con-
tinuing there as an assistant to the late
Dr. Michael 1. Pupin until 1927. The
following yvear, he joined Ernest Amy and
Frank King in organizing the firm of
Amy, Aceves & King, specialists in the
design and installation of master antenna
systems.

Concluded on page 15



Professional Directory

Jand/ey gfgaiﬂfy, jnc.

Consulting
Radic & 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.
1605 Connecticut Ave.

Dallas, Texas
4212 So. Buckner Blvd.

JOHN D. TRILSCH CO.

TOWERS for
RADIO ® TELEVISION
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COMPANIES & PEOPLE
(Continued from page 14)
Point-to-Point on 460 Mec.: First li-
cense for a -160-me. point-to-point sys-
tem was granted to the Swan Rubber
Company, for use hetween 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 47 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 hack in
Chicago, is heading up the National Bus
Communication Committee, with oflices
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 Utilities
Network to operate a communication
system on hehalf of five power com-
panies.  System  will extend  through
Arkansas, Mississippi and Louisiana, and
will be comprised of 16 repeaters and
terminal stations. The participating
companies are already licensees in the
industrial service.
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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

TYPICAL OPERATION
Class-B Linear Amplifier—Television Visual Service
(Per tube, 5 mc bandwidth, 216 mc.)

Load Impedance 650 ohms
D-C Plate Voltage 7000 volts
D-C Screen Voltage 1200 volts
D-C Control-Grid Voltage —150 volts
Peak

Sync Level Black Level
D-C Plate Current 6 4.5 amps
D-C Screen Current 230 100 ma
D-C Grid Current 90 45 ‘ma
Peak RF Grid Voltage 280 220 volts
Driving Power 500 300 watts
Plate Power Input 42 32 kw
Plate Dissipation 16 16.5 kw
Useful Plate Power Qutput 26 15.5 kw

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 obout 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 L
EITEL-McCULLOUGH, INC., sAN BRUNO, CALIFORNIA
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COMMUNICATION REVIEW

LTHOUGH it has not been finalized at this time of writ-

ing, it is certain that FCC assignments in the band from
150 to 460 me. will follow a new plan which has not been em-
ploved previously. Each of the five services to occupy this
hand will have two widely-separated groups of channels. The
lower group of cach 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
Bask & MosiLe MoniLe OxLy

450,05 +50.55 455.05 455.55
50,15 150.65 435.15 455.65
+50.25 13055 1455.25
130,35 150,85 1455.35

155.45

+55.95

+50.95

INDUSNTRIAL SERVICES
Base & MosiLe MoniLE ONLY

E50. 45

151.05 L5155 156.05 156.55
3115 k3 1.65 456.15 £56.65
3125 3175 156.25 156.75
451.35 151.85 £56.35 +56.85
ISy B 15 1.95 43645 456.95

LAND TRANSPORTATION SERVICES
Bask & Mok MopiLe ONLy

152.05 132.55 £57.05 ]

452.15 152465 457.15 157.65
£32.25 £32.75 157.25 5755
152,35 152.85 13735 457.85
£52. 15 132,95 L5745 457.95

PUBLIC SAFETY SERVICES
Basi & MoniLe MopiLe ONLy
£33.05 £58.05 158.55
153.15 158.15 £58.65

4533.65

153.25 153.95 £538.25 158.75
133,35 £33.85 +58.35 458.85
33,43 £33.95 138,15 +58.95

DOMESTIC PUBLIC SERVICES
Base & MoniLg MosiLe ONLY

k> E0S 15455 159.05 £
LNEN B 45165 159.15 159.65
k5425 15195 +59.25 459.95

15 135 3 18D 159.35 159.85

3RS 15495 459.45 459.95
Y mosie T DOMESTIC. PUBLIC S |
[77) ease PUBLIC SAFETY 4 N
e Lanp TRANsPoRTATION — £ T
INDUSTRIAL Y
I AEMOTE BCST PICKUP JTX Y
oA AAnDS FOR BASE & MOBILE TRANSWITTERS MECACTELES o e g

RELATIVE SPACINGS OF FREQUENCY GROUPS FOR THE 5 MOBILE SERVICES

Under this arrangement, systems using the same frequency
1o lalk out and to talk back would be assigned to a channel in
the lower group. Those using one frequeney to talk out and
another to talk back would be assigned one channel in each
group. The groups are separated sufficiently to permit simul-
tancous transmission and reception without interference. This
advantage in speeding message traffic is not generally available
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on VHF becaunse, even when two channels are assigned to one
system they are so close, in most cases, as to make duplex op-
eration impractieal. It will be very interesting to observe the
results under operating conditions of this effort by the Com-
mission to effeet an improvement in allocations to the commu-
nication services on 430 to 60 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
13, revisions in its Tariff F.C.C. No. 134 (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 for 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 Com-
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 Telephone Company.

“Today the Telephone Companies are in a far better post-
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 Com-
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 commitlees representing the power and pipe line
companies, ax 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
Ielephone Company facilities,
briefly summarized as follows:

“Where a power or pipe line company wishes to have the
Telephone Company do the full communications joh, 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 disposilion of existing
privately-owned facilities, the Telephone Company will pro-
vide additions and extensions to, and will conneet with, such
privately-owned facilities during the interim period, including
exchange and toll connections,

These arrangements may  be

“Where 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 tariff modifications recently filed cover these revised
connection arrangements applicable to power and pipe line
companies.”

The tarifl referred to above does not set forth any specific
requirements or performance standards, but it covers that suh-
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 cirenits or channels, or
impair privacy of conversations over such circuits or channels.
In cases in which additional protective equipment is required,
this shall be 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 of sources of power to which it is connected.

“The Telephone Company may, upon suitable notification
to the customer, make such tests and inspections as may be
necessary to determine that the above requirements are being
complied with in the installation, operation, and maintenance
of customer-owned equipment. The 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.”

T\\'() papers ol microwave systems, now in course of
preparation for Coxivrexicariox Exaixeerinag, will merit spe-
cial attention from readers concerned with system engineering.
One will deseribe 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,
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MIDDLE SOUTH MICROWAVE SYSTEM WILL SERVE FIVE POWER COMPANIES

The second paper will detail the system planning for the
new $500,000 microwave relay to be installed by Gulf States
Utilities and 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 40 unattended substations will be operated by remote
radio control.  The accompanying map shows the extent of
the system.

OI"FERS by the Telephone 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 publie safety and other special serv-
ices.  Suech proposals have aroused strong opposition partic-
ularly among supervisors, chief engincers, and 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.  1f 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
ol loss of employment.

There is, however, a tolally different reason why cach
public safety, industrial and transportation radio system
should be operated independently.

Presumably., strikes against the Telephone Company would
affeet the radio communication systems.  In such an event,
police protection of lives and property. and the operation of
publie 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, unatl-
tended, and highly valnerable transmitters. Public utilities,
pipe lines, and industrial systems are using radio to an in-
creasing extenl 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*

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
laxicabs 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 would 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 2%-
hour load of one half 25,000 calls per day were taken as repre-
sentative, this would still mean over 300 calls per hour, or al-
most 10 calls per minute.  Since peak loads could be easily
double the average hourly rate, it hecame apparent quickly
that this would be no ordinary radio system. One base sta-
tion could not hegin to handle such an amount of traftic. 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 with simultaneous access to the
radio facilities without mutual interference.

Working closely with cab company officials, we divided the
cily 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 traflic 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.
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pected from population shifts and the increased business ac
cruing because of the advantages of taxi dispatehing by radio.

After many changes in the quantity of zones and shifts in
zone boundaries, the arrangement shown in Fig. 1 was made.
It can be scen that cight zones are utilized and that three
425-me. 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 operaling on the same channel are always
separated by a zone operating on a different channel.

Two requirements were given grealest importance in the
development of the zone system: first, complete coverage of
cach zone by its associated transmitter; second, minimum sig-
nal overlap between common-channel zones. These require-
ments are virtually in direct wpposition. A certain amount of
overlap in one zone from another same-channel zone could he
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.
Sven 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 i 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
+ or 5 city blocks by changing antenna elevation + or 5 feet.

