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BENDIX NOW OFFERS... 

the Pygmy SE electrical connector 

INTER-MATE-ABILITY 
PLUS MILITARY STANDARD CRIMP CONTACT GEOMETRY 

There's a new addition to the growing Pygmy family—the 

SE series of Pygmy' Electrical Connectors. This new 

series gives complete inter- mate-ability with several mil-

lion PT and SP solder type, CE crimp type and MIL-C-

26482 connectors. 

The combination of proven Bendix Pygmy materials and 

designs with MIL-C-26636 contact geometry and MS3190 

wire well area eliminates wiring diagram changes and 

costs, retains solder option, and provides contacts com-

patible with standardized application tooling. Want more 

facts? Write us today. The Bendix Corporation, Scintilla 

Division, Sidney, New York. 

Canadian affiliate: Aviation Electric, Ltd., 200 Laurentien Blvd., Montreal 9, Quebec. 
Export Sales & Service: Bendix International, 205 E. 42nd Street, New York 17, N.Y. 

Send far your free campaign button and a copy of the Pygmy SE connector folder. 

IC% 
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sE 

For Convenience, Efficiency and 

Economy, Join the Bendix Campaign in 

Support of Evolutionary Connector 

Specifications 

II Inter- mate-ability ... with millions of Pygmy 
connectors now in the field. 

II Military Specifications ... BUWEPS and Signal Corps 

IN Termination Option . . crimp or solder, depending on the 
application. 

• Shell Finish Option ... cadmium or alumilite. 
IN Wire Sealing Option ... grommet or potting seal. 

▪ Strain Relief Option in both basic series. 
II All Shell Styles ... widest possible user choice. 
• Full Range of Shell Sizes ... 10 thru 24. 
• Multiple Insert Patterns ... 20 tooled—continually expanding. 
111 User Engineered . . . evolved from 6 years of Pygmy field 

ex pen en ce. 

BENDIX CONNECTORS—BENDIX CABLES: DESIGNED 

Scintilla Division 

TOGETHER TO WORK BEST TOGETHER 

THIEIZZOdel 

CORPORATION 

For comple-oe details check No. 6 on handy card, page 69 



at 
Canadian 

Marconi 
factory tested 

and sealed 
Before they leave the 
factory, all Marconi Image 

Orthicons undergo 
extremely ciitical testing. 

the only complete 
Image Orthicon 
testing lab 
in Canada 

ELECTRONIC TUBE AND COMPONENTS DIVISION 

CANADIAN Marconi COMPANY 
830 BAYVIEW AVENUE • TORONTO, ONTARIO 

BRANCHES: Vancouver • Winnipeg • Montreal • Halifax 

tests vary 

studio conditions 
duplicated 

Acceptance tests are 
conducted when the tubes 
arrive in Canada. Marconi 
has built a special lab 

where the image orthicons 

are tested under Canadian 
studio conditions. 

"total" testing 
An extensive series of 
tests check every detail. 
Once it has passed these 
tests, the camera tube is 
shipped fo the studio, 
sealed and protected by 
the Marconi guarantee. 

rej,lreerer t t • 

r'41--- ar 
, I 

Each of the six types of 

Image orthicons under-
goes Its own special tests. 

To test each tube 
thoroughly takes 30 to 50 
minutes. 

fast warranty 
This special testing lab 
enables Marconi to offer 
immediate warranty 
adjustment when required. 

visiting 
studio personnel 
Studio engineers and 

technicians are Invited to 
inspect and make use of 
these facilities. 

For complete details check No. 8 on handy card, page 69 
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Complementing the line of 
Canadian made Multimeters... 

The 
new 

model 

Featuring 
PREMIUM ACCURACY 

MIRROR SCALE 

KNIFE-EDGE POINTER 

SPRING-LOADED JEWELS 

SHIELDED MOVEMENT 

OVERLOAD PROTECTION 

AND—the same quality and 

ruggedness which have 

made the Simpson Model 260 

and Model 270 bywords 

wherever Multimeters 

are used. 

Priced at $72.50 

Federal Sales Tax Included 

. . . WITH A. C. CURRENT RANGES AND SINGLE SWITCH 

WRITE FOR 

SPECIFICATION 

SHEETS 

tille 
Bach- Simpson 

LIMITED 

1255 Brydges St., London 

For complete details check No. 5 on handy card, page 69 

4 



an age publication 

Arthur E. Maine, P.Eng., editor 

R. C. Poulter, P.Eng., associate editor 

Ron Wood, assistant editor 

William Bowers, art editor 

Jerry Davey, photo editor 

H. E. Dallyn, manager 

Derek Reynolds, advertising manager 

NeviII A. Campling, production manager 

Diana King, asst. production manager 

Rudy Lengerer, circulation manager 

L. R. Kingsland, president 

K. E. Gould, executive vice-president 

Paul A. Irwin, secretary-treasurer 

1111)11,11N-I 1, 
AGE PUBLICATIONS LIMITED 
450 Alliance Avenue, Toronto 9, Ontario 
Telephone RO. 2-7225 

Publishers of 
Beverage Alcohol Reporter 
Restaurants and Institutions 
Automatic Heating/Plumbing/Air Conditioning 
Food Service Equipment Supplier 
Canadian Gas Journal 

MONTREAL 
.1. R. "Tom" Graham 
1500 Stanley St. 
Montreal 25, Que 
Suite 616-1 
Telephone VI. 4-6782 

WEST COAST 
Dillenbeck-Galavan, Inc. 
266 South Alexandria Avenue 

Los Angeles 4, California 

U.K. and EUROPEAN REPRESENTATIVE 
Norman F. Keenan 
Regency House, 
1 Warwick Street, 
London, W.1, England 

Indexed in the Canadian Business and 
Technical Index of the Toronto Public Library. 

Subscription Rates: Canada, British Possessions 
and United States: 1 year — $5.00; 2 years — $9.00; 
3 years — $12.00. Foreign: 1 year — $10.00. 

Member Canadian Circulations Audit Board 

Authorized as second class mail by the 
Post Office Department, Ottawa and 
for payment of postage in cash. 

PRINTED IN CANADA 

`Wee'. 60 

electrom 
commun 
Canada's pioneer journal in the field of 

electronics and communications engineering 

contents JANUARY, 1962 Vol. 10, No.1 

27 A new RC coupled monostable flip-flop 
by J. Rywak 

32 A design analysis of the operational amplifier 
by V. Malolepszy 

39 circuit impedance effects in a non-degenerate parametric 
amplifier 
by D. G. Vice, P.Eng. 

