An “atomic clock” that neither gains nor loses
one second in 1000 years. (Story, page 5)
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iy “” ““ ““ I g& i1 n every field, Lister engincs have roven
Ill ”' themselves—setting a high standard of'rella-
‘ bility and economy for industry and utilities.
They are particularly suited to use in generating
—_— assemblies~ -for continuous runn-
ing without attentiol

—
—————

Among their varied uses, Lister
engmes are in use f p mp ng
and construction ma h ery,
generaling ets d marine pro-
pulsion. Parts and service are
available throughout Canada.

Lister HA air cooled range. Direct
injection for cold starting and
greater cconomy. 10 BHP per
cylinder continuous rating. 1800
RPM. Designed for working under
the most varied conditions.

[l Write us for your free copy of Bulletins LD,
TN “"" \h. SLand HA which describe. in detail, the Listcr
|l| | "I I \\“r air-cooled range of Diesel engines 31530
o, unmnm, iy Iy, 1||“ \\“
. l n
|-~

|n|u||||n |n, Lister-Blackstone engines 3%2—1400 BHP.

CANADIAN LISTER-BLACKSTUNE

1921 Eglinton Ave. E., Scarborough, Toronto 13, Ont. LIMITED

VANCOUVER MONTREAL
3135 West Broadway 25 St. James St., Ville St. Pierre

In the U.S.: Lister-Blackstone, Inc., 42-32 21st Street, Long Island City 1, N.Y.

or complete details check No. 13 on handy card, page 51




studio conditions
duplicated

Acceptance tests are
conducted when the tubes
amive in Canada. Marconi
has bulit a special lab
where the image orthicons
are tested under Canadian
studlo conditions.

at =>

Canadian

factory tested

Marconi and sealed

Before they ieave the

‘factory, ali Marconi Image
Orthicons undergo
extremely critical testing.

fast warranty

This special testing fab
enables Marconi to offer
immediate warranty
adjustmentwhenrequired.

the only complete ol g

tests check every detall.
Once it has passed these
tests, the camera tube is

Image Orthicon el ol ol
testing lah
in Canada

vistting
studio personnel
Studio engineers and
techniclans are invited to

inspect and make use of
these facilities.

ELECTRONIC TUBE AND COMPONENTS DIVISION

tests vary

CANADIAN Marconi COMPANY  cach of the six types of

Image orthicons under-

830 BAYVIEW AVENUE - TORONTO, ONTARIO goes its own special tests.

To test each tube

BRANCHES: Vancouver » Winnipeg « Ottawe + Montreal thoroughly takes 30 to 50
Halifax « St. John's, Nfid, minutes.

For complete details check Ww. 14 on handy card, page 51
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An exceptional new tool Yi
for lab or industry! g
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Check these outstanding features and exclustves: e

\ ~~ Measurement, amplification and transduction of a wide span of D-C current and voltage ranges
— 10 to 1000 microamps and 1 to 1000 millivoits full scale — in a single 5-pound unit.

Unique INDUCTRONIC® servo-amplifier provides extreme high gain and full feedback — for

e
e .
. L.

”

A Y4 accuracy and stability unaffected by variations in line voltage or frequency, condition of tubes, .
or other variables. 3
\ Model 1477 is a true D-C meter with zero-drift comparable to a permanent magnet moving 54
g coil instrument. No mechanical switches or choppers are used. ‘§
'i* " Das
3 3 % Essentially zero power-drain from the source being measured. N
- Power-gain is sufficient to drive indicating meter plus any external load up to 5,000 ohms. b
% Power output is avaitable at terminals in rear of unit. §
: \ Knife-edge pointer and 7.2-inch mirror scale provide unmatched readability. "
"; Gain stability and output linearity are both within 0.1% at ranges above 1 millivolt or 200 ) g,
= microamps. n L]
‘ Resolution capability is within 2 microvolts or .02 microamps. ;5'
te X3
“ Power requirements: 115 volts A-C, 50 to 1600 cycles, 35 watts. §
v W Less expensive than competing instruments offering lower stability.
‘g‘; For full information, call Daystrom Ltd., 840 Caledonia Rd.. Toronto 19, Ontario; f ¢
i 5430 Ferrier Street, Montreal 9, Quebec. A subsidiary of Daystrom, Incorporated. *f.
- Or any office of Northern Electric Co. Ltd. =
- 5923 ¢
i 3
& ’
:; 1%
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For complete details check No. 17 on handy card, page 51
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Closed circuit television for nuclear applications

{ AUGUST 1959 Vol. 7, No. 8

by W. Jones

Behavior of open-wire lines and cables

at frequencies above 150 kc

Courtesy — Lenkurt Electric Co. of Canada Ltd., Vancouver, B.C.

Custom built tube tester

With capability of testing 2000 tubes per hour

Ultrasonic cleansing of precision parts

Meets demands for cleanliness of missile components

Electronic Industries Association Report

Business

Briefs and Trends

New Products

News Report

Editorial

COVER STORY

This 30-pound “atomic clock” ticks 24 billion
times a second and is being developed by
Hughes Aircraft Company for the National
Aeronautics and Space Administration. Dr.
Harold Lyons, Hughes’ scientist, is shown
examining the tubular heart of the clock
which will house stream of ammonia mole-
cules that generates a highly stable current.




Canadian electronic manutacturers now have a superb
source for the finest of precision resistance products.

Formation of CERL-DALE, Limited (formerly Canadian
Electrical Resistors, Linmidted). makes available through a
Canadian company the dependable DALOHM line of re-
sistors and trimmer potentiometers.

CERL-DALE, Limited,is a single source for wire wound,
deposited carbon, vitreous enamel and metal film precision
resistors. Inherent stability is achieved by advanced com-
ponent design and manufacturing techniques. Both wire
wound and carbon trimmer potentiometers in numerous
sizes and styles can now be ordered.

In addition to the DALOHM line, all ot the famous CERL
and BERCO products will continue to be available.

Write for Catalog Information Now!

The NEW
CERL-DALE,

Limited

now serving
Canada with

the FINEST of
RESISTORS

CERL-DALE, Limited

Curity Avenue

Toronto 16, Canada

For complete details check No. 16 on handy card, page 51



The Rogers 6360 twin tetrode. is a Special Quality*
miniature transmitting tube designed to give reliable, efficient
and long life performance at V.H.F. up to 225 Mc/s at
maximum ratings.
Typical plate output power is 14.0 watts at 200 Mc/s with
a plate supply voltage of only 300 volts. As a tripler with
an output of 175 Mc s, 5.5 watts is obtained with a plate
supply voltage of 300 volts.
The 6360 is particularly suitable for push-pull operation
in either fixed or mobile transmitters and may zls0 be used
as an amplifier, oscillator, multiplier, modulator or audio
amplifier. In new equipment or for replacemert purposes,
this Special Quality tube provides high output at very low
initial cost.
*Rogers Special Quality tubes are finding more and more applications
in all types of professional equipment. The greater reliability and

lower maintenance cost of the apparatus in which they are used more
than compensates for the higher initial cost.

electronic tubes ¢ componeits

A DIVISION OF PHILIPS

ELECTRONI!ICS

INDUSTRIES

LT D.