While this discovery solved a lot of problems, cach 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-dircctional
antennas are used at elevations of 60 to 110 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 1.4, and 5 all intersect in the loop arca of Detroit.
There are many tall buildings which produce propagation
shadows. For that reason the zoue 5 transmitter is located as
shown on Lthe map, at an clevation of some 300 feet. Overlap
into zones 2 and 8 occurs lo 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
ases of zones 1 and 4, no structure of comparable height ex-
isted in zone 1 although one was available and used tem-
porarily in zone 4. In either event, antenna elevation would
have increased overlap difficulties, particularly from zone |
into zone 7. The final decision in the cases of zones 1 and +
was lo locate both transmitters at the top of the 100-foot
David Stott Building, located at the center of the loop dis-
trict.  These transmitters excite yagi antennae trained down
the centers of the respeetive zones. Fach yagi is equipped with
a vertical V-shaped metal sereen, to minimize leakage in back
and 1o the sides of the array.

City-Wide Transmitters: In off-load periods such as the
carly-morning hours, when traflic can be handled by possibly
2 or 8 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 transmitlers, one on each of the three
channels and each capable of c¢ily-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 + transmit-
ters are located.  Siluating the city-wide transmitters at the
same location with two zone transmitters was permissible since,
by the nature of the dispatching technique, the zone trans-
mitters would not be used when the city-wide transmitters were
in use, and vice-versa.  However, the roof of the Stott Build-
ing shadowed the channel 1 signal in the extreme northwest

FIG. 3. ONE OF THE 450-MC. MOBILE INSTALLATIONS IN THE SYSTEM
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FIG. 4. ROOF-MOUNTED MOBILE WHIP IS LITTLE MORE THAN 1 FT. HIGH

corner of the eity. This problem was avercome 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 w provide three
methods of vperation: single-frequeney coverage of the city on
channel 2; east-west coverage on channels 1 and 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 lemporarily 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 ander city-wide
cperation.

Equipment and Operation: The zone and city-wide trans-
mitters are housed in 3t and 68-in. cabinets respectively. They
are remotely controlled via Jeased two-wire lines from the cein-
tral dispatching office, but can be operaled lecally by serviee
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 transmitler-
receiver cabinet can be seen in Fig, 2.

As required by the FCC, automatic instantaneous peak lim-
iting circuits prevent deviation in excess of = 13 ke. or any de-
sired value below = 15 ke.

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 are required. LEach 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 simultancously.  Change of frequency is not
accomplished by erystal switching, but by activating separate
erystal-controlled oscillators through grounding the cathode of
the desived oscillator.  Fig. 3 shows a mebile installation in a
taxicab luggage compartment.  Mobile antennas are short
whips mounted on the rooftops, Fig. .

[n practice, each driver ix given a zone map similar to that
shown in Fig. 1 so that he will become acquainted with the
zone houndaries and will use the proper channe! corresponding
to 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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sitate & minimum of channel switching in the cabs when trav-
cling down most main streets or avenues.

As traflic loads decrease from a peak period when the
zone system has been in use, and the intent s to shift to one
of the three modes of city-wide operation. each zone dis-
pateher broadeasts a general call to that effeet 1o all eabs under
his control. A similar procedure is followed for any other
mode shift.

Considerable study was devoted to the dispatching and
remote-control facilities associated with this system. In addi-
tion to providing normal swilching 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 traflic changes. Fig. 5 shows the dispatch-
ing table layout in its final arrangement. Tt can be seen that
position -+ is the master position, at which one dispatcher can
control one city-wide and all cight 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-

[ mexer |
FIG. 5. A DIAGRAM OF THE | “ChvEr™R
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ing when positions 2 and 8 are in use, ouly one zone transmitter
can be controlled at these positions.

At all multiple positions the dispateher has a turret before
liim on which appears an upper row of green lamps.  These
light upon receipt of a call from a eab, so that the dispatcher
can tell in which zone the cab is located at the time. Rectified
audio from the received eall 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.
G and 7, respectively.

Below the green lamps are receiver selector pushbutton
switches. The dispatcher ean 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-
lions.

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 buiton can be depressed at a time, since
ach 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 52-AW operator’s headset and wicrophone, 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 cach position makes it
possible for cach dispateher to regulate the earpicce volume to
suit his own hearing acuity.  Foot switches are used to key the
seleeted 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 carricd by conveyor to markers, who distribute them
to the radio dispatchers according to the zone in which cach
call is to be serviced.

The remote-control units proper are located in a separate
room. Eleven units, one for cach transmitter in the system.
are mounted on an open rack adjacent to the leased line termi-
nations.  Spare unils are available to replace quickly any re-
mote chassis in case of trouble,

Cables connect the remote-control chassis to the dispateh-
ing table and are 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 he redisposed at the various positions to
meet any future changes in traffic and dispatehing 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 the equipments
are available.

As is the case with almost all such systems when initially
installed, the servicing problem was severe during the first few
weeks of operation. Any latent defeets in tubes, vibrators, or
However, after such a
break-in period the servicing became a matter of periodie fre-
queney cheeks and preventive maintenance.
though this system now has equipments in serviee for almost
two years, the maintenance problem has turned ont to be much

other components showed up then.

In fact, even

simpler than expeeted for 450-me. equipment.

Ax an example, the transmitters all use ANX-9903/5891.\
tubes as tripler-amplifiers and power output tubes. Certam
doubls existed as to the life expectaney of these tubes, partie-
ularly in mobile service. Tt has been found that they are much

C'oncluded on page }1
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HIE Central Vermont Public Service Corporation installed

a two-way radio system in the summer of 1946. This
company serves the state on both sides of the Green Moun-
tains, as shown in Fig. 1. and some sections of New Hampshire
along the Connecticut River. Sixty-watt remotely-controlled
fixedd stations were installed at Bennington, Cavendish, Bethel,
and Bradford, Vi., and at Claremont, N. H. The system is tied
together by a 230-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 Vermont's territory.

Day-to-day operations consist of directing trouble and con-
struetion erews, 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 June,
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.

Surveys and Procurement: Plans were made to establish a
250-watl 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 Engincer, Central Vermont Public Service Corp., 121 West Street,
Rutland, Vt,

Construction of a Mountain -Top

Remote Base Station

OPERATING EXPERIENCE REVEALS FACTS OF LIFE
ABOUT REMOTE TRANSMITTERS-By H. V. CHURCH*

Valley. Although a temporary station in Sherburne Pass at
2,190 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
21/ miles on snow up the Long Trail with a horse and hohsled.
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. Tt 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, 8 miles above Fairlee, Vi. The road there
is at the base of a 500-ft. cliff, cutting off completely any view
toward Pico ++ 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 hetween 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 I'ico was needed if the CVPS system were
to be tied together reliably under all conditions. Preliminary
plans were drawn up for a station which would be remotely
controlled from Rutland by land-line over a distance of 12
miles. This required the construction of 214 miles of company-
owned telephone line from the road at Pico Ski Area to the
summit, 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 carlier
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 hox at the base of the
tower, which would he 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
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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 antumn 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 1o two hours elimbing 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 disconneets 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 — 214 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 a1 2,300-volt ungrounded system: two 2.300/110-volt trans-
formers were nstalled back-to-back to obtain 2,300 volts
grounded for the cable, which was connected to a suitable
step-down transformer on the summit. .\ 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, entatling 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 proteetion 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 eable.

The two-wire control c¢ircuit worked out quite well for a
vear or so, then troubles began to appear in the form of leaks
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to ground. These caused an unbalance which produced a 60-
cvele hum on received and transmitted signals, Fyentually
they resulted in enough leakage so that the DC control volt-
age necessary for relay operation dropped below the eritieal
value, and Rutland was unable to put the station on the air.
The upper 34 mile of cable was laid in very rocky ground: the
leakage was apparently eaused either by the frost action grind-
ing the cable between rocks (with which it was mostly cov-
eredd) 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 cireuit. radio relay equipment in the 72 to
76-me. band was installed.