44 

49 A new circuit concept for RF amplifier design 
by W. A. Rheinfelder 

52 Engineering in Canada 
Quality radio communications at Collins-Canada 
by A. E. Maine, P.Eng. 

Three approaches to micro-electronics 
by William F. Long 

COVER STORY 

The material tools of trade of the circuit engineer are shown 
in our picture . . . slide-rule, desk calculator, pencil and paper, 
reference books, and so on. Not shown, because it can not be 
shown, and by far the most important item is the logical and 
inventive mind of the circuit man himself. 

departments 
6 ETA news 

10 CRTPB newsletter 

14 Industry's business 

22 Industry personnel 

59 Engineer's file page 
A universal resonant 
frequency chart 
by A. E. Maine, P.Eng. 

62 Product panorama 

64 International scene 

66 Closeup 

69 Technical literature briefs 

73 Defense industry barometer 

74 Letters to the editor 

74 Engineers' bookcase 

76 Opportunities 

78 Editorial 
The Circuit Designer 

5 



ALL 
CANADA 

OVERNIGHT 
YOU CAN DEPEND ON 
MILGRAYMEW YORK 

FOR OVERNIGHT 
DELIVERY ANYWHERE... 
OF SEMICONDUCTOR 
PRODUCTS FROM 

THESE OUTSTANDING 
MANUFACTURERS: 

BENDIX 
COLUMBUS 

ERIE 
GEMCO 

GENERAL ELECTRIC 
GENERAL INSTRUMENT 
GENERAL TRANSISTOR 

HOFFMAN 
KEMTRON 

MICROWAVE ASSOCIATES 
MOTOROLA 

NATIONAL SEMiCONDUCTOR 
NORTH AMERICAN 

OHMITE 
PHILCO 

SARKES-TARVAN 
SPRAGUE 
TUNG-SOL 

TEXAS INSTRUMENTS 
UNITED COMPONENTS 
WESTERN TRANSISTOR 

WESTINGHOUSE 

MILGRAY/ NEW YORK 
160 Voritk Street/New York City : 3/YUkon 9-1600 

Zenith numbers in leading industrial areas 

TWX-NY1-4013/TELEF AX-FOF 

Electronic 
Industries 

Association 

of Canada 

news 
by R. T. O'Brien 

Symposium Program Shaping Up 

The program is virtually completed for the 1962 Canadian Military 
Electronic Components Symposium to be held in Ottawa's National 
Gallery on April 11 and 12. 

Government and industry speakers will present papers in four 
sessions; Session A for Research and Development papers; Session B 
for Engineering Aspects of Reliability; Session C the Management 
Aspects of Reliability; and Session D for papers on Trade and Produc-
tion. Each session represents three papers. 

While all the speakers have been determined the final papers 
are not yet complete. It is known, however, that the industry papers 
will explore areas of vital interest not only to those industry and 
government agencies already participating in the military electronics 
programs but to those manufacturers contemplating entry into the 
field. 

One industry paper will describe a production program for a 
military electronic equipment for severe environmental service with 
special reference to parts reliability and will attempt to show how 
new orders of reliability can be achieved. 

Another paper will explore the organizational structure and the 
various procedures necessary to assess the reliability level of electronic 
equipments. 

In a paper being generated in the EIA Prime Contractors Com-
mittee the general assemblage of documents required by an equipment 
manufacturers on contracts of varying origins will be outlined and 
their accessibility examined. Another will present a general industry 
view of the military components business. 

In addition technical papers on developments in microminiaturiza-
tion and in film devices and an appraisal of future military technical 
requirements for parts are included. 

Government speakers will examine international standardization 
programs and the challenges of increasingly difficult military specifica-

tions. 
Advance registration is being requested by the Organizing Com-

mittee and cards will soon be available but facilities will be arranged 
for registration at the entry to the National Gallery Auditorium at 
nine o'clock on the mornings of April 11 and 12. 

Chairman of the Organizing Committee is Hans Reiche of the Army 
Equipment Engineering Establishment, Ottawa. Proceedings are in the 
hands of H. D. Adam of the Canadian Military Electronics Standards 
Agency. 72 Queen Street, Ottawa. 

Committee Preparing Handbook on Sound 
The Sound Equipment Engineering Committee of the Electronics 

Division is preparing an informative handbook for architects and 
engineers which will examine why, when, where and how sound 
systems should be used. 

Chairman of the Committee is R. H. Tanner, Northern Electric 
Company Limited, Ottawa, one of the foremost sound engineers in the 
country. 

The handbook will outline the reasons for using sound systems, 
the times and places where they should be used and some of the basic 
design factors which will assist architects, consulting engineers and 
others in assuring that the best and least obtrusive results will be 
obtained. 

For complete act-ails cher k Flo. 24 
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LENKURT... recognized leader in telecommunication systems • • microwave • data and telrgraph • supervcsion and control • military electronics 

LOW INITIAL COST 

UNITIZED CONSTRUCTION 

MINIMUM MAINTENANCE 

SYNCHRONIZED 

The type 34A Carrier System is a fully transistorized 

stackable, single sideband supressed carrier system operat-

ing in the frequency range between 4 kc and 112 kc and 

has been designed primarily for light-route radio applica-

tions. Full synchronization an d' economical party line oper-

ation are only two of the many features of this new 24 

channel system. 

For further information contact Lenkurt Electric Co. of 

Canada, Ltd., 7018 Lougheed Highway, North Burnaby 

P.O., Vancouver, B.C., or any of our district offices in 

major cities across Canada. 

LENKURT ELECTRIC 
iiili-R—A'iTézéphso,vé&ELECTRO/V/CS'   

For complete details check No. 23 on handy card page 69 
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6661,4 

SERVING CANADA THE NORTHERN WAY 

f.ce4ckr, 
5 ' 

15,000 Northern People . . . individuals all with different per-

sonalities ... different lives ... holding various positions ... making 

numerous products ... but all linked together by a common bond as a 

member & the Northern Electric family, in the design, manufacture, 

and installation of a large proportion of Canada's telephone com-

munication systems and equipment. " They produce all types of 

electrical wire and cable for communication and power trans-

mission, and distribute a complete line of electrical apparatus and 

supplies. At Northern Electric, product research and develop-

ment never stops, and continuing progress is made in the 

communication, electrical It 

Electric wire and cable fields.n orthere  
COMPANY LIMITED 

8 

For complete details chock No. 25 on handy card, page 69 



NEW HIGH IN 

RELIABIlrITY 

EXCLUSIVE 

HEATLESS SEAL RECTIFIERS 

1111111110:«11111111111 

This new line of heatless seal silicon rectifiers by 
Transitron, the originator of the silicon rectifier, 
brings to the electronic industry a notable new ad-
vance in the state of the art. 

The reliability of internal rectifier junctions is now 
further enhanced because no heat is used to seal the 
packages. Cap and base are joined by the "cold flow" 
of copper into steel as the parts are forced together 
under high pressure. Rectifier junctions are no longer 
exposed to contamination by the sputtering or 
splashing of molten metals or by flux fumes and 
gases, weld flashes, or hot sparks. Therefore the new 
process creates the most reliable hermetic seal yet at-
tained in silicon rectifiers. Consequently heatless seal 
rectifiers meet or exceed all required military and in-
dustrial tests for moisture resistance and hermeticity. 
Four series now in quantity production are avail-
able for immediate delivery. 

For further information, write for bulletins indi-
cated in the chart at right. 