116 VANDERHOOF AVENUE, TORONTO, ONTARIO / BRANCHES: MONTREAL, WINNIPEG, VANCOUVER

* Rogers.EﬂeM_ronic Tubes are.sold.through Canada’s Independent Electronic Parts Distributors
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766 King Street West, Toronto 28

INTRODUCING

ASSOCIATED ELECTRICAL

INDUSTRIES (CANADA) LTD,

A NEW ‘CANADIAN’

e - R V/ AR R W
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Associated Electrical Industries, is Britain’s largest
electrical manufacturing company with factories and
offices around the world. A.E.L companies manufacture
all types of electrical equipment ranging from small
motors, to the 150,000 kw steam turbine generators being
supplied for two major Canadian power companies.

Employing more than 100,000 peaple, sales of electrical
equipment in world markets by this fifty nine year old
company exceeded $490,000,000.00 in 1958.

A.EI business in Canada has been handled by a

EMpire 4-9281 Riverside 7-0677

562 Montée de Liesse, Montreal

A WORLD- FAMOUS GROUP
OF ELECTRICAL COMPANIES

number of organizations including The British Thomson-
Houston Co. (Canada) Ltd., and Metropolitan-Vickers
Electrical Export Co. Ltd. (both A.E.I companies). On
July 2nd, 1959, the staffs of these organizations were
combined under the name of Associated Electrical
Industries (Canada) Ltd., which will be responsible for
selling and servicing the products manufactured by the
many A.EI. divisions in the United Kingdom and the
A.E.I. Switchgear factory in Montreal. Siemens Edison
Swan (Canada) Limited, another A.E.I. company, will
continue to operate without change of name.

Associated Electrical Industries (Canada) Ltd.

MUtual 3.8108

For complete details check No. 4 on handy card, page 51

ELECTRONICS AND COMMUNICATIONS, August, 1959

908 Burrard Bidg., 1030 West Georgia St., Vancouver



MODEL 362 MODEL 370 MODEL 371 MODEL 372 MODEL 373
Low-Ohmmeter AC Ammeter AV Voltmeter Ohmmeter DC Milliammeter

(o}
o)
o) o
MODEL 374 MODEL 375 MODEL 376 MODEL 378 MODEL 387
DC DC Ammeter AC Voltmeter AC Milliammeter Millivoltmeter

Microammeter

The complete line of

[o}
L
Model Ranges
362 5/25 Ohms
370 1/2.5/5 1025 A.C. Amperes
371 150 300/600 A.C. Volits
372 0-500 ohms to 0-50 Meg ohms in 6 ranges
- e — —_—— - m——
373 1/5/10/25,/50/100 250/1000 D.C. Milliamperes
374 | 50/100/250/500/1000 D.C. Microamperes
— e e = = ]
375 1.2.5/5/10 25 D.C. Amperes
D%Oyoﬁ%ngv 376 5/10/25/50/100/250,/500 1000 A.C. Volts at
% 1000 ohms per volt
‘% 377 1/2.5/5 10'25/50/100/250 ‘500, 1000 D.C.
) Volts at 1000 ohms per volt
378 5/25/100 '250,/1000 A.C. Milliamperes
— - - —
387 10/30/100 '300/1000 D.C. Millivolts J

The line of Simpson Microtesters features low cost,
and convenience in application and size. Low cost
because ranges that may not be required are not
included; convenience — for single purpose applica-
tions; service and industrial testing, receiving room
inspection or laboratory and school room experi- o
mentation. Simpson Microtesters are small and

compact in size and are surprisingly low in cost. -

Write for further details.

LIMITED

1255 BRYDGES ST. LONDON, CANADA
J9550

IN U.S.A.: SIMPSON ELECTRIC COMPANY, 5200 W. KINZIE ST., CHICAGO 44, |1L1L.
For complete details check No. 10 on handy card, page 51
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Electronic Industries Association Report

By Basil Jackson, A.R.Ae.S., Tech. M.C.A.L

"Electronics An Expanding Field”, Says EIA Guest Speaker

“You are fortunate to be in an expanding rather than a contracting field”, said

J. H. Warren, Assistant Deputy Minister of Trade and Commerce, when he addressed
delegates at the 30th Annual Meeting of EIA recently. Under the title “Current
Problems In International Trade”, Mr. Warren reviewed the import/export
problems of the Canadian electronics industry. A summary of his address follows:
“ - - . Several industries, including your own, have brought to the Government'’s
attention the problems of very low cost imports of certain products. I can assure
you that these representations are being given careful consideration. The
Government, as you know, has passed anti-dumping legislation designed to defend
Canadian producers against unfair foreign trade practices, and has taken various
other measures to help Canadian industry. You are aware that the Government

has referred to the Tariff Board for consideration that section of the tariff
concerned with radio, television and related equipment. You know also that provision
has been included in the 1959-60 supplementary estimates for substantial sums

to sustain technological capability in Canadian industry by supporting selected
defense development programs.

“ - - - After a period of rapid expansion, following on the introduction of television
in Canada, your industry has in this field at least experienced some levelling off

in demand. You have also been affected by changes in the pattern of defense spending
in the last couple of years, and by the upsurge of imports of radios from Japan

and European sources. I think it would be a mistake to draw unduly pessimistic
conclusions fram these factors. In the past your industry has lived through
many variations in the volume of output, and you have adapted successfully to
constant changes in the size and nature of demand. It is clear thaf electronic
equipment is becoming more and more important to industry and that it is essential
to modern defense equipment. Over the longer run, you are fortunate to be in

an expanding rather than a contracting field.

€

- - - - The Department of Trade and Commerce stands ready to assist you in your
efforts to develop export markets, and I do not believe your endeavors in this
direction should be discouraged because of the present sharp impact of import
competition in certain lines. Much of the special electronic equipment now

being manufactured or developed here should prove of interest to other countries,
and there is obviously a sales job to be done. Some of your companies are

already achieving considerable success in selling Canadian designed products
in world markets.

Both as regards defense and normal commercial business, much will depend on
the initiative and efficiency of your companies in producing what is required

and in finding the market for your product. Quality design and design standards will
be very important. Publicity and public relations will also merit your attention.
The recent slackness in sales of television sets promises to be of limited duration,
as the time approaches for replacement and the eventual introduction of

color TV should provide an important stimulus to sales. Background influences
affecting the market for consumer goods are becoming increasingly favorable.

The consumer has experienced a substantial rise in real income, and consumer
spending has been increasing since last Fall. This strength in eonsumer

demand is having its effect on the electronics industry. I understand that factory
shipments of radios are running 20 per cent ahead of last year’s level, and that
even in this in-between-period television sales are down only slightly.

I have confidence that the electronics industry of Canada will overcome current
difficulties, and that the future holds great promise for you. I said earlier that no one
could forecast accurately the precise things that you would be making 20 years
hence. T am confident, however, that electronic devices and controls of all kinds
will have a much wider application than at present, and that the Canadian
electronics industry will be very much in business.”