Station Facilities: The building erccted 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. + shows this clearly.  The
roof is double-boarded to withstand falling ice from the an.
tenna mast. In 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-
lving 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, n network of guy-wires 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 hy
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 emergeney power to the station. Tt starts automatically
if the power from the cable fails. This 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 huilt in Rutland as sections
which were assembled on the Peak. The framework i of 2 by
2-in. pine covered with masonite. Fig. 5. Rock wool was used
for insulation. The house has a door at cach end with fixed
Jouvres, behind which are a wire-mesh inseet sereen and mov-

FIG. 6. VIEW OF GENERATOR SHACK THAT SHOWS VENTILATING LOUVRES
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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 707 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 =et up on
legs so that it will be more accessible in the snow season.  The
motor-generator, its 28-volt starting 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 eireuit
is connected to key the reday transmitter and modulate it with

an 800-cyele tone for five seconds every five minutes, indicat-
ing that the station is on auxiliary power. The plant will op-
crate the station on an emergeney 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
cither an exhaust fan or larger ventilators are needed. At
present an arrangement has been made with a State employee
who occupies a camp nearby, to open the doors of the gener-
ator house when necessary.

Tools and equipment kepl at 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 hlow torch, a saw for cutting firewood or making
repairs, a dirt shovel and a snow shovell an axe. a digging
bar. hardware guy wire and elamps. a spare 10-kva trans
former, cutout. and lightning arrestor. and a few items of
spare clothing.  There are a tube tester-analyzer unil, spare
tubes. fuses and small components. replacements for all re-
lays, front-end transformers for the receivers, % and 7x-in
flexible coaxial cable and fittings. antennas. whips, and mount
ing hardware.  In case it becomes necessary to maintain a
erew 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 electrie eirculating 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 headqguarters. The dispatching office in
Rutland was under water and. without a radio control unit or
power with which to run it, communieation 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. The station was on emergeney power for five days. dur-
ing most of which time the traffic averaged two messages a
minute.  The motor-generator et 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 erews from other divisions and co-
ordinate the work of restoring electrie serviee 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
swepl northern New England and attained the proportions of
the worst hurricanes, but did not originate over the ocean and
accordingly was not expeeted 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 and clean-up periods, FN
radio was the only communication facility available to CVI’S
and it was used to the utmost. The rural distribution line
from our East Pittsford generating station, which serves the
-able 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. T and 2 emergency antennas were
arried away., Two men were sent to try to keep the station
on the air. No. 2 emergeney antenna, consisting of a maobile
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 emergeney power. During
the night even the mobile whip carried away. and it was nee-
essary to replace it al 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 heeame warmer the ice on the mast began to fall off, with
several large masses landing squarely on the roof of the build-
ing. The emergeney dipole antenna, which is on an 18-ft.
length of pipe. was let down and the whip was replaced. This,
of eourse. gave the station much better coverage. On the
28th the station was still on emergeney 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 CVPS 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 nsed at that time for the relay
receiver. The hroken dipole and its elamp are shown in Fig. 8.

formerly FM-TV Rapio CoMMUNICATION
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Perhaps the biggest problem in maintaining this station
Has been that of keeping antennas up during the winter. We
are of the opinton that the combination of high wind and
heavy icing is too mueh for any commercially-available an-
tenna.  While some antennas are guaranteed for %% in. of clear
ice loading and 100-mph. wind veloeity, and will undoubtedly
stand it. the specifications for this elimate and altitude should
be 10 ins. of rime ice loading and 200-mph. wind velocity, with
Winds
in excess of 200 mph. have heen measured on Mt. Washington,
N. I, which ix about 2.000 ft. higher than the highest of the
Green Mountains: ice coatings of 10 ins. oceur frequently at
1000 ft. Rime iee builds up during a storm to great thickness
on one side. Then. the wind shifts as the storm clears. and
the sail area presented hy this jce causes too great a wind
foad 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
aur undergronnd phone line, and repairs were slow. Tt was
finally decided to install 72 to 76-me. radio relay equipment.
Two frequencies are used: one receiver on the mountain op-
erates a squeleh relay which keys the main transmitter, and
the main station receiver has a squelel relay which keys the
velay transmitier to Rutland.

At first it was believed necessary to use directional an-
tennas for the relay, Two heavy brass Yagis, vertically polar-
ized, were placed at the ends of a 13-ft. pipe. which was rigged

a suitable safety factor for gusts and metallie fatigue.

as a yardarm about 25 ft. up the main mast. The Yagi an-
tennas would presumably permit us to operate at the lowest
possible power and help to obviate possible television inter-
ference to Channel 4. Whan the equipment was first ener-
gized it was found that the frequeney assigned for reception at
Pico was being used by a New Hampshire system. with several
mountain-top stations. The Utility Radio Association of New
England, the frequency-coordinating group for our service, has
all it ean do to keep the base station and mobile frequencies
aneder 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 35

FIG. 8. FORCE OF STORM WAS ENOUGH TO BEND DIPOLE AND WARP CLAMP
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N1 Carrier Equipment Design

DESCRIBING FEATURES OF N1 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-
phone field and adopted radio as an accessory means of trans-
mission. More recently, radio manufacturers have borrowed
telephone-circuit techniques for remote controls and multiple.r-
ing. The N1 equipment, deseribed by Mr. Steeneck, while it
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 gaing have been
achicred, it should be noted, as part of a program lo increase
reliability and to reduce the duration of outages.—FEpiTor.

basically new approach in telephone equipment design

has been introduced in the development of N1 earrier.
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
common framework to form a complete system terminal or re-
peater assembly.

Thix 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
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
able carrier system sufficiently low-priced to permit wide-
spread use on short routes formerly outside the cconomie range
of carrier facilities.

Use of aluminum die castings instead of fabricated designs
for the relatively complex chassis required. and the new

*Transmission System« Development, Bell Telephone Lahoratories, 463 Wedt
Street New York 14, N,
Laboratories Record.

This text appeared originally in the Bell

method of assembling piglail components are large factors in
the reduction of assembly and wiring costs.  The advantages
of aluminum die castings, in addition to the cost reduction
factor, include dimensional uniformity, which provides inter-
changeability of parts; light weight. so essential in a plug-in
design; chassis of complex construction that would not other-
wise be obtainable; and the incorporation of equipment iden-

tifications in the dies, thereby eliminating subsequent stamping
or adding this information as a separate operation.

Mountmg of pigtail components, such as resistors and ca-
pacitors, ix 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 40 or 30 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 defeetive unit ean 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




trally located maintenance center for repairs. At these main-
tenanee centers complete tools, testing equipment, and expe-
ricneed 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.
completely assembled, wired, and tested in the <hop. and it is
terminated in plugs and jacks to provide ready assembly into
a complete unit.

It was realized from the beginning that the use of compact.
miniaturized construction would intreduce 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
serions problem in this respect. In these installations, blowers
are provided at the hottom of the racks, with ducts to carry
the air up each side of the rack. These 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
the faces of the chassis, and non-heat producing and heat sen-
sitive apparatus at the rear. Teat-producing apparatus has
also been arranged to permit the natural flow of heat from
floor to ceiling to he as unimpeded as possible.

Plug-in units consist of the channel, group. and repeater
wmits. Twelve channel units are required for each N terminal:
these are all identical except for the receiving filters and the
erystal 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-gronp fre-
quencies. there is a high-group transmitting unit (HGT) and
a low-group receiving wnit (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)Y. "There are two types of repeater nnits,
the high-low repeater (H-1) which receives high group fre-
quencies from the line and modulates them with 304 ke, to
Jow-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 east subassemblies: 1) the compres-

Cach subassembly is

FIG. 6. COMPONENT SUBASSEMBLIES OF GROUP RECEIVING UNIT, USED AT A TERMINAL THAT TRANSMITS A HIGH GROUP

FIGS. 4, LEFT, AND S, RIGHT: GROUP RECEIVING UNIT AND A REPEATER

sor. or voice-frequeney  transmitling subassembly; 2)  the
expandor, or voice-frequencey receiving subassembly, and the
signaling equipment: and 3) the carrier frequency subassem-
bly. The first two subassemblies are identical for all channels
and are now wired and equipped so that they can be used also
for channel units in the type O 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. 8.

Transmitting and receiving group units combined contain
the transmitting and receiving amplifiers. the group modulator,
which can he used either in the transmitting or receiving
branch. the signaling oscillator, and the carrier alarm cireuit.
A single group unit consists of a combination of three of the
following die cast subassemblies: 1) high-group transmitting,
9) low-group transmitting, 3) high-group receiving, 4) low-
group receiving and 3) oscillator. The oscillator subassembly
contains the 304-ke. carrier oscillator and the 3,700-cycle
sienaling oscillator. 1t can be plugged into a low-group trans-
mitting subassembly or a low-group receiving subassembly,
the comhination bheing 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 frequeney band is received directly
from the channel units. With their individual cevers, 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 H-L and L-H repeaters cach consist of three sub-
assemblies. In the H-L repeater a West-to-East high-to-low
amplifier and modulator subassembly, and a similar East-to-
West subassembly. are plugged into a common 30:4-ke. oscil-
lator and voltage regulator subassembly, all mounted under
a common cover. The LI repeater is similar to the H-L

AND RECEIVES A LOW GROUP
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repeater except that the amplifier and modulator subassemblies
are designed for low-to-high conversion instead of high-to-low.
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 ecircuits.