TWICE SIZE 

- milt 
SERIES TYPE PEAK INVERSE VOLTAGE (VOLTS) BULLETIN 

NUMBER 

50 100 150 200 250 300 350 400 500 600 

3 AMP TYPES !NMI 
(T747) 

INI582 
(EMIT) 

INI583 
(TM21) 

INI584 
(TM37) 

IRISAS 
(TM41) 

1111586 
(T8157) 

1111587 
(TM67) 

TE-1351F 

20 AMP TYPES 1N248A 1N249A TR152 111250A TR252 TR302 TR352 11402 TR502 TR602 TE-1351K 

35 AMP TYPES TR53 TRIO3 TRI53 TR203 TR253 TR303 TR3S3 TR403 TR503 TR603 TE-135111-1 

MILITARY 
TYPES 

1 N253 1 N254 15255 IN2S6 TE-I336 

Bases and caps supplied by Standard Pressed Steel Co., Jenkintown, Pa. 

Tra n§it ro n 
electronic corporation of Canada, Ltd. 

SALES OFFICES IN TORONTO AND MONTREAL 
For quantities 1-999 call your nearest Transition Industrial Distributor. 



Winner of the 1961 IRE Canadian Elec-
t,onics .2onference Award for a Canadian 
component — Miniature 455 kc filter. 

Miniature size — 114" x 234" x 1' 

¿if 6 db shape factor approximatelY 2 1. 

Available for 30 kc or 60 kc ch miel 
spacing with large choice of bend 
,e, c1ths and impedance match. 

Production quantities at price com-
petitive with the lowest on the market. 

The same Engineering Group 

now give you 

THE FERRITRON 

The Ferritron module is a complete, 
factory pre-adjusted, high quality F.M. 
Stereo Multiplex Demodulator ready 
for chassis mounting. Feeds from a 
B+ supply of approximately 140 volts 
15 ma and 6.3v, 0.6A heater source. 
Uses two 12AU7's and a pair of diodes. 
Built-in are a special stereo presence 
indicator circuit, a separation control, 
a de-emphasis network and also 19 kc., 
38 kc. and 67 kc. sharp rejection 
filters. Switchable noise filter optional. 

Size: 4-5/8" x 

Complete multiplex adapters also 
available. 

FERRITRONICS LIMITED 
(Filters) 

TRANSWAVE 
ELECTRONICS CO. 

(FM Stereo Devices) 

17 Colville Road, Toronto 15, Ontario. 
(Phone 241-4641 and 241-4643) 

941* .,Aurpmememzem.enummeamanneememeami ................................... 
Canadian 

R adio 
T echnical 

Fe lanning 

B oard newsletter 
by R. C. Poulter 

1 7th Annual Meeting Again Elects Officers 
Frank Pounsett Returned as President 

F. H. R. Pounsett, Philips Electronics Industries Limited, Toronto, 
was re-elected President of the Planning Board at the 17th Annual 
Meeting held recently in Ottawa's Chateau Laurier Hotel. 

Many of the country's top scientists and engineers, representing 

every facet of communications services and equipment manufacture, 
attended the one-day forum. They heard F. G. Nixon, Director of 
Telecommunications and Electronics in the Department of Transport, 
discuss Canada's role in the future of space radiocommunication by 
passive and active satellites and of the country's interest in the work 
of the CCIR, the ITU's Consultative Committee on International Radio. 

Besides reporting on a heavy list of projects completed throughout 
the year the delegates laid out an impressive program of work for 
1962. Planning for Canada's part in the future use of the radio 
spectrum, the space radiocommunication question and a serious 

appraisal of frequency tolerances and methods of measurement are 
just some of the many projects to be undertaken by the various 
committees of the Board in the coming year. 

Technical Coordinator Sees Expanding Need For Frequencies 
In his annual report to the Board, the Technical Coordinator, Ralph 

A. Hackbusch says there is a continuing need for more allocations for 
new and expanded communication services. Some of the additional 
requirements must come from designs of equipment and systems which 
require less spectrum space such as was the case in split channelling 
for the Land Mobile Service. "Other approaches appear to reside in 
the use of Single Sideband equipment for some services," Mr. 
Hackbusch said. 

In order to provide communication systems occupying less channel 
space, and to provide reliable systems performance, there is a need to 
have a systems concept or a systems specification which will provide a 
basis for preparing the specifications for the transmission and reception 
equipment which will be type-approved, or which will have type-
acceptance to operate under license granted by the Department of 
Transport to the user. A report on the activities of a special committee 
set up to study the problems in this area was made by the Vice-
President, C. J. Bridgeland. 

President Reports on Spectrum Utilization 
In his report to the Board President Pounsett said that it was 

clearly indicated at the last Annual Meeting that the Board should 
direct its attention more towards matters of efficient spectrum utili-
zation and place less emphasis on detailed specifications. He outlined 
the steps which the Executive Committee has taken to accomplish this. 

He pointed out that at a meeting of the Standards and Allocations 
Committee held early in the year a general review was made of the 
status of frequency requirements in the various fields and since then 
several committees and sponsors have prepared reports or briefs which 
will be coordinated and rationalized where necessary at forthcoming 
meetings. It has become evident in connection with this activity that 
the presently active committees do not represent completely the 
interests in radio frequency requirements of all of the Sponsors of 
the Board, nor of the public at large and it is therefore advisable to 
reactivate the General Utilities and Public Service Committee. The 
membership in this committee is now being finalized and the first 
meeting should be called shortly, Mr. Pounsett reported. 

Continued on page 77 
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Class V —up to 100 operations per second. 

where extra high speed and long life 
are both Important 

Helpful selection data 
Class V Series 

LIFE EXPECTANCY 
More than 1 billion operations, without change, 

maintenance or adjustment 

OPERATING SPEED 
Up to 100 opeiations per second 

OPERATE TIME 
Approx. 3 milliseconds 

CONTACT LOAD RATING 
Will switch 250 volt-ampere loads with 

max. of 5 amps, 500 volts 

TEMPERATURE RANGE 
Minimum — 30°C (freezing point of mercury). 

Maximum 107°C internal 
(melting point of potting material). 

VIBRATION 
10 G, 10-500 c.p.s. no mechanical damage). 

The new Class V Relay by Auto-
matic Electric, is designed to 
meet the exacting requirements 
of data processing equipment, 
automatic control devices, and 
high-speed keying circuits. A 
mercury-wetted-contact relay, 
it can make 100 transfers a second, 
with an operate time of 3 milli-
seconds and no trace of contact 
bounce. Effective life is more than 
1 billion operations. 

Because of its unique construc-
tion, the new Class V requires no 
maintenance whatsoever. Con-
tact and armature assemblies are 

hermetically sealed in a glass 
capsule with a high pressure hy-
drogen atmosphere, and mercury 
wetting renews the contacts con-
tinuously, eliminating both wear 
and welding problems. The relay 
is wax-potted and enclosed in a 
rugged steel cover. With its 
standard octal plug it can be in-
stalled in seconds. 

If you would like further details, 
call or write Automatic Electric 
Sales (Canada) Limited, 185 
Bartley Drive, Toronto, Ontario. 
Branches across Canada. 