ELECTRONICS AND COMMUNICATIONS, August, 1959
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business
briefs and
trends

% Ferranti-Packard Electric Limited of Toronto has recently
been awarded a contract to design and manufacture an electronic
cheque sorting machine for the Federal Reserve Bank in New
York City. This device is to be based on techniques employed
in the manufacture of a mail sorting computer for the Canadian
Post Office Department which Ferranti-Packard installed in 1954.

* * *

% The first new size change in picture tubes in several years
is being introduced to the market by the Admiral Corporation and
Sylvamia Electric Products, who are featuring 23-inch picture tubes
with salety panel bonded to face plate in their 1960 models of
television sets.

* * *

% A contract has been awarded by the Department of Defense
Production to Titania Electric Corporation of Canada Limited,
Gananoque, Ontario, for a study of present and future require-
ments for precision electronic ceramics in Canada.

* * *

% The Canadian Government is prepared to subsidize Canadian
defense industries to the extent of $5 million in order to support
them in their efforts to participate in U.S. defense production
contracts.

* * *

% It was recently revealed that Canadian Aviation Electronics
Limited of Montreal enjoyed a 200 per cent net income for the
yvear ending March 31, 1959. The net amount is $469,993 for
the period 1958-1959 as against $155,170 for the preceding twelve

month period.
* * *

% The Canadian Department of Defense Production has placed
an order worth $200,000 with Marconi Instruments Limited for
telecommunication measurement equipment. Nearly 200 instru-
ments are to be provided, including signal generators, portable
frequency meters, oscilloscopes, wave analyzers and transmission
test sets. The Canadian counterpart of Marconi Instruments
Lid. is Canadian Marconi Co., 2442 Trenton Ave., Montreal. Que.

* * *

Y Speaking at the second annual Marketing Seminar held by
the major appliance division of the Canadian Electrical Manufac-
turers’ Association, F. W. Mansfield, director of marketing research
for Sylvania Electric Products Inc., New York, said that both
Canada and the United States had reached the stage where only
10 to 12 per cent of the people did not own TV sets. Marketing
research, he said, had not yet been able to see when a cycle
of replacement of TV sets might occur and said the average life
of the set might be anywhere from seven to thirteen years.

* * *

v A Missiles and Systems Division has been formed by
Canadiar Limited to serve as a self-contained unit under which
will be consolidated all research studies made by the company
in connection with guided missiles, automatic control equipment
and other products not concerned with aircraft. The new division
will equip itself to provide forceful competition to U.S. firms in
its bid for a share in defense requirement business.

* * *

% ““Unemployment in the Canadian electronics industry is being
caused by the rapidly rising rate of importation of foreign radio
sets, particularly from the low-wage areas like Japan,” said
R. M. Robinson, retiring president of the Electronic Industries
Association of Canada. In a brief to the Federal Government,
the E.LA. has pointed out that “it is vitally necessary that the
‘made in Canada’ program be so impressed on all Canadians
that they automatically ask the question at the time of every
purchase — Was this Made in Canada? — and if not, decline
to purchase.




THINK OF MAGNET WIRE

««» THINK OF PHILLIPS

Significant changes are taking place in the
Magnet wire field. Changes that may mark the
beginning of a new era for magnet wire users. The
successful development of Formel provided a
reliable satisfactory wire for general winding
purposes. Now, to meet the needs of industrial

applications, the increase in Home Appliances, and
the expansion in Electronics, a number of new and
promising wires are being actively developed. These
new types employ recently produced synthetics for
their insulation, and are the result of months, even
years, of painstaking research, selection, and testing.

i)

PHILLIPS ELECTRICAL

Tests in which some of you may have participated.
As a result, Daglas, Philsol, and Fuzel are now on
the market, and others are coming.

You may be assured, that when new and
improved magnet wires are needed—Phillips will
have them.

Phillips Electrical Company Limited. Head Office
—Brockville. Sales Offices— Montreal, Otrawa,
Toronto, Hamilton, Winnipeg, Regina, Edmonton,
Vancouver. The Canadian affiliate of the British
Insulated Callender’'s Cables Group. 5718

COMPANY LIMITED
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O REPEATER

— POWER FEED
«ees CO-AXIAL CABLE

~#/ RADIO

AUCKLAND

On the second
cable link between
Wellington and
Palmerston North
BICC have supplied

the Co-axia! Cable
and ATE are
. supplying the
Transmission
equipment.

BREWSTERS ROAD

HAMILTON

FIRST CO-AXIAL

CABLE SYSTEM [ eaumerston
v NORTH

IN NEW ZEALAND /

’

:
D WELLINGTON

The first section of the new trunk telephone link S

in the North Island of New Zealand is now in

service with the commissioning of the multi-channe!
carrier telephone system operating over

co-axial cable between Auckland and Hamilton. On this
section 249 circuits are to be provided

initially; the system is extensibie to 960 circuits.

A.T. & E. Co. Ltd., were entrusied by the New Zealand
Post Office with the supply of all the line

transmission and terminal channelling equipment.

BICC were responsible for the design, manufacture and
installation of the co-axtal cable in conjunction

with the New Zealand Post Office.

This is another example of a joint enterprise

by two specialist organisations who undertake complete
communication systems anywhere in the World.

AUTOMATIC TELEPHONE & ‘ BRITISH INSULATED CALLENDER'S

ELECTRIC CO. LTD. CABLES LTD.

STROWGER HOUSE, ARIINDEL ST., LONDON, ENGLAND 21 BLOOMSBURY STREET. LONDON, ENGLAND

REPRESENTED IN CANADA BY AUTOMATIC ELECTRIC SALES (CANADA} LTD.. 185 BARTLEY DRIVE. TORONTO 16 AT 14913
For complete details check No. 8 on handy card, page 51
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FEDERAL “Pay-Off-Paks”
pay off in speed and profits

This cost-reducing method of
magnet wire packaging and hand-
ling, pioneered by Federal Wire in
1656, has been paying off in speed
and extra profits on every installa-
tion. Simply open the container
and thread. The wire pays off like
a fisherman’s line from a spinning
reel. There are no backlash, over-
run or inertia problems and most
important—no stopping to solder
during winding.

e One “Pav-Off-Pak” holds approximately 500 Ibs. of

size 12-23 magnet wire—replaces 10 reels—reduces
soldering and downtime.

® “Pay-Off-Paks” eliminate need for a wide range of
reel sizes.

e Reduced investment in returnable reels.

e Sct-up time on the winding machines is cut to a
minimum.

e Interlocking tops and bottoms allow storage in a
minimum amount of space.

o e Made of tough, reinforced fibre—standard-size con-
tainer weighs only 22 Ibs.

Al 0.
'L WIRE s cABLE &
POR A DIVISION OF e Also sizes 21-29 available in 100 Ib. “Pay-Off-Pak”

R ComPANY € and sizes 1223 AWG in 230 Ib. “Pay-Off-Pak.”

Speed up production with a Federal “Pay- Off-Pak”,
You can depend on the quality of Federal Magnet Wire.

5900

FEDERAL WIRE & CABLE DIVISION

H.K.PORTER COMPANY (CANADA) LTD.