Installation, therefore, only requires making the outside
connections and plugging the proper units into their asso-
ciated jacks. Channel units for channels 1 to 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 hottom 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
1115-ft. bay.

Reveaters are designed to mount four across a 19-in. relay
rack bay. The jacks which the repeaters engace. instead of
being located on the mounting framework are assembled on a
dic-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 N1 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 P/Jilosop/oy Underlyi;zg the Regulafion of

Satety and Special Radio Services

PART 2:
GREAT EXPANSION

It is clear that recommendations from industry groups
assist the Commission’s stafl 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
arca 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 field
investigation and perhaps not even then, as sometimes thes
Jealousies are not obvious.  Although the sharing patlern 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. 1f 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 cither need not be sent at all, or could be sent
by means other than radio, he is depriving someone else ol
the opportunity to send necessary traftic.  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 eflicient 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
thie radio speetrum {o obtain utmost efliciency 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 slruggle
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 heing
infringed by wasteful operating practices of others ~haring
the same  frequencies.

The responsibility for clearing up

*Chief Safety and Special Service Bureau, Federal Communications Com
mission, Washington, D. C.

formerly F.M-TV Rapro CoMMUNICATION

WHILE POLICIES REFLECT PAST EXPERIENCE, THEY ANTICIPATE
AND TECHNICAL PROGRESS — By EDWIN L. WHITE*

situations of this kind lies best in the hands of the licensees
themselves.  The problems faced by industry are 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 counsider of crucial importance,
and would emphasize other matters which, as far as in-
dustry is coneerned, could be eliminated entirely.

The 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 and 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 cases,
to minimum skill.

The Conmmission has an essential responsibility with re-
speet to progress.  The communication industry is relatively
voung, 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. The Commission has specifie responsibility  to
maintain close contact with those industries using communi-
cation as well as those developing communication devices so
that the new technigues can be applied most effectively to the
communications problems of the people of the UL 5,

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
praclices were strictly from the erystal ball. Even the best
educated guess can be wrong.  As a result of the evidence
before it at the time of service initiation, the Commission
may have been cither too strict or too liberal in its rules
preseribing 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 oceurs, To meet these
situations the rules must be changed.

For example, at one time 500 ke, was authorized to ship
and coast stations for all purposes.  As the number of radio-
equipped ships inereased, it was restricted to calling, distress.

Continued on page 42
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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*

OR the past several decades electronic-equipment installa-

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 coeflicients 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 0.00019%, over a temperature range of 10 or 20°C.
Such a unit would 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 Koga! in 1936. He
employed two crystals of about 4,860 ke., 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 +8.7 X
1078/°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°6/°C. A scarch of
the literature failed to reveal any further investigations along
these lines by Koga or any others.

Simple Theory: Considering the case for two erystals in par-
allel, as in Fig. 1 where L, C. R, and La. Ca, R, represent the
inductance, capacitance, and resistance of the motional arms
of the individual crystals, and C, represents the sum of the
crystal static capacities plus the eireuit capacity, the frequency
of operation can be approximated.

If terms in the impedance equation containing resistance are
neglected, as they can be for erystals in the 5 to 15-me. range,
it can be shown that the frequencies of anti-resonance are given
by
1) = ((ma2 + w2,2) N §(01a® + w2a?)?

2 \ 4

1 1
AR
- l“la2‘“"2r2 + erz“’2al wlr2\-’2r2],' )
where wia, wir and wza, wer are the anti-resonant and resonant
frequencies of crystals 1 and 2, respectively. It should be noted
that the anti-resonant frequeney of each crystal should be
measured with the entire value of Cy across it.

*Naval Research Laboratory, Washington 25, D. C.
'Koga, 1., ““Notes on Piezoelectric Quartz Crystals”, Proc. IRL, 24:510-531,
March, 1936,
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The case in which two erystals 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 erystals 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 Cy as the frequency is increased beyond this range.

w2r

Reactance vs. Frequency Response: Figs. 2 through + are
reactance us. 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 erystal units differ
in nominal frequency about 6 ke. 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.

From 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 ohtain either frequency. s 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 300 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 coineident.

Two different erystals of the same nominal frequencies as in
Fig. 3. but having greater separation in series resonant fre-
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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 series 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 ditference
hetween series resonant frequencies is about 400 eycles; 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-frequeney crys-
tal increases from its series resonant value it approaches in
magnitude the negative reactance of the higher-frequency umit.
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 and
opposite, and then becomes a maximum in the negative direc-
tion. Where the lower-frequeney erystal reaches its anti-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
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FIG. 5. INPEDANCE AND ADMITTANCE OF RILIC), FIG. 6, SAME, Ct ADDED

in reactance for a given change in frequency in the region of
anti-resonance.

Graphical Analysis: A\t frequencies above 15 me., the effects
of the series resistance and the shunt capacity of the erystal
hecome 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 13 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 «? with cumbersome coeflicients. 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 cirele diagrams used in circuit analysis, has
been deseribed by Cady 2.3 and the following discussion is based
in part upon his work.

Referring to Fig. 5, let AB represent IRy, the resistance of
erystal No. 1in Fig. 1L If the radius of the eirele is py, then
(3) S ;:l ohms /unit distance.

Reactance is plotted along the perpendicular to AB through
B, with inductive reactances above BB and capacitive reactances
Cady, W. G., Piezoelectricity, McGraw-Hill Book Co., New York, 1946,
3Cady, W. G5, “The Application of Methods of (Geometrical Inversion to the

l%)};tion of Certain Problems in Electrical Resonance,” Proc. AAAS, 68:383-400
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below. In Fig. 5, BS represents an inductive reactance given by
(4) X; = s X BS ohms,

where X, is the reactance of 1,Cy. The impedance of R,1,C,
is then

(3) Zy =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 cos 0
6 Y, = =0 = g, cos 6,
(6) 1 7 R, Zor COS

where Y, is the admittance of R;L,C,, and g is the condue-
tance of R,L,C; at the series resonant frequency, which is
given by
1
(") go1 = R,
But Equation 6 is the polar equation of a cirele with the diam-
cter given by Equation 7. By letting AB represent 1/R, at the
series resonant frequency, the admittance scale value is
1

()
@®) T OAB T 2R,
Clearly, the circumference of the circle in Fig. 5 is the locus of
Y, = 1/AS as the frequency varies. The expressions for ad-
mittance, conductance, and susceptance are given by
(9) Y, = sy X AP,

mhos unit distance.

(10) g1 = sy X .AM,
and

an by = sy, X MP,
where

(12) Y, = g — jbl-

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) fo — 11 = o X BS cycles,
where

R,
87”)1111
fo is the series resonant frequency of Ri1,Cy, and fy 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. 6 the admittance of Cy, the total shunt capacitance, is
represented as AF where
(15) Yi = juy = sy X AF.

F is now the origin for the network consisting of Cy in parallel
with R,L,C,, 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. 6 reveals very

(14) g - eyeles /unit distance.
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FIGS. 8 THROUGH 13. CRYSTAL STABILITY SINGLY AND IN PAIRS

clearly the effects of variations in the shunt capacity upon the
frequency of the erystal. It is apparent that the series resonant
frequency is increased with an increase in the value of C,. the
limiting value being that at which

(16) A =

: !
ohms.
2R,

The change in series resonant frequency given by %/, Fig. 6,
. . 5 : . .
is quite small, as can be seen from Equation 14, The anti-reso-
nant frequeney would be that given at 8" if the veetor through
AP were extended. and decreases with an increase in Cy. The
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frequency of minimum impedance is that obtained at 8’ and
the frequency of maximum impedance is that represented by
the intercept of the vector through AP’ and the frequeney
scale,

The effect of adding another RLC chain, i.e., another erystal.
in parallel with R,L,C,C, can now be observed. The situation
that abtains with R,L,C2 in parallel with R,L,C,C, is repre-
sented in Fig. 7.