AUTOMATIC ELECTRIC 
Subsidiary of 

GENERAL TELEPHONE &ELECTRON/OS 
:Ïu7 

AN ORGANIZATION SERVING CANADIAN INDUSTRIES WITH COMMUNICATION AND CONTROL SYSTEMS 
6114 

For complete detrils check No. 4 on handy card, page 69 
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CAREER OPPORTUNITIES IN ADVANCED ELECTRONICS... 
RCA Victor in Canada is building the 
Receiver Transmitter for the commu-
nications satellite shown in the artist's 
impression above. Scheduled to go 
into orbit late this summer, Project 
Relay is being built for the United 
States' National Aercrautics and 
Space Administration, and will pioneer 
a new realm ... global television. 

Diversification in Design and Develop-
ment Engineeiing is the keynote at 
RCA Victor. At our Montreal plant 
extensive engireering programmes are 
conducted on a wide variety of projects 

wholly Canadian in design and de-
velopment. 

At RCA Victor, opportunities exist at 
all experience levels for graduates in 
Electrical Engineering and Engineering 
Physics to work with distinguished 
technical teams on advanced engineer-
ing and research projects. To en-
gineers and scientists RCA Victor 
offers excellent starting salaries . . . 
plus a comprehensive employee be-
nefit programme. 

Our wide range of activity includes 
theoretical and practical work in: 

• Microwave and Scatter Communic-
ations 

• Military Systems 

• Antennas 

• Installation and Service 

• Radar 

• Systems and Reliability Studies 

• TV and AM Broadcast 

• Microwave Physics 

• Solid State Physics 

• Semi-Conductor Applications 

Applicants interested in a career with the Company should contact: 

Technical Employment Manager 

RCA VICTOR COMPANY, LTD. 
1001 Lenoir Street, Montreal 30, Quebec 

THE MOST TRUSTED NAME IN ELECTRONICS 
For complete details check No. 29 on handy card, page 69 
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SHIP MORE/SAVE MORE WITH TCA 

ae g 
AIR FREIGHT 
BETWEEN CANADA AND BRITAIN 

Transatlantic rates go way down 

when weight goes up! 

The combined services of TCA and BOAC 
enable exporters and importers to substantially 
reduce transatlantic shipping costs and cut 
overhead. In addition, they provide you with 
frequent, swift, and big-capacity freighter service 
unmatched by any other airline. The larger the 
consignment, the lower the cost of shipping 
your product to or from England, Scotland and 
Ireland. TCA Air Freight offers you a choice of 
money-saving rate structures: low, volume-dis-
count rates and specific commodity rates. (Your 
freight forwarder can help you take advantage 
of the tremendous savings possible on trans-
atlantic shipments.) Ship TCA Air Freight and 
you speed your products to market, release 
tied-up capital, quickly re-stock overseas outlets, 
eliminate or reduce warehousing, and capitalize 
on low packaging and insurance rates. 

Frequent, fast, big-capacity freighter 

Two great airlines, TCA and BOAC, offer you 
unmatched service. Ship to Britain, any day — 
all goods sent on first available flight; fast one-
carrier service all the way via swift TCA DC-8 
or BOAC 707 jets or DC-7F all-freighter service; 
all the capacity you want (10,000 lb. on every 
DC-8 or 707 jet flight— up to 35,000 on DC-7F.) 

SAMPLE RATES 
(low rates, too, between all other Canadian 
and overseas points) 

Weight 
Shipment 

Under 100 lbs. 

100-220 lbs. 

220-550 lbs. 

550-1100 lbs. 

1100-2200 lbs. 

Over 2200 lbs. 

Montreal Toronto/ Winnipeg Vancouver 
London Hamilton London London 

London 

RATE PER POUND 

96e 

66e 

48e 

40e 

36e 

32e 

$1.01 

.70 

.52 

.44 

.40 

.36 

$1.10 $1.18 

.79 .87 

.61 .71 

.5;:; .64 

.e .60 

.45 .56 

Special lower Eates available on Export 
shipments of 16,500 lbs. and over! 

service 

You can profit from the many benefits of TCA/ 
BOAC service to Britain plus regu ar TCA 
jet services to France, Germany, Belgium, 
Switzerland and Austria, with excellent connec-
tions to all Europe. For profitable ideas on ship-
ping your product, see your Freight Forwarder 
or nearest TCA. Air Freight office. 

TRANS-CANADA AIR LINES AIR CANADA 

For complete details check No. 36 on handy card, page 69 
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the industry's business 

Improved economic conditions 
stimulate TV sale rise 
Television sales in 1961 continued 

ahead of same period in 1960, said F. 
W. Radcliffe, general manager, Elec-
tronic Industries Association of Can-
ada. 
At October 31, 1961, the increase 

for the 10 months compared to same 
period in 1960 was 1.7 per cent — 
232,765 units vs. 228,734. This as re-
ported by Receiver Division members. 
Improved economic conditions have 
stimulated trading-in old models. The 
replacement market has definitely 
opened up. October saw increased de-
mand for portable TV's and radio-TV 
phonograph distributor sales to deal-
ers were at an all time high. 

Inventories at factory and distribu-
tor levels continue to show decreases 
— down 23.4 per cent for the EIA 
member group compared to October 
31, 1960. Inventory shortages of many 
models were reported. 

Many manufacturers of commercial 
and industrial electronic equipment 
report substantial contracts secured 
and sales increases over last year. 
There is a real shortage of engineers 
and trained technicians in this section 
of the industry. 

The Federal Government's plans to 
assist in Industrial Research are most 
encouraging and will provide the Elec-
tronics Industry with the stimulus to 
develop the products required to sus-
tain increased future employment and 
production. 

M:.5giiKeMiMieggeMiMeeeenneenammeakemi 

Hewlett-Packard establishes 
new Canadian subsidiary 
Due to the rapid growth of the 

Hewlett-Packard product line and the 
increasing demand for their products 
in Canada, the company is establish-
ing a new subsidiary to be known as 
Hewlett-Packard (Canada) Ltd. Begin-
ning January 1, 1962, this subsidiary 
will handle the sale of all test instru-
ments in Canada. 
The new Canadian subsidiary will 

be fully staffed by Hewlett-Packard 
sales engineering and service person-
nel recruited in Canada. The com-
pany's principal office, warehouse and 
service facility will be in Montreal. 
For added convenience, there will also 
be branch offices in Toronto and 
Ottawa 

Canadian industry to 
benefit from joint 
development program 
A joint development program by 

Westinghouse Electric Corporation 
and the Remington-Rand Division of 
Sperry-Rand Corporation will give 
Canadian industry the benefits of new 
and improved control systems. 
For the past several years, Canadian 

Westinghouse has been actively en-
gaged in local development work 
which has produced controls spe-
cifically for the Canadian market 
based on original Westinghouse Elec-
tric Corporation design. 
"The new joint development pro-

gram brings to bear on manufacturing 

Shown accepting the first of Collins Canada emergency UHF transceivers for 
the CF-104 Super Star fighter is Air Vice Marshal C. L. Annis, Air Offlcer Com-
manding Air Materiel Command. A. I. O. Davies, director of sales for Collins 
Canada, presents the unit. At left, D. B. Mundy, director of the Electronics 
Branch of the Department of Defense Production, and at right, J. L. Plant, 
Collins Canada vice-president and general manager, look on. 

process problems the combined experi-
ence and abilities of three organiza-
tions and will result in an advanced 
line of modern control systems. Our 
liaison with the American study teams 
has already begun," said H. N. Muller, 
vice-president of Canadian Westing-
house. 