PORTER SERVES INDUSTRY: with Rubber and Friction Froducts—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL

ELECTRIC DIVISION; Copper and Alloys —RIVERSIDE-ALLOY METAL DIVISION; Refractories — REFRAC.TORIES DIVISION; Electric Furnace Steel — CONNORS

STEEL DIVISION, VULCAN-KIDD STEEL DIVISION; Fabricated Products— DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION,

MOULDINGS DIVISION, H.K. PORTER COMPANY de MEXICO, S.A., and in Canada, Refractories, "Disston Tools,” "Federal” Wire and Cable, "Nepcoduct” systems
H. K. PORTER COMPANY (CANADA) LTD.

For camplete details check No. 34 on handy card, page 51
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e 1,000,000:1 rejection ratio at 60 cps

LOW LEVEL INPUT o
e floating input

AMPLIFICATION
e jsolated output

IN 2 NEW SANBORN
CHOPPER AMPLIFIERS

INDIVIDUAL SET-UPS

portable, self-contained unit amplifier

The Model 350-1500 Low Level Amplifier provides extremely versatile
measurement of low level signals through use of two interchangeable
plug-in circuits — one for thermocouple applications, another for DC
strain gage work (other plug-ins now in development). Floating input
and isolated output make the 350-1500 usecful when signal measurements
are made in the presence of large ground loop voltages. The 10-1 2’ high
x 4-3 16" wide 350-1500 may be used individually with its own power
supply to drive a 'scope, meter, optical element, ete. or as a preamplifier
in 6- or 8-channel 350 series recording systems. &S W~

-8

-
, ‘09‘9‘9'.0,?@_ SPECIFICATIONS
Adg éi’%’ﬁj 3501500 | 850-1500A
.J%”%¢ i 20 uv input for 1volt 100 uvinput for I volt

output, or 10 chart
div. with Sanborn re-
corder; X1 to X200
attenuator

= N

|
leput Floating, can be grounded

output, or 10 chart
div. with Sanborn re-.
corder; X1 to X2000
attenuator

Sensitvity

MULTI-CHANNEL
INSTALLATIONS

200,000 ohms

Floating or grounded (independent of input)

Input Impedance 100,000 ohms

8-unit 7" high modules for
"850" series direct writers

Output

Output Impedance | 350 ohms

Output Capabitities | =2.5 volts across 1000 ohm load )

Bandwidth | DC— 100 cps (3db)

Linearity ] +0.17¢ of full scale

Compact Model 850-1500A Low
Level Preamplifiers are economi-

cal, space-saving units for large
installations such as aircraft and
missile development and test fa-
cilities where many recording
channels are used to monitor
strain gage and thermocouple
outputs. Required 440 cps chop-
per drive voltages can be supplied
for up to 16 channels with the
Model 8§50-1900 MOPA.

Common Mode

120 db for 60 cps and 160 db for DC with 5000

Performance ohms unbalance in source
Nuise | 2 uv peak-to-peak over a 0 to 100 cps bandwidth
Drift | =2 uv for 24 hours

Gain Stabuity

+0.17¢ for 24 hours

(specifications subject to change without notice)

Complete specifications and application data are available from
Sanborn Sales-Engineering Representatives in principal cities
throughout the United States, Canada, and foreign countries.

SANBORN Q> COMPANY

INDUSTRIAL DIVISION
175 Wyman Street, Waltham 54, Mass.

R.O.R. Associates, 1470 Don Mills Road, Don Mills, Ontario, Canada
For complete details check No, 40 on handy card, page 51



COMdUCfOR for the SYMPHONY of PROGRESS

... progress in engineering ... progress in production techniques ...
progress in creative imagination in electrical conductor applications...
that's progress at Northern Electric. To meet the demands of progress,
Northern’s plant at Lachine, Que. manufactures electrical wires and
cables for all requirements, from a single conductor to innumerable
intricate combinationa.

Here, at Lachine, there couldn't be a better example of the exacting
effort being performed by Northern Electric for Canadian industry.

At Northern Electric, product development never stops...advances are
forever being made in the development of custom designed and manu-
factured wires and cables to meet every electrical conductor require-

e Northernn Flectric

SERVES YOU BEST 3059-1

Far complete details check No. 32 on handy card, page 51
ELECTRONICS AND COMMUNICATIONS, August. 1959 17
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NEW TROPO SCATTER SYSTEMS

can be set up anywhere in 8 hours or less!

A new, transportable communication system has
been developed by Canadian Westinghouse for
sending two-way voice or teletype messages up to
200 miles without relay stations.

Its name is MICROSCATTER—the most compact
system ever developed for low-cost, long range
tropospheric scatter communications.

Now in production for customer orders,
MICROSCATTER radio is a super high frequency
system that can go anywhere. MICROSCATTER
transmitters and receivers for quadruple diversity,
including antennas, can be mounted in a standard
30ft. truck trailer. Unitsdesigned forself-contained
field shelters can be set down by helicopter in
remote locations—and a MICROSCATTER instal-
lation can be sef up ready for operation within
8 hours!

you cAN BE SURE...iF TS

MICROSCATTER APPLICATIONS

COMMERCIAL
Fixed Station — 120 telephone channels
—television and sound

Transportoble— 48 telephone channels
—teletype

MILITARY
Wide Bond —mdor

—data

— 120 teiephone

channeis

Tectical and —48 voice channels
Transportakle—teletype

—data

FEATURES

« Frequency —4400-5000 mc
¢ Antennos— 10 to 28 ft. diameter

¢ Power—2 KW
+ Range—100 to 200 miles

estinghouse

SIATAS

A Westinghouse communications specialist will
gladly furnish complete information on MICRO-
SCATTER radio. Phone your nearest Westinghouse
office, or write to Canadian Westinghouse Company
Limited. Electronics Division, Hamilton, Canada.

For complete details check No. 15 on handy card, page 51
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Sola Constant Voltage Filament Transformer is an integral part af this Electro-
Pulse, Inc. Megacycle Pulse Code Generator. It provides regulated flament
voltage for reliable operation of the equipment and for full life of its electran tubes.

Sola transformer regulates filament voltage
within *1%—-—protects tubes from
inrush currents and line transients

Fluctuations in supply voltage for electron tube fila-
ments can be costly . . . in shortened tube life . . . in
substandard performance . . . in equipment downtime.
Electro-Pulse, Inc. solved its filament voltage problems
through this straightforward approach: the company’s
Megacycle Pulse Code Generator includes a Sola
Constant Voltage Filament Transformer built-in as
part of its power supply.

This versatile unit does the step-down job of a con-
ventional transformer and it also regulates the filament
supply — a task that ordinary filament transformers
don’t pretend to do. Filament voltages are stabilized to
within +19%, even with line voltage variations as great
as *157%,. Its current-limiting characteristic protects
tubes from cold inrush currents upon starting—as well
as from line transients. It is a simple, reliable static-

magnetic regulator with automatic and virtually instan-
taneous action, Variations in input veltage are usually
corrected within 1.5 cycles. There are no tubes or mov-
ing parts, and no manuat adjustment or maintenance
is necessary.