Since, as shown in Fig. 6, F is the origin for the admittance
vector for R,L,C,Cy, the admittance vector for Rol,Ca 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 Pz, the radius of the admittance-im-
pedance circle for R2LsCy, so that the same value of sy is ob-
tained. This presumes that R,, which can be easily measured,
is known. The dotted cirele in Fig. 7 is the locus of all admit-
tance vectors of Ryl.oCs. The admittance vectors GIF and HE
are those which would make the entire circuit a pure condue-
tance at the frequency corresponding to the reactance BS. For
this arbitrary choice of frequency, which is slightly above series
resonance for the RiLiC((y combination, admittance GF re-
sults in a total admittance GP’, and HF in a total admittance
HP.

Admittance HF is that of a erystal 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 erystal as was obtained in the discus-
sion of 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 erystal. An unstable composite frequencey would
be obtained.

Admittance GP is about twice that of either crystal alone.
This is analogous to the situation deseribed in the discussion
of 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 series resonant
oscillator because. even though the impedanee 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 &/ the admit-
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tance of the first crystal unit plus the susceptance AF is repre-
sented by FP’. The same values of admittance GF and HF for
the second erystal 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. .\ 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 A'T-
cut erystals of the same nominal frequencey (3 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’.

Installation of

Buried Cables

HOW CABLES, GROUND WIRING CAN
BE BURIED EASILY-By GERALD W, LEE*

INS’I‘ALI,;\'I'I()N of buried cables or ground systems is an
extremely diflicult task in rongh or wet ground, unless spe-
cial methods are used.  In level ground that has been culti-
vated no difficalty 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 eircumstances ne-
cessitate different installation methods, one of which is outlined
here.

Rulldozer Plow: On the site of a newly-construeted station
there is usunally 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. When the blade is lowered and
the bulldozer driven forward a narrow trench is dug: wire or
‘able is fed into the trench automatically, and the trench i
filled in by the bulldozer treads as they pass over it.

The shear parts can be cut from 33 to 1-in. sheet steel and
welded together. The bottom shoe. as Fig. 1 shows, keeps the
shear from digging in too deeply, and the brace of + by 1-in.
steel holds the shear firmly in place and supports the welds
.p

Professional Engineer, Canada Heuse, Trafalgar Square, S. W., London.
England,

formerly FM-TV Rapio ComymuxicaTiox

This was done in order to obtain erystals possessing the proper
temperature-frequency coeflicients. All the temperature runs
were made in a cathode-coupled 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-
ploved 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 perform in the same manner as the series
crystals.

Figs. 8 and 9 show the temperature-vs.-frequency response
of two crystals in this group, for which the angles of cut were
35° 6’ and 35° 24/, respectively. The 35° ¢’ erystal had an overall

Continued on page 38
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FIG. 1. THE CONVERTED BULLDOZER

fastening it to the bulldozer blade. While the shear is being
fabricated a piece of conduit of the desired diameter, with 2
right-angle fitting on the bottom end and a 45" 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 he buried by the bulldozer.

While 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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Get these 7 ALL-NEW FEATURES with RCA UHF 2-Way Radio

areas. Less noise, less
absorption of signal.

n High-efficiency power supply.

Optional operation on as
many as four frequencies.

Built-in metering sockets to
speed service.

6-inch antenna to simplify
installation.

“Split" drawer design for
easy maintenance.

2-WAY RADIO

opéhs up traffic-free channels

PERMITS "*"UNCROWDED OPERATION”

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 tohighest
RCA standards, has proved its merit in

(T 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 mc) 2-way radio.

NAME. TITLE
CoMPANY.
ADDRESS
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REMOTE STATION

(Continued from page 25)
neering, and according to proper geo-
graphic spacing. TV 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 caves of the building in the
hope that the metal sheathing would
shield it from the New Hampshire side,
which is the side away fromm 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 el-
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 culting out of
the relay-controlled main transmitte..
This effect was accompanied by back-
ground crackling and some distortion. 1t
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-
monie 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. Tt was found then that
audio distortion, to the point of complete
loss of intelligibility, could be caused by
advancing the threshold control of the
arrier-operated relay too far and thus
overloading the squeleh 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.

Recognized Everywhere...

L-N CUSTOM-ENGINEERED
ELECTRICAL EQUIPMENT

Alternator DC Generators
Systems
<
N
) Cranking
Regulotors Motors

L

Small Motors Switches

YOU CAN

proved by

The main station equipment has been
subject to very few failures of a purely
electronic nature. Most freguent trouble
has been arc-back of the 5R#t rectifier
supplying the exciter, which blows a fuse.
This has been offset by installing a power
supply with two parallel 5R s, slow-blow
fuses, and a 1077 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 inereased and filament burnouts
virtually eliminated if this is reduced to
110 volts. Tt is des‘rable for other rea-
sons, however, to operate the rest of the

formerly FM-T1 Rapio ComMuNicarioN

WHEREVER YOU LIVE, you cecognize
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. 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
performance for over 7 years

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 ean be done to
estimate when a relay finger will break
due to metallie 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

‘Has a WW ;Vlodel

Here is the world's most popular
fixed-station all-purpose microphone.
Qutstanding because of its high
speech intelligibility, extended fre-
quency range,
high output and
reduction of
feedback. Pre-
venls the trans-
mission of dis-
iracting station
noises,

Model 55s
“’Small Unidyne’’
Ultra-Cardioid
Dynamic
Microphone

This Controlled Reluctance Micro-
phone Cartridge is an ideal serviee
replacement for the Model 520SL
Dispatcher and for use in special
hidden miero-
phone applica-
\ tions. Practically
unaffected by
heat and hu-
midity.

Model RS
“*Controlled
Reluctance’’
Microphone

Cartridge

Designed for use with small portable
and mobile transmitters. Only 2” in
diameter and 14” thick. Has 3-con-
ductor coiled cord, metal-spring strain
relief, and Push-
to-Talk switeh.
Has same oper-
ating characteris-
tics as *°100
Series®® Carbon
Microphones.

Model 115
Carbon
“Pack’’

Microphone

- il

Thn is the ongmnl *old faithful*
hand . Used for

ru“ed field and c-r duty more than
all other makes combined! Features
high speech

< intelligibility
—\ and rugged-
—. \ ness. Stands

e \ up under
S heavy use
and abuse.

The
100 Series”
Carben
Hand-Held
Mobile
Microphone

This dispatching unit handles the
most severe field requirements of pag-
ing and dispatching systems. Supplied
with 2-conductor shielded ecable, and
wired 1o operate
both microphone
and relay cir-
cuits. Features
“Grip-to-Talk,
Slide-t1o-Lock™
long-life switch.

Model 52051
“’Dispotcher’’
Complete
Dispotching
Unit

A Controlled Reluctance Microphone
and desk stand assembly —ideal for
mobile and fixed-station use in all
types of communications work. Has
a built-in switeh
for controlling
beth the micro-
phone circuit and
an external relay
or control circuit.

Mode! 510MD
"Controlled

{ Reluctance”’

™ Microphone

Assembly

SHURE BROTHERS, INC.

Manufacturers of Microphones
and Acoustic Devices

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

When you need
COAXIAL ANTENNAE

{46 mc to 174 mc)

Specify WHITE S for these
4 good reasons:
1. Made of accurately machined
and polished stainless steel to

insura durability and corrosion
resistance.

2. Readily 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

A
See Better! Work Better! r SN

| UXO
—A«Iaimod 'hloﬁrldMovf
A

as the best light
Brackets to Desk,

to work under!
Board, Laths, Bench, Sturdily

Scientifically N
Engineered

Ingeniously Designed

Wall or Tabie m""m'd
(Floor Mount alw Available) F‘C\ﬂhuly
F!llhhod
Roises, Lowers, 5
Tilts, Traverses, Turns coLons

Fingertip Stay-put Control

Stomdess Steel Tube Arms
Nickel Steel Tension Springs
Vented Aluminum Shade
Rodiws 45 Inches
Weight 4 Lbs.

Y

DRAFTING ROOM

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

Tervitories still open / \ %\
LUXO LAMP CORPORATION ?‘%'w

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

FACTORY & SHOP
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REMOTE STATION
(Continued from 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, and 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 RF 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-
Llelephone 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, claphoards, 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 —

® 25 to 50 Megacycles

—NOW STILL
FURTHER
IMPROVED!!