Under the joint agreement, Reming-
ton-Rand through its Univac division 
and Westinghouse will develop an en-
tirely new and advanced line of com-
puters for the process control field, 
which will combine industrial and 
business data processing systems. Both 
companies will continue independent 
research in their specific fields. 

200 classroom TV receivers 
installed in Metro schools 
A television receiver specially de-

signed for the schoolroom has been 
developed by Canadian Admiral Cor-
poration and nearly 200 are now in 
use in Metropolitan Toronto schools. 
The Boards of Education of the City 

of Toronto and neighboring North 
York have installed the new sets in 
local schools. 

Special features not found in home 
TV include two half-doors which serve 
as light shields when open and permit 
locking the set when closed. The clos-
ing of the doors automatically shuts 
off the receiver. The classroom set 
features the latest wide-angle 23-inch 
bonded picture tube with safety glass 
bonded directly to the tube faceplate, 
thus reducing glare and reflection and 
increasing contrast. A polished chrome 
tubular steel stand raises the receiver 
to proper viewing height for the class. 

RCAF receives first 
emergency transceiver 
from Collins Radio 

First of the Collins UHF Emergency 
Transceivers for the CF-104 Super 
Starfighter was delivered recently to 
Air Vice-Marshal C. L. Annis, Air 
Officer Commanding Air Materiel 
Command. He accepted the AN/ARC-
504 at the Toronto plant of Collins 
Radio Company of Canada Ltd., where 
the unit was designed and manufac-
tured. 

D. B. Mundy, director of the Elec-
tronics Branch of the Department of 
Defense Production and J. L. Plant, 
Collins Canada Vice-President and 
General Manager, were present as 
A.I.O. Davies, Collins Canada Director 
of Sales, delivered the unit, 11 days 
ahead of schedule The production 
contract for 250 AN/ARC-504 trans-
ceivers will be completed by July 
1962. 
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Clairtone triples sales 
and expands to 
larger plant facilities 
Clairtone Sound Corp. Ltd., Toronto. 

reports that total sales from January 
to August, 1961, were more than triple 
those of the similar eight-month period 
in 1960. 

Sales rose from $422,746 to $1,396,-
772 and are expected to be between 
$31/2  to $4 million by the end of 1961, 
Peter M. Munk, President, announced. 

"Clairtone is now the largest selling 
name in stereo hi-fi on the Canadian 
market, and by far the best-selling 
Canadian line in the United States," 
Mr. Munk said. U.S. sales, which cur-
rently make up approximately 1/3 of 
the total volume, will probably equal 
or exceed Canadian sales within the 
next year or two, he predicted 

A result of the company's success 
is the fact that it has considerably 
outgrown its present facilities and is 
now having a new plant built on 
Ronson Drive (just above Highway 
401 in Etobicoke Township, Toronto). 

Northern Electric opens 
R & D laboratory 
On November 13, 1961, the new 

home of Northern Electric's Research 
and Development Laboratories was 
officially opened by Dr. C. J. Mac-
kenzie, CMG, MC, DSc., FRS. 

This new research laboratory, in 
which "snow white" environmental 
conditions are maintained, is situated 
in a garden in Ottawa's green belt, 
two miles west of the city, on Highway 
No. 17. 

Andrew Antenna expands 
manufacturing facilities 
Andrew Antenna Corp. Ltd. an-

nounced the expansion of manufactur-
ing facilities in Whitby, Ontario, to 
provide a complete line of antennas 
and transmission lines for the Cana-
dian antenna system market from one 
integrated Canadian manufacturer. 

The new factory and office area, 
more than four times larger than the 
previous area, will allow shipment 
from stock for standard products as 
well as fast, economical production of 
special, non-standard components. New 
products, such as large aluminum 
waveguide and parabolic antennas 
larger than 10 feet in diameter, will be 
fabricated in Canada for the first 
time. 

Additions to test facilities now allow 
pre-production and production testing 
of components in all commercial bands 
including the 7 ICMC microwave band. 

Styled and planned for Clairtone by designer Hugh Spencer, this $500,000 
building will have 80,000 square feet of floor area when completed. 

Northern Electric's new Research and Development Laboratories 
on Highway 17 near Ottawa. 

Andrew Antenna Corporation Ltd. 
factory in Whitby, Ontario. 

Lenkurt Electric's new accommodations provide an area of 74,000 
for company expansion. 

square feet 

Inspection procedures instituted to 
meet military quality requirements 
insure continuing quality improvement 
for commercial components. 

Lenkurt expcnds production 
facilities to meet 
growing market 
For the second time since their move 

to Burnaby in 1956, Lenkurt Electric 
Co. of Canada, Ltd., a subsidiary of 
General Telephone and Electronics 

are located 

F e' 

expanded their facilities with this new 

International Inc, is expanding its 
factory and offices to accommodate 
increased production requirements. 
Land has been levelled, foundations 

poured, and actual construction is 
forging ahead on the 40,000 sq. ft., 
addition that will bring the total build-
ing area to 74.000 sq. ft. With comple-
tion scheduled for early in the new 
year Lenkurt will have increased 
facilities to meet the growing com-
petition in both the Canadian and 
International markets. 

Continued on page 61 
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NEW L. W -NUILL 
MOTOR GENERATORS 

NOW MADE IN CANADA BY DAYSTROM ! 

Daystrom has whittled the null output volt-
ages of its Size 9 and 11 Motor Generators 
down to a slim 0.003 and 0.006 respectively. 
Signal to noise ratio gets a big boost up to 
120:1 for Size 9 and 100:1 for Size 11. Line-
arity is within .25%. A wide range of gear 
ratios can be furnished. 

Complete specifications with drawings and 
charts are yours for the asking. Other types 

6135 

I  

CANADIAN PLANT—COOKSVILLE 

and sizes of motor and motor generators are 
also available. And be sure to get complete 
details on our new synchro line. 

For more information, call or write 
Daystrom Limited, 1480 Dundas Highway E., 
Cooksville, Ontario; 5430 Ferrier Street, 
Montreal 9, Quebec. A subsidiary of Daystrom, 
Incorporated. 

"IlikDAYSTR 0 NI LIMITED 
LIIM111/ 
WORLD LEADERS IN MEASUREMENT AND CONTROL 

For complete details check No. 14 on handy card, page 69 
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Would you buy 

fixed resistors 

just because they're the 

easiest to solder? 