The filament voltage regulator illustrated is only one
of a complete line of Sola Constant Voltage Transform-
ers having wide application in electrical and electronic
devices. They include such special types as harmonic-
free, plate-filament, and adjustable eutput units—all
provide the benefits of regulated input voltage. More
than 40 ratings of these compact, economical regulators
are available from stock, and Sola manufactures cus-
tom-designed units (in production quantities) to meet
special needs,

For complete data write for Bulletin 32H-CVF-269

SOLA ELECTRIC (CANADA) LTD., 24 Canmotor Avenue
In The United States, Sola Electric Co., Chicago 50, Hlincis, A Division of Basic Products Corporation

SOLA|

CONSTANT VOLTAGE TRANSFORMERS

For complete details check No. 43 on handy card, page 51
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with
CGE’s
new

improved

*
Replaces 12AX7,
ECC83, 7025.

7025A/12AX7A*

Give your high fidelity equipment a “*New Sound™
with the 7025A/12AX7A audio amplifier tube,
designed and developed by CGE engineers.

Withimproved performance rating over the I12AX7,
ECC83 and 7025, the 7025A '12AXT7A is a new tube
throughout. that meets the most critical require-
ments of the finest audio systems.

Lower hum—more than 20 db below prototypes.
Reduced microphonics—less than one eighth of
prototypes.

Here's why:

o Side mounted getter to reduce leakage on micas.

o Coiled hairpin filament for lower hum.

e Triple micas to reduce microphonics.

o Cathodes mounted under tension for extra rigidity.

o improved mica design with closer tolerances.

Choose the 7025A/12AX7A and increase the guality and accept-
ability of your tinest audio systems. For full information contact
Canadian General Electric Co. Ltd.. Electronic Tube Section,
189 Duflerin Street, Toronto,

o

TUBES

S —

Electronic Tube Section

1706-359

ELECTRIC COMPANY LIMITED

For complete detaits check No. 12 on handy card, page 5)



New -hp- 606A HF Signal Generator

Here at last is a compact, convenient, moderately-
priced signal generator providing constant output
and constant modulation level plus high output
from 50 kc to 65 MC. Tedious, error-producing
resetting of output level and percent modulation
are eliminated.

Covering the high frequency spectrum, (which in-
cludes the 30 and 60 MC radar 1 F bands) the new

@ 606A is exceptionally useful in driving bridges,
antennas and filters, and measuring gain, selectivity
and image rejection of receivers and IF circuits.

QOutput is constant within =+ 1 db over the full fre-
quency range, and is adjustable from +20 dbm (3
volts rms) ta —E10 dbm (0.1 uv rms). No level
adjustments are required during operation.

SPECIFICATIONS

Frequency Range: 50 k¢ to 65 MC in é bands.

Frequency Accuracy: Within *19.

Frequency Calibrator: Crystal oscillator provides check points at
100 ke and 1 MC intervals accurate within 0.01% from 0° to
$0° C.

RF Output Level: Continuvously adjustable from 0.1 uv to 3 volts
into a 50 ohm resistive load. Calibration is in volts and dbm (0
dbm is 1 milliwatt).

Output Accuracy: Within % 1 db into 50 ohm resist ve load.
Frequency Response: Within 1 db inta 50 ohm resistive load
over entire frequency range at aay ourput level setting.

Ovutput Impedance: 50 ohms, SWR less than 1.1:1 at 0.3 v and
below.

HEWLETT-PACKARD COMPANY

Spurious Harmonic Output: Less than 3%.
Leakage: Negligible; permits sensitivity measurements to 0.1 fiv.
Amplitude Moduslation: Centinuously adjustable from 0 to 100%.
Internal Modulation: 0 te 100% sinuseidal modulation at 400 ¢ps
*5% or 1000 cps * 5%.
Modulation Bandwidth: Dc to 20 ke maximum.
External Modulation: 0 to 100% sinusoidal modulation deto 20 ke.
Envelope Distortion: less than 3% envelope distortion from 0 to
73% modulation ot outpur levels of 1 velt or less.
Spurious FM: 0.0025% cr 100 cps, whichever is greater, at an
output of 1 v or less ard 30% amplitude modulation.
Spurious AM: Hum and roise sidebands are 70 db below carrier.
Price: {cabine® $1,200.00 (rcck mount) $1,185.00.

Data subject ta change without notice. Prices f.0.b. factory.

Represeated in Canada by ATLAS INSTRUMENT
CORPORATION, LTD., 50 Wingold Ave., Toronto, Ont.; 106-525 Seymour St., Vancouver, B.C.; 72 Princess St., Winnipeg, Man.

(p world’s most complete line of signal generators

Far complete details check No. 24 on handy card, page 51
ELECTRONICS AND COMMUNICATIONS. August, 1959
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In the age of nuclear power the faculties of man

have fortunately been extended by . . . . ..

Figure 1. Gas cooled camera
complete with .
transporter mechanism.

Closed circuit television
for nuclear applications

by W. Jones*

Successful controlled release of atomic emergy, on
an economic basis has been made possible by every
branch of engineering contributing its particular basie
principles and techniques; in some instances, problems
have been solved which would formerly have been
considered insaluble. Tasks which are simple when
performed with the aid of hands and eyes must now
be carried out in regions which are inaccessible to man.
To accomplish this, the normal faculties of man require
extension by mechanical and electronic means so that,
for instance, machines which are completely enclosed
by lead and concrete function correctly without any
direct sensory control between the machine and the

operator.

This need for the remote location of equipment is
a major factor in the complexity of the engineering
required in atomic energy installations.

Closed circuit television is the obvious substitute
for human sight and when properly applied, adequately
extends the human sense into the complex machinery
which man is able to devise.

The United Kingdom Atomic Energy Authority were
the first to use television wherein cameras are inserted
into the gas cooled moderated reactors at Calder Hall.

*General Manager, Transmission Division of Pye Canada Limited.

Figure 2. Gas cooled camera head showing internal construction.



Figure 3. Escape gas cooled camera head.

These reactors were the first nuclear power plant in
the world to feed electrical power irto a mational power
distribution network. By the end of 1958 approximately
750 million kilowatts had been fed into the national
system by two reactors. At the present time four
reactors are working at Calder Hall.

The type of camera used at Calder Hall is shown
in Figure 1, complete with transporter mechanism.

Design of the television camera for
gas cooled reactor inspection

The camera is designed to operate within the fuel
or control rod channels of a reactor under shut down
conditions. It is 3.5 inches in diameter and approxi-
mately 48 inches in length. The assemhkly is lowered
into the reactor supported on a flexible stainless steel
covered cable. The camera can be operated at an
ambient temperature of 200°C, the interior of the
camera being maintained at a much lower temperature
of approximately 50-60°C, by means of cooling by
carbon dioxide gas supplied through the stainless steel
supporting cable from an external supply. The cooling
gas passes through the camera and escapes into the
reactor.