® More Than 30 Watts Output

® 0.4 uV. Sensitivity for 20 db Quieting

® “0.002% Frequency Stability

® Adjacent or Split

(WITHOUT CHANGING MAJOR

® Universal 6/12
Heater Wiring

® New Ease of

Channel
COMPONENTS)

Volt

Servicing

| ALSO AVAILABLE AS FIXED STATION CONSOLES

Write Now For Further Details

LINK RADIO CORPORATION

1125 West 17th Street

formerly FM-TV Rapio CoMMUNICATION

New York 11, N. Y.
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THE ONLY
MICA
TRANSMITTER
CAPACITORS
THAT EXCEED
JAN SPEC’S

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

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

CORNELL-

DUBILIER

CAPACITORS

IN S. PLAINFIELD, N. J.:

PROVIDENCE,
SPRINGS, N. C

AND SUBSIDIARY,

NEW BEOFORD, WORCESTER AND CAMBRIDGE,
INDIANAPOLI IND.: SANFORD AND FUQUAY
THE RADIART CORP., CLEVELAND, OWIO

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 1s 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-

38

vapor rectifiers formerly used have been
replaced with the 3B28 high-vacuum ree-
tifier,

With respect to the main-station an-
tenna: a coaxial half-wave dipole appears
to be the only design for the 30 to t0-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. Relay antennas for short-range
operation are sometimes mounted in-
doors, and in most cases 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/T cable.

The relative difficulties of maintaining
a remotely-located mountain-top station
can be reduced considerably by careful
planuing 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. \lthough underground
cable is desirable, in some cases 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, cither automatieally or
hy 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 0,019, over
the range from —30 to 4+90°C. when op-
erated singly, and the 35° 24’ crystal also
had an overall deviation of about 0,019,
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

ComyuxicaTioy ENGINEERING September-October, 1953



military specifications for allowable fre
queney deviation, ecach of the individual
crystal units would have been rejected.

Figs. 11 and 12 represent temperature-
frequency characteristies of crystals cut
at 35° 6" and 85° 27, respectively. The
overall frequeney deviation for the 85° 67
erystal was a little more than 0.019¢ over

30 to +90°C. range and the overall
deviation for the 85° 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 erystals also
would have been rejected separately.

The entire group of crystals was teste |
over the temperature range from +70 to
+80°C., which is a restricted temperature
range often stipulated in procurement
specifications, in order to find crystals
which could be paired to give cancellation
of temperature cocflicients. Figs. 14 and
15 show the frequeney vs. temperature
charaeteristies of two such erystals. The
overall deviation for both erystals ix 14
eveles over the restricted range, or
0.000289; of the nominal 5-me. frequency.
Figs. 16 through 18 show the results for
three repeated runs over the 70 to 80°C.
range, with the erystals 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.
Iig. 20 shows the result when the erystals
were raised to higher temperatures than
80°C,, then hrought 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 eyeles from 70°
to 80°C., or 0.0000365. This is an mn-
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 frequencey devia-
tions obtatned could very well be due to
oscillator circuit changes or to interpola-
tion oscillator short-term deviations, Tt
is felt that the actual gain realized is mueh
more than that indicated, the crystal
fluctuations being much less than that of
the ciremit itself and of the interpolation
oscillator.

Conclusions: According to the theoret-
ical and experimental data. it is clear that
significant  improvements in - frequeney
stability can be realized by the use of
quartz-crystal combinations. A ervstal
unit can he obtained in this way which is
five to seven times better, over the tem-
perature range of =30 to +90°C,, than
the production erystals making up the
unit.

Such erystal combinations could he
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

8
e ® <
How ‘an I make sure

I have the right tube

when I need it?

The answer:

RCA's new Tube Requirement Analysis!
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which your tubes are operated.
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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!

about your electronic equipment, the tube types
involved, and your special requirements. In this
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=== = 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.

RCA’s new Tube Requirement Analysis is available exclusively
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today. There is no charge or obligation for this service.
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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 Watc-
meters may be depended upon for fast,
accurate and repeatable power readings,
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««o Accuracy — 5%
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Albuquerque
EARL LIPSCOMB
ASSOCIATES

ELECTRONIC CORP.
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TERMALINE Coaxial Line Instruments

Wide Pand
UNIVERTER

for complete
frequency coverage

when used with the

FM-AM SIGNAL GENERATOR

The UNIVERTER Type 207-A provides a con-

tinuous extention of the frequency range of the

202-8 FM-AM Signal Generator down to 0.1 mc.

The two instruments may be used over a continuous
frequency range of 0.1 mc. to 216 mc. The Univerter
Type 207-A subtracts 150 me. from a signal obtained
from the 202-B ond provides outputs between 0.} mc.
and 55 mec. without change of signal level. Negligible
spurious signals are introduced ond modulation of the sig-
nol is unaffected. Small incremental changes can be made
in frequency to allow the study of band poss characteristics
of very narrow bond receivers, A regulated power supply
prevents change of gain or frequency with line voltoge.

FREQUENCY ADJUST: Front panel contro! allows cali-
bration with 202-B output.

OUTPUT: Continuously variable, at XI jock from 0.1
microvolt lo 0.1 volt ocross 53 ohms by use of
202-B cttenuator.

HIGH OUTPUT: Uncalibrated approximately 1.5 volts
from 330 ohms into open circuit.

DISTORTION: No apprecioble FM distortion at any leve!,
No appreciable AM distortion at carrier levels be-
low 0.05 volt and modulation of 50%,.

SPURIOUS RF OUTPUT: At least 30 db down ot input
levels less than 0.05 volts.

SPECIFICATIONS (When used with 202-8)

FREQUENCY RANGE: 0.1 mc. to 55 me. (0.3 me. 1o 55
mec. with 200 ke. carrier deviation).

FREQUENCY INCREMENT DIAL: Plus or minus 300 ke.
calibrated in 5 ke. increments,

FREQUENCY RESPONSE: Flat within = 1 db over fre-
quency range,

BOONTO

BOONTON-NJ-U-S:A

‘RADIO

Write for complete information
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DUAL CRYSTALS
(Continued from page 39)
which would be rejected on the basis of
excessive frequencey shift with tempera-
ture,

Acknowledgments: We wish to thank
the Hunt Corporation of Carlisle. Penn-
sylvania, for their materials and coopera-
tion in regard to erystal combinations.
They were responsible for giving the in-
vestigation renewed impetus.

TAXI SYSTEM
(Continued from page 21)
cheaper to replace than other types, such
ax lighthouse tubes, and service records
show an average life in this mstallation
of approximately 5000 hours: this is 3
times better than would have been ac-

ceptable.

Even if no trouble occurs in a taxi
raddio, it s brought to the radio shop
every 6 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 inereased without
service degradation.

Conclusion: Since the system has now
heen in operation for better than 112
vears, 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 and a
general inerease in efficieney was inevit-
able as a result of radio dispatehing. It
is also interesting to note a definite in-
crease in business volume due to other
factors indireetly 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 ety, including
zones 2, 6, 7. and 8. This can only be
attributed to the fact that previously. cab
drivers always avoided these areas, sinee
cruising  pick-ups were infrequent: but
with  radio  they  can handle  servicee
calls in the ety outskirts at a constantly
mcreasing rate. The mere availability of
cabs in these areas auntomatically pro-
duces new business,

It should also be stated that this sys-
tem beeame a possibility only through the
combined efforts of the Checker Cab
Company and the Link Radio Corpora-
tion.  Mr. Carl H. Anderson. president of
Checker 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 i a superior radio dispatehing
system tailored to handle efficiently the
high traflic density involved.

Newest techniques in the art of re-
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 superlative , advantages of
the “SP-600-JX*

-

7 HAM

formerly FU-TV Ranpio Codarxicariox

Stablel.F.Tuning...

Change the bandwidth without de-tuning when you
operate an *‘SP-600-JX"' Communications Receiver

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 1. 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.

Hommarlund introduces the new “HQ-140-X"’! This medium priced receiver, which
was previewed at the recent IRE Show, is a professional type receiver for amateur
operators ond short-wave listeners. It incorporates all the features that have made
“HQ’s" famous, along with the most recent advances in the art of receiver design.
For detailed information ask for Bulletin 117.