Of course you wouldn't! 
But when you add the highest degree of " solderabi ,ity" of any resistors on 

the market to top-notch reliability in other physica and electrical charac-

teristics — well, that's something else. Like a lot of other cost-conscious 

producers, you'll then be using Stackpole Coldite 70-t- Resistors! 

Stackpole Coldite 70+ "solderability" saves time and money in your 

production. It assures perfect connections that eliminate a lot of pos-

sibilities for costly field service later on. 

Coldite 70+ performance fully matches the "solderability" of the 

leads. They're designed to meet or excel MIL-R-11 in every respect. 

And they're tops in load life, humidity and moisture tests! 

CANADIAN STACKPOLE LIMITED • 550 Evans Ave, Toronto 14, Ontario 

MCKPOLE 
MJAL, ewri 

ele 
fixed composition resistors 

CERAMAG)1, FERRITE CORES • VARIABLE COMPOSITION RESISTORS • SLIDE & SNAP 
SWITCHES • CERAMAGNEre CERAMIC MAGNETS • FIXED COMPOSITION CAPACITORS 
BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT • ELECTRICAL CONTACTS 
GRAPHITE BEARINGS, SEAL RINGS, ANODES • HUNDREDS OF RELATED CARBON & 

GRAPHITE PRODUCTS. 

For complete details check No. 9 on handy card, page 69 
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COLLINS 1 ICROWAVE AN D CARRIER 
t .` 
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The Performance, Capacity, Economy, And Flexibility To Grow With our Operation 

• a • 

oweeme. .r ange.n 

croadine e,iessret 

• r 

e, 

*, 
e"1. e, P, 

"MAI 
11, 

Collins MX-106 Transistorized Carrier, combined with Collins microwave RF 
equipment, offers the flexibility, channel capacity and long-hop capability needed 
to meet the most exacting microwave/carrier requirements. The MX-106, incorpo-
rating the high reliability inherent in transistorized equipment with a saving of up to 
90% in power consumption, provides up to 600 toll-quality voice channels. With up 
to five watts output front Collins RF equipment, it delivers all the capability you 

• need for long-haul systems across miles of rugged terrain. 

• Take advantage of as much — or as little — of this capacity as you need in custom 
• tailoring a microwave/carrier system to your particular needs. With Collins micro-
* wave, you can start with a few channels, then easily and economically expand your 

system to meet any changing requirements — including those for high-speed data and 
TV transmission. Options include both space and frequency diversity. 

For further information and technical literature, contact Collins Radio Company of 
Canada, Ltd., 11 Bermondsey Road, Toronto, Ontario. 

COLLINS 
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EHIND THE MAGIC 

OF TOLL DIALING... 

stands the existing net work of specialized wires and cables that feeds the modern 

telephone system. The functioning of the entire complex depends upon the 
reliability of this wide range of conductors. 
Almost as old as the communications industry it serves, Ph illips has the experience, 
the manufacturing facilities and the advanced technical knowledge necessary to 
produce telephone wires and cables that are second to none! 

Phillips Electrical Company Limited, Read Office—Brockville, 
Ontario. Branches—Halifax, Montreal, Ottawa, Toronto, 
Hamilton, Winnipeg, Edmonton, Vancouver. The Canadian 
affiliate of the BICC Group. Phillips Telephone Wires & Cables 
are also distributed in Canada by Automatic Electric Sales 
(Canada) Limited. 

* 

ectrica/ 

fr— lIMITED  

WIRES CABLES 6C35 



Designer drafts master layout of printed circuit design on dimensionally stable CRONAFLEX. Inset shows 

detail: solid lines indicate circuitry on component side of board; broken lines, circuitry on reverse side. 

At Bendix-Pacific 

CRONAFLEX* CUTS COSTS, 

SPEEDS PREPARATION OF PRINTED CIRCUITS 
Versatile CRONAFLEX Engineering Reproduction and Draft-
ing Films have made possible a new, simplified method of 
preparing printed circuits at Bendix Corporation's Bendix-
Pacific Division. Not only has it proven much more efficient 
and economical, it also assures uniform quality of finished 
boards and steps up the entire production cycle. 

Commenting on the procedure, Edward E. Benjamin, 
Methods and Design Standards Engineer, says: "CRONA-
FLEX lets us do a better, faster job, at lower cost, all along 
the line. For master layouts, where basic design begins, 
CRONAFLEX Drafting Film is ideal. It holds its size under 
var) ing temperature and humidity conditions, takes era-
sures and handling without damage, and has a far superior 
matte surface. 

"From the master layout we make our master trans-
parency, machine board drawing and assembly board draw-
ing, using CRONAFLEX Direct Positive. Here again results 
are phenomenal. In the assembly drawing alone, for ex-
ample, we've cut drafting time from 3-5 days to 4-8 hours! 
Add to this elimination of the negative step, fast printback 

*POO 

and excellent halftone quality, and you'll see why we're 
sold on CRONAFLEX!" 

For a FREE booklet that describes this new method in 
detail, plus information on the many ways CRONAFLEX can 
help your firm cut costs and increase efficiency, clip and 
mail this handy coupon now. 
*Registered trademark of E. I. du Pont de Nemours & Co. ( ¡ne.) 

Du Pont of Canada Limited 
Photo Products 
85, Eglinton Avenue East 
Toronto 12, Ontario 
Please send me without obligation: 
[1] Free booklet, "A Photographic Method for Preparing 

Printed Circuits." 

fl Information on the Full Line of CRONAFLEX Engineer-
ing Reproduction and Drafting Films. 

Name  
Firm 

Address-

City _ _ _ Zone _ Prov. 

BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 

1 

For complete details check No. 16 on handy card, page 69 
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...hatch a new design 

NEW produces from. RAYTHEON 

Looking for new ideas? New Raytheon Raysistors«. may 
be the componen% you need to spark a new design or 
solve a circuit problem. 

Raysistors are four terminal circuit components. They 
consist of a light source and photocell assembled in a 
light-tight casing. When the input to the light source is 
varied, the photocell resistance changes — without electri-
cal connection between the light source and photocell, and 
without moving parts. The result: low noise pedestal-free 

switching of AC or DC signals over a wick dynamic range 
without transients, contact or wiper chatter. 

Raysistors come in a wide range of types: standard, printed 
circuit, miniature, high voltage. They are ideal for use 
as relays, potentiometers, choppers and isolation for high 
voltages. For complete technical data, please write: 
Raytheon Canada Limited, Commercial Sales Division, 
Waterloo, Ontario. 

RAYTHEON CANADA 
LIMITED 

WATERLOO, ONTARIO 

For complete details check No. 30 on handy card, page 69 



industry personnel 

R. F. Russell S. R. Harting A. G. Temple D. Reynolds 

L. A. Borth W. F. Haehnel W. Wallace W. P. Tobias 

Eight appointments at 
Litton announced 

Litton Systems ( Canada) Limited 
has announced the following ap-
pointments: 

R. F. Russell as procurement man-
ager, S. R. Harling as material con-
troller, L. A. Borth as engineering 
manager, W. F. Haehnel as systems 
test manager. A. G. Temple as produc-
tion manager. Electro-Mechanical, W. 
Wallace as quality control manager, 
D. Reynolds as plant services man-
ager and W. P. Tobias as chief 
accountant. 