The camera itself is contained within a stainless
steel cylinder, with remote optical focussing accom-
plished by moving the pick up tube relative to the fixed
lens. The pick up tube carriage assembly is motor
driven and counter halanced to ensure even focussing
action, regardless of the inclination of the camera.
(See Figure 2.)

The optical system consists of a 1 inch f1.9 lens
with a horizontal viewing angle of 28°. Built in light-
ing is provided by four 25 volt incandescent lights
grouped around the lens, giving sufficient illuminaticn
to observe objects &t distances of up to three feet
when operating in a black graphite fuel channel. (See
Figure 3.)

All components in the camera have deen designed
for the maximum resistance to radiation damage.

Camera attachments

To achieve all round viewing a plane mirror is
mounted in front of the lens, lying along the optical
axis of the camera. The mirror can be tilied by a motor
drive controlled remotely, enabling inspeection at right
angles to the optical axis. A second motor within the
camera controls the rotation of the mirror about the
optical axis giving 360° viewing in a plane normal to
the camera axis.

Manipulator attachments are previded which are
capable of grasping small objects located in front of
the camera. The manipulator moticns are controlled
by an electric motor contained within the camera. The

ELECTRONICS AND COMMUNICATIONS. Augezst, 1959

manipulator is so designed that it does not obstruct
forward viewing of the camera. (See Figure 4.)

With further attachments, the camera and manipu-
lator are capable of lifting heavy loads such as the
fuel elements.

Cable and coolant hose

A standard type of television camera cable connects
the camera to the control equipment. For the reactor
inspection application, the cahle is contained within
a stainless steel hose which carries the cooling gas
into the camera and supports the weight of the camera
when lowered into the reactor.

To facilitate handling on the reactor charge floor,
the complete equipment is split into two sections, each
niounted on a four wheeled tubular steel carriage.

The camera itself is transported on the hose and

Figure 4.

One type of manipulator head.

winding carriage, equipped with a drum from which
the camera supported by the stainless steel hose is
lowered tarough one of the stand pipes on the charge
floor into the reactor.

The ruaising and lowering function is power oper-
ated by means of a variable speed drive. A depth
indicator is provided.

The second and smaller carriage houses the camera
control equipment, consisting of the camera control
panel. the camera cantrol unit and the picture monitor.
The camera control panel mounts all the controls for
the system, including those for the mirror or grab
stitachment operation. (See Figure 5.)

The camera control unit provides all the necessary
pulse generation, waveforms, and video amplification
required for operation of the camera.

23
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Figure 6. Water cooled camera head.

The picture monitor displays the resulting video
signal from the camera.

Operating conditions — gamma radiation

A useful operating life is obtained with 1 Mev
gamma photons in the range 10° to 10" R/hour. The
operating life is defined at the time interval between
the replacement of those components susceptible to
radiation and corresponds to a total dose in the range
of 10° to 10" rads.

Neutron radiation

The camera is intended for operation in a reactor
shut down condition, i.e. the neutron flux should be
less than 10° neutrons cm.’sec.”.

Temperature

The design of the camera cooling system permits
the use of the camera in a reactor at a temperature of
200°C without the camera internal temperature exceed-
ing 50°C.

Figure 5 (left). Control equipment transporter.

Pressure

The camera is designed to be inserted into a reactor
under depressurized conditions, when the internal
pressure is roughly atmospheric.

Coolant

Since the camera is designed for use in graphite-
moderated carbon dioxide cooled reactors, the coolant
used is carbon dioxide at a pressure of 150 psi.

Inspection camera for watercooled reactors

The water cooled camera is primarily intended for
close observation of the core and control mechanism
of a water cooled reactor of the swimming pool type.
The equipment, however, lends itself to applications
in connection with pressurized water and similar
reactors.

The totally sealed camera is 3 inches in diameter
and approximately 48 inches long, resembling the gas
cooled reactor camera, but may be immersed in light
or heavy water. There are no grab facilities. Remote
control allows forward or right angle viewing with the
camera being physically rotated to view through 360°.
The camera is self illuminating and made of stainless
steel or pure aluminum. (See Figure 6.)

The camera terminates in a socket which is plugged
into the watertight connector on the end of a tubular
extension shaft. The opposite end of the tubular exten-
sion terminates in a socket and a number of these
stainless steel or pure aluminum 10 foot rigid extension
shafts can be connected in series to obtain the required
length. The flexible television camera cable can be
connected to the end distant from the camera.

Similar control equipment is provided as with the
the gas cooled camera.

Specification

The closed circuit camera operates on the standard
broadcast system, namely 525 line, 60 field interlace
for the North American continent. Resolution is of
the order of 600 lines utilizing vidicon type pick up
tubes.



In this article the characteristics
of open-wire lines and cables

in the 150 kc to 350 kc region
are discussed.

Behavior of open-wire lines and

cables at frequencies above 150 ke

Courtesy — Lenkurt Electric Co. of Canada Ltd., Vancouver, B.C.

In the development of carrier systems for toll
transmission, the channel capacity of an open-wire lead
or a multi-pair cable was increased by using higher and
higher frequencies. For a number of reasons, the
maximum frequency commonly used for medium- and
long-haul toll circuits in the United States is about 156
ke for open-wire lines, and 264 ke for multi-pair cable.
However, higher frequencies are used for carrier
channels applied to coaxial cable.

Recently, carrier systems for subscriber service have
been developed to operate at frequencies up to about
350 ke. In this article, the characteristics of open-wire
lines and cables in the 150-ke to 350-ke region are
discussed.

Unprecedented demand for telephone service has
been felt strongly in rural areas as well as in the urban
and suburban areas. This demand has occurred at a
time when telephone service is being “up-graded” in
anticipation of Direct Distance Dialing; so that in addi-
tion to increasing the service in rural areas it is also
necessary to improve this service.

The extension and improvement of rural service is
being met in a number of ways. For example, multi-pair
19-gauge voice-frequency loaded cable is being installed
in some areas. The cable provides the backbone of the
rural service line, and open-wire drops extend from the
main cable to the subscriber location.

Another method which has been gaining in popularity
in the last few years is in the use of carrier that is
designed for rural subscriber service. In this application,

the subscriber end of the carrier channel and its
associated equipment effectively provide the central-
office facilities (talking battery and ringing current) as
well as the communication channel — but at a location
remote from the office. A number of subscribers may
obtain service from one carrier channel.

In many cases, the toll-lead route will be followed
by the rural lead from the central office to the outlying
areas. Where carrier is used on the toll lead, coordina-
tion is necessary between the subscriber carrier and the
toll carrier. The number of channels of subscriber
carrier which may be used will depend upon the
frequency spectrum occupied by the toll circuit. For
this is well as other reasons, the frequency spectrum
for some of the subscriber-carrier channels is above that
used for toll applications.

A number of different types of wire and cable are
used for rural subscriber circuits. Before carrier can be
applied to a rural line the characteristics of the wire
or cable should be known. Among the characteristics
which should be considered are: (1) wire type and size,
(2) line transposition, (3) attenuation, (4) crosstalk and
(5) noise.