MARILUN D
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Links fundamental fl’;(;l;
and overall system practice
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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, turbulence,
} 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
Anfennas.  Air-to-Air  Propagation. Lobe
Modulation Interference and Design Con-
siderations, Effects of Meteorological Con-
|| ditions on Experimental Flight Data. Gen-
eral Operational Considerations. Ilustrative
System Design Problems. Index.

Send today for your on-approval
1953

copy

562 pages
| 286 illus.
$9.50

JOHN WILEY§
& SONS, Inc.

440 Fourth Avenve
New York 16, N. Y.
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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.
m every case, the rules apply equally to
the existing licensees and to the late-
comers. I 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
casier 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 }3

Coxmrxicarion ExciNeerine September-October, 1953



FCC PHILOSOPHY
(Continued from page 42)

tems 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
Rules provide those technical standards
necessary for the various safety and spe-
cial radio services to share a limited fre-
quney spectrum.  In the broadeast field.
there is an additional consideration not
present in either the common carrier or
industrial fields. That is in relation to
the business of broadeasting, the Com-
mission is in a sense the representative of
the general publie. .\ broadeast station
ix granted a franchise, through its license,
upon the assurance that it will serve
directly a particular seament of the pub-
lic in a specified geographical area. Shar-
ing patterns among broadeast 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 broadeast station.
If a broadeast 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 broadeast-
ers to carry out their responsibilities. For
this reason. in the broadeast service tech-
nical standards must bhe more detailed
and more complete than in other services,
and cach application for new facilities
must he 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 frequencey is so adjusted that in ease
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
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FCC PHILOSOPHY

(Continwed from page }3)

the maximum limits are not exceeded, the
plan of sharing can be worked out sue
cexsfully in practice. Tn a few cases in
the safety services, such as coastal and
atrdrome  control  stations.  additional
limits are preseribed sinee in these cases,
as in broadeasting, the FCC has a special
responsibility to the general publie. For
example, the airdrome control station is
licensed for specified power and specitied
hours of operation.  Airmen plan their
flights relying upon the published sched-
wle 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 communieation serv-
e he expeeted to find available.

\Hthough in general rules of the Safety
and Special Radio Serviees preseribe 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
hroadeast stations.

In every case and i every service,
over-regulation is undesirable. Only those
standards should he adopted which are
required to insure the rendition of the
service by the licensees in the manner
contemplated by the rules and regula-
tions, and on the basis of the representa
tion made by the licensee in his appliea
Lion.

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 seenis
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 nse radio in fields not permitted in the
more congested areas. For example, in
the City of Washington. it is impossible
1o provide frequencies for oil burner sery
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 serviees. So,
from a physical point of view. the ol
burner service man in such towns might
have a frequeney.  Unfortunately. this
does not work in practice since the oil
burner man in the small town does not
seem to want a radio system. In general.
if the communications needs of the con
gested arcas can be solved, the communi
cations problems of less congested areas
fve heen solved also.

Continued on page 46
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THE COMPANY
Hughes Research and De- tems, network theory,
velopment Laboratories. magnetic recording, wide-
located in Southern Cali- band amplification, and
fornia, form one of the { intricate ¢lectromechani-
nation’s leading electron- cal devices are active in
ics organizations. The per- this prograin.
en-
sonnel. are presently THE FUTURE
gaged in the development . i
. Engineers who enjoy a
and production of ad- :
s cue variety of problems re-
vanced electronics systems o LS
. quiring originality and
and devices. . ;
ingenuity find the proper
AREAS OF WORK environment for personal
The communication group | advancement in these ac-
is concerned with the de- : tivity areas. Widespread
sign and development of { future application of ad-
unique radio communica- | vanced communication
tion systems and with ex- techniques will enable the
ploiting new radio com- { Hughes engineer to take
munication techniques. | full advantage of his ex-
Specialists in propagation perience as the Company
phenomena, anterna sys- expands commercially.
,i
i Write today, giving details of
: qualifications and experience,
s . Assurance is required that re-
How to apply ’ location of the applicant will
| not cause disruption of an ur-
{ gent military project,
- T T T - -7
i | |
N
i Scientific | CULVER CITY, \
Hughes : and | LOS ANGELES |
: Engineering : COUNTY, ;
RESEARCH AND DEVELOPMENT LABORATORIES Staff’ | CALIFORNIA )
| | ]
1 | )
____________________________ 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 A I- D E N

FALAMENT BELAY RELAY SIGNaL ::;EDT;Z
N somnruse mannikad!
TEST 0Pt
o ®
i AC PATTERN

RELAY NO.1

The 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 Series to mceet this problem.

ALDEN “PAN-i-LITE”

Mounts In  Quickly replace
.348" hole bulb from frort

of panel
Bulb and Lens are 1 % E
pc. instantly replace-
able with unbreakable
spares.
You can use this new tiny Alden Pan-i-Lite
indicator where never hefore possible,
Easily serviced one-piece lens-bulb replace-
able from front of panel. Mounts simply
by pushing into .348” hole. Gives beautiful
indication; glows like a red hot poker.
Tiny spares can always be kept ready in kit
or taped in recess of equipment. Available
in 6V, 12V and 28V, various colors.

FUSE BLOWS
C LITE GLOWS

blows. One-piece
molded lens-and-

: indicator-lite un-
T screws frnln} frorm
of panel. Ideal for
3/7FH . monitoring power
to each unitized circuit. Available for 28V,

110V and 250V,

ALDEN TEST POINT JACK

Spot trouble in-
stantly, Neon indi-
cator light in lens
glows when fuse

110 BCS 25/32 Behind Panel
e Py
I 32

O
Fits Anywhere

Takes Up to 8,000V,
Provides a quick front panel check point
for any circuit voltages in your equipment,
This tiny Jack fits .257” hole and takes
only 2%.” behind panel. Beryllium copper
contact withstands hundreds of insertions.
Phenolic or nylon insulation, mauny colors.

SEND FOR FREE SAMPLES

also request free ‘‘Alden
Handbook'* 226 pages of tech-
niques and components for Uni-
tized Plug-in Unit Construction.

FCC PHILOSOPHY
(Continued from page 4})

There is another objection to  this
method of treatment.  Suppose that, in
the city of New York, Industry A feels
that it needs additional communication
facilities so it looks over the field and
finds that the frequency assigned to In-
dustry B is not in use in that arca. There-
upon, Industry A applies for that fre-
quency.  The minute his application ap-
pears, Industry C says, “Wait a minute,
if another frequeney is available in New
York, we need it much more than Indus-
try A7 On top of that, Industry B pro-
tests: “While it is true we are not in New
York now, we expeet to be there next
vear.”  The end result would be all the
industries down the alphabet, including
XY7Z, would get into the argument over
the question as to who gets what fre-
quencey. The Commission would then be
faced with a frequency allocation hearing
on the New Yook problem alone, Further,
no stch allocation proceedings could, as a
practical matter. be restricted to any
locality.  Smee radio knows no boun-
daries, what is done inone locality affects
other arcas. If you try to allot frequencies
in New York City, you would certainly
have to take in greater New York., What
vou do in greater New York would effect
what you do in Philadelphia.  What you
do in Philadelphia would affect what you
do i Baltimore, and what started as a
study of the New York problem would
end as a restudy of the national problem.
FFor 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 staif
of the Commission and its activities. The
issuance of licenses in the Safety and
Special Radio Serviees should become a
routine task if the allocation of frequen-
cies are reasonable, if the rules and regu-
lations are intelligently and
well understood. and if the Commission’s
forms are appropriate to the service re-
quirements. I these forms are filled in

coneetved

correctly by an applicant, the comparison

of the application with the norm is a
simple task, and 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-
ices at an average rate of one every fif-
teen minutes or less, and stll give ade-
quate constderation to each. If on the
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

DC-AC CONVERTER

Delivers M'ﬂRE Power
for PROFESSIONAL Use

These latest-of-all Carter DC to AC Con-
verters are specially engineered for pro-
fessi 1 and rcial applications re-
quiring a high capacity source of 60 cycles
AC from a DC power supply. Operates
from storage batteries or from DC line
voltage. Three “Custom” models, deliver-
ing 300, 400, or 500 watts 115 or 220 V. AC.
Wide range of input voltage, 12, 24, 32, 64,
110 or 230 V. DC. Unequalled capacity for
operating professional recording, sound
movie equipment and large screen TV re-
ceivers. Available with or without manual
frequency control feature.