Mr. Russell was educated in Eng-
land and has had 15 years purchasing 
experience. 
Mr. Harling was also educated in 

England and has had 12 years expe-
rience in production and material 
control activities. 

Mr. Borth, a graduate of Queen's 
University and the University of To-
ronto, has 14 years experience in the 
electronics development field. 

Mr. Haehnel, a graduate of the Uni-
versity of Toronto, has served on the 
engineering staff of U. of T. and has 
10 years experience in the electronics 
development field. 

Mr. Temple received a technical 
education in England and has 15 years 
experience in the manufacture of pre-
cision instruments. 

Mr. Wallace received a technical 
education in Scotland and has held 
managerial positions in the quality 
control field for the past 10 years. 

Mr. Reynolds is a graduate of St. 
Andrews University, Scotland (BSc.). 
He was formerly employed by Avro 

Aircraft Limited as assistant service 
manager. 
Mr. Tobias is a graduate of the U. 

of T. (B. Comm.) and a Certified 
Public Accountant. 

Whiteley joins 
Lynch Communications 
John T. Whiteley has joined the 

engineering staff at Lynch Communi-
cation Systems Inc. and will be en-
gaged primarily in product and modi-
fication engineering. Mr. Whiteley 
was formerly with the British Colum-
bia Telephone Company in Vancouver, 
British Columbia. Prior to that he 
was with the Associated Electrical 
Ind. Ltd. in London, England, for 
three years and on the Fraser River 
Board in Victor, British Columbia. He 
received his Bachelor of Applied 
Science in Electrical Engineering at 
the University of British Columbia. 

Currie receives director's 
post in U.S. 

G. Barron Mallory, President of P. 
R. Mallory & Co. Inc., announced the 
appointment of Robert A. Currie to 
the newly established post of Director 
of Public Relations, effective Novem-
ber 6. Mr. Currie's offices will be at 
the Mallory Company's headquarters 
in Indianapolis. 

Mr. Currie was with the Bell Tele-
phone System in both the United 
States and Canada for more than 10 
years, and recently he has admin-
istered a large part of the New York 
Telephone Company's state - wide 

Sola Basic Products names 
manufacturing manager 

Reginald B. Bozek has been named 
manufacturing manager of Sola-Basic 
Products. Ltd., Toronto, Ont. Mr. 
Bozek will be responsible for all 
phases of production and engineer-
ing. The new manufacturing manager, 
31, had been production manager of 
Oki & Willadsen, Ltd., since 1959 and 
had previously been chief engineer 
for Coldstream Refrigerator Manu-
facturing Co. of Winnipeg. A gradu-
ate of the University of Saskatchewan, 
Bozek holds the bachelor of science 
degree in electrical engineering and 
has studied in the field of business 
management. 

Eight businessmen elected to 
Board of Governors 
The Hon. Robert Macaulay, Q.C., 

Minister, Department of Economics 
and Development, announced recently 
the appointment of eight prominent 
Ontario businessmen to the Board 
of Governors of the Ontario Research 
Foundation. 

The appointments include: E. H. 
Ainley, Treasurer, National Trust 
Company Ltd.; J. D. Barrington, Presi-
dent, McIntyre Mines; Paul McNamara, 
President, Federal Equipment of Can-
ada Ltd.; W. F. McLean, President, 
Canada Packers Ltd.; C. A. Pollock, 
President, Dominion Electrohome In-
dustries Ltd.; E. R. Rowzee, President, 
Polymer Corporation Ltd.; V. W. T. 
Scully, President, The Steel Company 
of Canada Ltd. and W. O. Twaits, 
President, Imperial Oil Ltd. 

The foregoing appointments an-
nounced by Mr. Macaulay will bring 
the Board to maximum statutory 
figure of 25 members drawn from 
science and industry. 

Hill becomes marketing 
manager for Can. Westinghouse 
The appointment of Edward W. Hill 

as marketing manager for the Cana-
dian Westinghouse Switchgear and 

Control division has been announced. 

His previous post was manager of the 

company's Utility Department. Mr. 
Hill joined Westinghouse in 1948, fol-
lowing graduation from the University 
of Toronto. 
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Hewlett-Packard forms 
Canadian sales company 
Hem lett-Packard Company recently 

announced the formation of a Cana-
dian sales company to handle the sale 
of Hewlett-Packard products in Can-
ada. 

The new company, Hewlett-Packard 
(Canada) Ltd., will have its principal 
office, warehouse and service facility 
in Montreal with branch offices in 
Ottawa and Toronto. It began opera-
tions January 1, according to W. Noel 
Eldred, Hewlett-Packard's vice-presi-
dent of marketing. 

Mr. Eldred also announced that 
Ralph Haywood has been appointed 
manager of Hewlett-Packard (Canada) 
Ltd. 

Haywood was formerly eastern 
regional manager of R-O-R Associates, 
a Canadian electronic sales repre-
sentative firm. Prior to joining R-O-R 
Associates in 1955, he was with the 
research and development staff of 
RCA Victor in Montreal. He is an 
electrical engineering graduate of the 
University of Manitoba in Winnipeg. 

S. Parsons P. Dernick 

R. C. Enright R. Haywood 

Enright added to 
Deskin staff 
A. Deskin Sales Corp. have an-

nounced the addition of R. C. (Bob) 
Enright to their sales staff. Mr. 
Enright has spent the last 10 years 
in the Industry at Philips Electronics, 
Canadian Arsenals, and most recently 
with Cannon Electric. He will be 
servicing all accounts in the Southern 
Ontario area and brings with him a 
wealth of knowledge in the electronic 
component field. 

In line with this announcement 
Deskin Sales Corp. would like to point 
out that they are now located at 3180 
St. Clair Ave. E., Scarborough. 

Dernick named 
division manager 

Peter Dernick, P.Eng., was ap-
pointed manager of the Computer & 
Data Processing Divison of Instronics 
Limited. Mr. Dernick has had many 
years of experience in the digital 
computer field with Computing 
Devices of Canada. 

Former Canadian engineer 
appointed to U.S. firm 
Appointment of Stuart Parsons to 

the post of general manager and mem-
ber on board of directors for Remanco, 
Inc., Santa Monica, California, manu-
facturer of dynamic radar simulators 
and microwave test equipment, was 
announced by Ronald W. Ryall, presi-
dent. 

Parsons formerly was associated 
with Litton Systems, Inc. of Woodland 
Hills, Calif. as director, applications 
engineering — Guidance and Control 
Systems division; Computing Devices 
of Canada, Ottawa, Canada, as vice-
president, engineering; and with the 
National Research Council of Canada, 
Ottawa, Ontario, as radar development 
engineer. 

A graduate of the University of Sas-
aktchewan where he received a degree 
in physics, Parsons is also a member 
of the Institute of Aerospace Sciences 
and the Institute of Navigation. 