Effects of wire types and sizes

Various types and sizes of wire are used in open-wire
line construction. While copper is the better conductor,
iron and steel wire are sometimes used because of their
greater mechanical strength. However, iron wire or

Line Frequencies in Kilocycles
Channel "A" Allocation "B Allocation “C" Allocation "D Allocation
Number

West East West East West East West East
1 50 65 57.5 .72.5 50 335 57.5 342.5
2 80 95 87.5 102.5 65 320 72.5 327.5
3 110 125 117.5 132.5 80 305 87.5 312.5
4 140 155 147.5 162.5 95 290 102. 5 297.5
5 170 185 177.5 192.5 110 275 117.5 282.5
6 200 215 207.5 222.5 125 260 132.5 267.5
7 230 245 237.5 252.5 140 245 147.5 252.5
8 260 275 267.5 282.5 155 230 162.5 237.5
9 290 305 297.5 312.5 170 215 177.5 222.5
10 320 335 327.5 342, 5 185 200 192.5 207.5

Figure 1. Frequency allocation chart of an FM subscriber-carrier system.

ELECTRONICS AND COMMUNICATIONS, August, 1959
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ungalvanized steel wire are rarely used in new construe-
tion. Copper-clad steel wire is becoming increasingly
popular because it combines the strength of steel and
the superior conductivity of copper.

The kind of wire as well as the size used in open-wire
construction has a bearing on the attenuation. Over the
frequency range from 1 ke to 360 ke, 102-mil copper-clad
wire with a 30 per cent copper content is more efficient
than 80-mil copper-clad wire with either a 30 or 40 per
cent copper content; and above 220 kc¢ a 102-mil, 30
per cent copper-clad wire pair is more efficient than a
104-mil, 40 per cent copper-clad wire pair. The attenua-
tion of a 102-mil, 30 per cent copper-clad open-wire pair
with 12-inch spacing is only 0.56 db per mile at 360 ke,
when using 25.5 pairs of #17 insulators per mile. Solid
104-mil copper-wire pairs, using the same wire spacing,
but supported by 53 pairs of CS insulators per mile,
have an attenuation loss of 0.65 db per mile at 360 kc,
and when using 53 pairs of DP insulators per mile, the
attenuation increases to 0.84 db per mile.

The attenuation in steel and iron wire is considerably
greater than in copper or copper-clad steel wire. The
attenuation of a 109-mil high-strength, zinc-galvanized
steel wire pair, when new, is 5.16 db at 360 kc. The
attenuation increases as the zinc coating thickness
decreases from weathering. When the zinc coating is
reduced in half, the attenuation at 360 kc increases to
6.63 db per mile and when the coating has completely
eroded, the attenuation increases to 7.76 db per mile,.
The loss becomes even higher when the wire rusts or
becomes pitted.

Insulated wire is sometimes used in carrier system
applications. The insulation protects the conducting
surface from the elements, thus reducing corrosion.
In addition, a sturdy insulating jacket can reduce the
cffects caused when the wire rubs against trees and
other objects. Depending upon the kind of insulation,
however, an insulating jacket can introduce increased
attenuation if it becomes saturated with moisture. This
effect increases with higher frequencies since the
portion of current that will low in the damp insulating
medium becomes greater because of skin effect which
increases with frequency. This undesirable effect is
minimized in new types of insulated wire, specifically
designed for carrier applications, which employ modern
insulating materials.

There is a considerable variance in attenuation
among different kinds of cable. The highest losses
occur in paper insulated cable with small size conduc-
tors. In cable with 26-gauge conductors, the attenuation
at 360 kc is 26 db per mile compared to 12 db per mile
for paper-insulated cable with 19-gauge conductors.
Polyethylene-insulated cable is somewhat more efficient
at these frequencies; the attenuation in cable with
19-gauge conductors being 11.8 db or 0.2 db better than
paper-insulated cable.

Attenuation of the relatively new multi-pair plastic
rural-distribution cable, under dry weather conditions,
is very close to that of paper-insulated DNB exchange-
area cable with 19-gauge conductors. Rural-distribution
cable is currently used primarily for voice frequency
distribution, although it has also been used for

Figure 2 (Left). Frequency-attenuation
characteristics of copper-clad steel
and hard-drawn copper open-wire
pairs spaced 12 inches apart.
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ATTENUATION-db PER MILE

6 PAIR, 19 GA RURAL DISTRIBUTION WIRE

Figure 4 (Left). Frequency-attenuation
characteristics of multipair
cable and rural distribution wire.
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subscriber - carrier applications. In a 6-pair rural-
distribution cable the attenuation when wet is 16.6 db
per mile at 320 ke, and 10.2 db per mile at 180 ke. When
dry, the attenuation is about one-half as great. The wet
weather conductance (leakage) of this cable is about
ten times as great as when dry.

Rural-distribution cable has much to offer in the
way of convenience in installation and its life is
estimated at about 15 years. However, becausc of the
relatively high attenuation at high carrier frequencies,
the distances over which it can be effectively used is
limited.

Effect of wire spacing

Whether the conductors are spaced eight inches or
12 inches apart has little effect on the frequency-
attenuation characteristics of an open-wire pair. At 180
ke the attenuation per mile is 0.43 db for 12-inch spacing
and 0.45 db for eight-inch spacing. When the wires are
spaced 12 inches, the attenuation at 360 ke is 0.65 db
per mile compared to 0.67 db per mile for eight-inch
spacing.

However, where high carrier frequencies are used,
it becomes increasingly difficult as the frequency
increases to adequately reduce the crosstalk coupling
effects between paralleling pairs. To overcome this
difficulty, it is necessary, in addition to employing
suitable transposition patterns, to employ wire spacings
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that will materially reduce the coupling coefficients
between the various wires on the line. This has quite
generally led to the use of eight-inch, and to some
extent six-inch, spacing of wire pairs, and a correspond-
ing increase in the spacing between pairs.

In addition to reducing the crosstalk coupling,
closer-spaced wires are also effective in limiting the
noise due to induction, static, long-wave radio or other
external sources of interference.

Line transpositions

Absorption effects, caused by induction into
surrounding circuits and producing drastic attenuation
at certain frequencies, can be eliminated by using an
appropriate transposition plan. Crosstalk and the pickup
of radio and other interference can also be reduced by
proper transposition of open-wire pairs, particularly
where more than one carrier system is to be applied to
the same open-wire lead.

Absorption effects, which cause transmission distor-
tion, can be eliminated automatically by transposing
lines to avoid crosstalk between like carrier systems.
This may not be true, however, when all of the pairs on
a line are not correctly transposed. A continuous
succession of identical transposition sections will
increase the likelihood and prevalence of absorption
peaks while on the other hand a random succession
of transposition sections of different lengths will reduce
absorption effects.
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Different transpositions are required at frequencies
above 150 kc than for lower frequencies. For example,
a pair transposed for a carrier system operating at up
to 140 ke might have severe absorption peaks at
frequencies above 200 ke.

Measurement of line attenuation

Transmission measurements may be made by
applying a signal at one end of the line through a
suitable matching transformer and measuring the signal
level at the other end of the line with a frequency-
selective voltmeter, suitably terminated and also
connected through a matching transformer.