HOW LEADING NETWORKS
USE CARTER CONVERTERS

Photo shows Tommy Bartlett, star of NBC
“Welcome Travellers” program, aboard
N.Y.C. R.R. “Twilight Limited.” Mis 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

5GP MOTOR €O./ ‘a

2641 N, Maplewood Ave.
Chicago 47

S

[rm—————— e —m——ee -
| Carter Motor Co. ——— |
| 2641 N. Maplewood Ave., Chicago 47 :
: Please send new catalogs containing com- |
) plete information on Carter “*Custom’ Con- |
| verters and other Rotary Power Supplies. :
I
| Nam I
: Address :

State, 1

L e e ———
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RADAR - TELEMETERING - COMMUNICATIONS - NAVIGATIONAL AIDS - ELECTRONIC MINIATURIZATION

——
e

d of Electronics

R i
[

m f
— AUDID . m
L
' -
-

of Know-How « Facilities « Experience

Do you have an application in the fields of radar, telemetry,

communications, navigational aids or electronic miniaturization ?

MINIATURIZED PACKAGED CIRCUITS . .
If so, it will pay you to consult Aupio Probucts CORPORATION.

Plug-in circuitry in a compact unit. Custom-

engineered to individual specifications based . a1s
o0 Clrcuit requirements or performance needs. Here you'll find 35,000 square feet of modern production facili-
ties and a staff of engineers accustomed to working in the more
THE MODULAR SYSTEM advanced phases of electronic development. From basic design to
p
A basic electronic tool of great fiexibility to A . . .
aid in the design and use of pulse methods prototype, to final engineering tests—their knowledge, experience
for information transmission, storage ard L K . .
computation. 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—

For the Best in Electronic Design, Development and Manufacture, Consult

AUDIO PRODUCTS CORPORATION

2265 WESTWOOD BOULEVARD, LOS ANGELES 64, CALIFORNIA

The hasis is on tel try, radar relays, Highly skilled Audio Products technicians work Ever-expanding plant facilities provide more
modulars and packaged circuitry with advanced procuction test facilities than 35,000 square feat of production space

formerly FM-TV Rapvio CoMMUNICATION 47



TOWERS

Proved in Construction,
Design, and Operation.

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

|| Can be used non-guyed to
60-ft.—guyed up to 150-ft.
Get the full facts today!

Call your Rohn representative
or write, phone or wire:

“Pioneer designers and manufacturers
of all type towers.”

ROHN MANUFACTURING CO.

DEPT. CE « 116 LIMESTONE, BELLEVUE
PEORIA, ILLINOIS « PH. &-5156

T s — -

COMCO

“FLIGHTCOM"”
TWO-WAY VHF
RADIO FOR AIRCRAFT

' EREQUENCY MODULATED
i 152-174 MC.

25.50 MC —

Provides communication between ground FM com-
ication sy and tive or utility aircraft
COMPACT—mounts in smallest planes
LIGHT—total weight only 23 Ibs.
LOUD—full watt audio to speaker
POWERFUL~10 watts 30-50 mc. band
7V watts 152-174 mc. band
LOW BATTERY DRAIN
PERFORMANCE—identical with ground
station ¢quipment.
For details contact your nearest COMCO dealer

FCC PHILOSOPHY

(Continued from page j65)

study.  Even if a stafl could be provided
to consider applications on a case by case
hasis, the end results would undoubtedly
be unsalisfactory,  Since it would not be
the rvesult of a plan, inequities would
result.

In view of this situation, it should be
expeeted that those segments of the Com-
mission’s staff which act on applications
would  be administrative
clevieal, 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 stafi involved in planning
should consist of highly qualified experts
in the field of engieering and law, and
they should be furnished with adequate
clerieal stafls. Those men must have
imagination and administrative ahility as
well as basie technieal skill, sincee their
wark is i the field of planning for the
use of radio rather than in the develop-
ment of radio apparatus or eirenits. Such
a staff should not only be compelent in
the field of communications, but must be
familiar - with  the
problems of the industry and the pro-
posals for the use of communications in
solving them. How can the Commission’s
staft make recommendation as to the jus-
tice of claims that taxicabs need more fre-
quencies as against the eries of the buses
for additional assignments unless it has
a working knowledge of how taxicabs are
how the movements of

largely and

non-communication

handled, and
buses are managed.

Communication is a service. The most
suceessful communication engineer is he
who knows the most about the business
of the clients whom he serves. The
Commission is charged by the Congress
to  administer  the  communications
policies of this government so that all the
people of the United 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
suceeeds in earrying 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 United States, and as to
liow communications technigques can bhe
applied most effectively to the problem of
those industries for the benefit of all.

Nore: This coneludes Col. White's dis-
cussion of assignment philosophy. Next
issue, Merle E. Floegel of the FOC staff
will present the FOC's side of the form
100 tssue, and awll interpret some of the
Emror.

major sections.

Moaster Mobile PTULEYG

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. ldeal 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
threadad coaxial fitting at end.
Radials adjustable {(up or down) for purpose of
eliminating standing waves. Sturdily-built of finest

alloys to withstand corrosion,
TWO METER COAX high winds and extreme ic-

ANTENNAS ing. With 36” length of 34
NO. 214 MASTER pipe for mounting purposes.
DELUXE ruggedly-
constructed, vertically
polarized, frequency MODEL 3C0

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: Model GP-4. four '‘Droop-
Type 1—on side with ing”” Radials for perfect
2 brackets furnished match to 52 ohm coax cable.

NET: $15.95. Type Complete amateur band cov-
2 — MASTER MOUNT erage. Specify other fre-
(No. 132X or 140X). quencies. (U-Bolts and Mount.
Mounts sold separ- ing Brackets furnished.) Also

AMATEUR’'S NET: $12.95

MOUNTING BRACKET:
NO. MB--$1.00 NET

ately. Complete attachable to side of build-
$17.45. Adjustable ing. Sturdy,
mounting—adjusts to ALL SPECIAL special
177, ALUMINUM alloys, to
ALLOY RODS 1
2 withstand
‘ No. 214 - foiid corrosion
o L. 4 and extreme
[ g weather.
e VRITE — W el Model GP-4
| TS AMATEUR'S
F erature on vearown NET: $5.95
the more T
.. than 70

numbers in
'l , the Master
. Mobile Line

2 METERS — 140 to 162 MC
SOLD BY LEADING JOBBERS

D o S e —

Gi—t

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

PLUGS &
SOCKETS

500 SERIES

p Touea
2uality

P-506-CE
Plug with Cap

For 5,000 Volts,
25 Amperes per
Contact Alter-

5-506-DB
Socket with able by circuit
deep Bracket Characteristics.

Socket cts phosphor b . knife-switch
type, cadmium plated. Plug contacts hard brass,
cadmium plated. 2, 4, 6, 8,10, ond 12 contacts.
Plugs ond sockets polarized. Long leckage path
from terminal, ond terminal to ground. Caps and
brackets, steel parkerized (rust-proofed). Plug
ond socket blocks interchangeable in caps and
brockets. Terminal cti most ibl
Cp insuloted with canvas bakelite.

Write for Jones BULLETIN 19 for full
details on line.

Howaro B. Jones Division

CINCH MANUFACTURING CORPORATION
I AGL g I

SLESIDIARY OF UNITED CARR FASTENER CORP
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Model 292X
SIGNAL GENERATOR

Frequency Coverage:
125 KC to 220 MC
Calibrated Output:

Less than 1 microvolt

vp to 100,000
microvolts.




remember, too!

that Motorola is a SERVICE

organization

. . . with organized
Maintenance Service Personnel to back the
“best engineered 2-way radio
equipment’’

No matter where you
are, Motorola Service is geared,
both in distribution and depth, to serve and
maintain your radio communications system in conjunction
with your present personnel.

It isthe largest organization of specially trained radio
communicalion service people in existence today.

| 2-way Radio

Motorola

Communications & Electronics, Inc.

A SUBSIDIARY OF MOTOROLA, INC.

900 N. Kilbourn Ave., Chicago 51, lllinois « Rogers Majestic Electronics Ltd., Totonto, Canada