The signal source may be an oscillator with an output
of at least +20 dbm and tunable over a frequency range
of 5 to 350 kec. The frequency-selective voltmeter should
be capable of measuring levels down to about —70 or
—80 dbm over the same frequency range. The matching
transformers must be capable of passing the frequencies
involved.

Laterals, drops and spur lines should be disconnected
from the main pair or treated with appropriate way-
station filters when making initial transmission tests.

Crosstalk

When several carrier channels are applied to an
open-wire lead crosstalk may occur. Crosstalk can be
reduced by avoiding duplication of the same carrier
frequencies on the same lead (different pairs), and by
staggering the frequencies of the various channels.

Construction irregularities, such as difference in the
sag of the various wires in each span, particularly
between the two wires of each pair, will cause crosstalk.
Variation in spacings of the wires may also contribute
to crosstalk.

While like carriet systems can be used on the same
pole line, when pairs are properly transposed, the use
of two carrier channels, operating on the same
frequency, should be avoided.

When several carrier channels are applied to various
pairs on a lead, proper transposition is normally
required. In some instances, it may not be possible to
make use of all available channels due to excessive
crosstalk interference from radio stations, or absorption
at certain frequencies.

Measuring crosstalk

Crosstalk can be measured using the same instru-
ments as were used for measuring attenuation. To
measure ‘‘far-end” crosstalk from line A to line B, as
shown in Figure 5 for example, the signal generator
is connected through a suitable matching transformer
to one end of line A, the other end of line A is
terminated. The frequency-selective voltmeter is con-
nected to the far end of line B, suitably terminated
through a matching transformer, while the near end
of line B is terminated, usually through a matching
transformer. If the attenuator characteristics of line A
are identical to line B, the far-end crosstalk coupling
in db is the difference between the levels of the received

RS =

signals at the far end of A and B.

“Near-end” crosstalk may be measured by connecting
the frequency-selective voltmeter to the near end of
line B, while continuing to apply a signal at the near
end of line A. The far end of each line is terminated.

Noise

Noise is caused by static, dust storms, radio storms,
power-line carrier systems, electrical-power transmission
lines and electrical equipment which may be operating
near telephone lines and drops. In some areas, power-
line carrier systems employing both AM and FM
sub-carriers, may be operating near telephone lines and
may introduce noise into the carrier channels. Some of
these power-line carrier systems employ transmitters
of considerable power and, when not in good order,
may radiate spurious signals of the same frequency
as some subscriber carrier channels.

Noise can sometimes be alleviated by transposition
of lines and otherwise eliminating line unbalance. In
some cases it may be necessary to avoid the use of
certain carrier channels on a specific line, if the trouble
cannot be corrected by improving the line or stopping
the cause of the noise at its source.

Effects of splices

Improper splices can cause problems, including the
introduction of noise. A bad splice may act as a rectifier
or detector, demodulating two or more radio signals
picked up by the line and interjecting the sums,
differences and other combinations of these signals
into the line as noise. Splices can cause vastly different
effects at the higher carrier frequencies than at voice
frequencies. .

Twisted splices, if used, should be well soldered.
Splices of copper-clad steel or copper wire to steel
should be made with special splicing sleeves designed
for this specific purpose. When splicing copper to
copper or steel to steel, standard compression sleeves
may be satisfactory.

Effects of weathering

Weathering of lines also causes adverse effects. The
attenuation of a steel wire from which the zinc coating
is partially or fully eroded is considerably greater than
in new galvanized wire. Pitting, rusting and corrosion
also increase attenuation and cause line unbalance.
Dirty and broken insulators may cause excessive
leakage. In the case of insulated wire, weathered
insulation may permit the accumulation of moisture
along the surface of the conductor, introducing
attenuation which increases sharply with frequency.

Conclusion

Although a number of factors must be considered
before high -frequency carrier is used to extend
subscriber loops, the improvement of service and the
ease with which additional subscribers may be added
make the use of subscriber carrier attractive for many
rural applications.

% Engineers were told at a recent meeting of the American
Society of Mechanical Engineers that they are frequently not
considered for management positions because their view of
industrial operation is too narrow. They were allowed consolation,
however, in the statement that many other professions are similarly
myopic, including accountants, marketing experts, labor relations

men and purchasing personnel.
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Vacuum tube testing at the rate of
2000 tubes per hour
is the performance of

Versatile Custom built tube tester

Electrical characteristics are being automatically
tested four times faster than formerly by two giant
machines recently installed on its production lines
by Tung-Sol Electrie, Inc.

Built by their own engineers around versatile instru-
ments called meter-relays, the machines also improve
product quality by eliminating human error and by
checking product characteristics more thoroughly than
human beings can. Operators are needed only to load
and unload the machines.

Currently operating in Tung-Sol plants at Wash-
ington, N.J., and Weatherly, Pa., each machine tests
approximately 1200 vacuum tubes per hour — and has
a theoretical capacity of 2000 tubes per hour.

Moving on a belt conveyor with 80 test sockets, each
tube is tested for up to 20 separate characteristics and
is automatically rejected and sorted if found deficient
in any characteristicc With easy adjustments, the
machines will test practically all of the approximately
1000 present types of vacuum tubes.

The design principles used in the machines could
be adapted to test similar characteristics of other
electrical and electronic components. Among the
characteristics being tested are filament currents, short
circuits, plate and screen current, gas current, mutual
conductance, heater cathode leakage, cathode emission,
voltage gain and cut-off currents.

Sixty meter-relays are incorporated in each machine.
The meter-relays, each assigned a different task, indi-
cate and control all conditions of all circuits at all
times. Besides testing tube characteristics, the meter-
relays also monitor all voltages used and will auto-
matically shut the conveyor down if any improper test
conditions develop.

Adjustable pointers of the meter-relays are set at
high and low limits, marking the ‘“satisfactory” range
of the electrical characteristics being tested. The
meter-relays used range from low microammeters, with
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full-scale ranges of 0 to 5 microamperes, to high milli-
ammeters, which have full-scale ranges of 0 to 500
milliamperes.

In an average of approximately one-third of a second,
each meterrelay (1) measures an electrical property
and indicates its magnitude on a dial; (2) causes a tube
to be rejected if it is faulty; and (3) resets its circuit
so that it is ready to test another tube.

Technically, the reject operation proceeds as follows.
A moving pointer on the meter-relay, indicating the
minute electrical current through a portion of the tube,
meets either the high or low fixed pointer. Contacts
on the pointers touch and lock electro-magnetically,
closing a circuit through them. This circuit closure
actuates a load relay that in turn closes the contacts
of a heavy duty power relay. The latter actuates a
counter that keeps track of the number of tubes rejected
for that particular characteristic. The power relay also
breaks the circuit to a reject solenoid coil. A plunger
is released which pushes the defective tube from its
testing socket at the proper time so that it falls down
a chute with other tubes rejected for the same test.

The testing machines were built around meter-relays
because they are reliable and easier to work with.

The meter-relays read signals direct from the tubes
being tested and rarely need calibration. All factors
considered, use of meter-relays also simplifies main-
tenance, according to company engineers.
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