Instrument Division 
manager announced 
A. Cameron (MIRE) was named 

manager of the Instrument Division 
of Instronics Limited. Mr. Cameron 
has extensive experience with the 
Defense Research Board as a techni-
cal officer. He has joined Instronics 
Limited from the Prince Albert Radar 
Laboratory of DRB, where he was 
responsible for much of the operation 
and maintenance. 

Raytheon names Gates 
as manager 

Robert E. Gates of Franklin, Mass., 
has been named manager, Field Appli-
cation Engineering for Raytheon Com-
pany's Industrial Components Divi-
sion. Mr. Gates will direct application 
engineering services for the division's 
industrial and military end-use cus-
tomers. 
Before joining the division's engi-

neering department in 959, Mr. Gates 
was plant engineer for Sylvania Elec-
tric ( Canada) Limited and applica-
tion engineer for Radio Valve Com-
pany of Canada. A native of Fort 
William, Ontario, he served in the 

Royal Canadian Air Force during 
World War II. He received a Bache-
lor of Applied Science degree in engi-
neering physics from University of 
Toronto. 

Bentob joins Andrew staff 
Meyer T. Bentob has joined the 

sales engineering staff of Andrew 
Antenna Corporation, Ltd., Whitby, 
Ontario, as an applications engineer. 
Mr. Bentob, formerly of Canadian-
Marconi Company, has had wide ex-
perience in antenna system design 
and development work, both in Eng-
land and Canada. He will temporarily 
headquarter in Montreal and serve 
Andrew customers in the Montreal-
Ottawa areas. 

Hind heads Edo (Canada) Ltd. 
Ralph R. Hind was elected president 

of Edo ( Canada) Ltd., Cornwall, Ont., 
at a meeting of the board of directors. 
He succeeds Archibald M. Brown, who 
was elected chairman of the board. 

Mr. Hind has been vice-president 
and general manager of Edo ( Canada) 
Ltd. since the founding of the firm in 
1957. A native of Weyburn, Sask., 
he studied engineering at Rutherford 
College in England and served as an 
officer in the Royal Canadian Navy 
for 17 years before joining this com-
pany. 

R. E. Gates R. R. Hind 

A. Cameron P. S. Moric 

Supplies sales rep for 
Automatic Electric 

Paul S. Moric was appointed sales 
representative — Supplies Products 
serving the Province of Alberta for 
Automatic Electric Sales (Canada) 
Limited. Mr. Moric joined Automatic 
Electric's Edmonton sales office in 
February, 1960. 

ELECTRONICS AND COMMUNICATIONS. January, 1962 
23 



Low Current 
Silicon Rectifiers 

22 types, with ratings from 0.15 amps 
to 1.50 amps; 100 to 2800 piv. 

Medium Current 
Silicon Rectifiers 

36 types, with ratings from 2 amps to 
35 amps; 100 to 600 piv; many with 
choice of positive or negative base 
polarity. 

High Current 
Silicon Rectifiers 

36 types, with ratings from 50 amps 
to 1000 amps; 100 to 600 piv; most 
with choice of base polarity. 

Tube Replacement 
Silicon Rectifiers 

Long life, cool-operating, compact 
units replacing 95% of all popular 
vacuum tube rectifiers. P1V ratings 
from 1600 to 10,400; dc output cur-
rent ratings, 250 to 750 ma. 

High Voltage Cartridge 
Silicon Rectifiers 

Ferrule mounted and axial lead 
series, each in 18 different types; 600 
to 16,000 piv. 

Silicon 
Voltage Regulators 

Regular series: 93 types in VI, 1, and 
10 watt classifications ; 5.6 to 100 volts 
breakdown. Special series: 17 types, 
1 watt, 6 to 105 volts breakdown; 
excellent performance at low cost. 

7Invitations 
to invention in circuit design... 
seven lines of Tarzian semicon-
ductor products offering depend-
able performance at realistic 
prices, plus interested and in-
formed application engineering 
service and production and de-
velopment facilities to help you 
solve special problems or meet 
special requirements. Tell us 
your need or send for our newest 
catalogs, or both. 

/ World's Leading Manufacturers of TV and FM Tuners • Closed Circuit TV Systems • Broadcast 

Equ,pment • Air Trimmers • FM Radios • Magnetic Recording Tape • Semiconductor Devices 

SEMICONDUCTOR DIVISION • BLOOMINGTON, INDIANA 

  In Canada: 700 Weston Rd., Toronto 9 • Export: Ad Auriema, Inc., New York 

Surge Suppressors 
I 36 types, polarized, single phase and 
three-phase non polarized; max-
imum discharge currents from 0.25 
to 33.0 amps. New application data 

catalog. 

SARKES TARZIAN, INC. 
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MICRO SWITCH Precision Switches 

Start your panel design with the 

Reliability, Styling and Flexibility of 

MICRO SWITCH lighted push-button switches 

The flexibility of MICRO SWITCH "Series 2" lighted push-button switches 

enables you to precisely tailor your control panel to your requirements. 

Hundreds of switch and indicator combinations can be assembled by simply 

snapping together the correct modular parts. Their clean, modern styling 

complements your panel design without dominating it. Most important, any 

of the 18 switch units you select has MICRO SWITCH reliability. That's why 

these " Series 2" switches serve on some of the most crucially important 

control panels in the world. Call your nearest Honeywell office or write 

Honeywell Controls Limited, Precision Components Division. Toronto 17. Ask 

for Catalog 67. 

Honeywell 
MICRO SWITCH Precision Switches 

It's a snap! Modular parts snap to-
gether and then snap into panel 
slots without tools. 

HONEYWELL INTERNATIONAL 

Sales and sesvice offices in- ad principal cities of the 
world. itkanutscturing in United States, United King-
dom, Canada, Netherlands,Germany, France, Japan. 

Z-4 

Operato. 
Indicator 
Module 

Display Screen 

Mounting 
Barrier 

db 
11:1 0t: 

Switch Module 

Save 50% on space. Indicator and 
switching unit are combined in 
one device to save panel space. 
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MADE IN Ilk CANADA 

MICRO SWITCH Precision Switches 

Hundreds of switch and indicator combinations 
... with MICRO SWITCH reliability 
The functional color combinations on "Series 2" switches can be split later-

ally or longitudinally. Up to four colors can be used behind each display 

screen. Projected color makes it possible for the display screen to change 

color to indicate a change in the circuit. 

Available switching units include hermetically sealed units, small but 

rugged long-life types and space-saving subminiature assemblies. Momen-
tary-contact or alternate-action units are available in a choice of circuitry to 

exactly match requirements. Insist on MICRO SWITCH reliability by specify-
ing " Series 2" push-button switches for your panel. You may obtain prompt 
engineering help by calling your nearest Honeywell office or writing 

Honeywell Controls Limited, Precision Components Division, Toronto 17, 

Ontario. Ask for Catalog 67. 

HONEYWELL INTERNATIONAL 

Sales and service offices in all principal c:ties of the 
world. Manufacturing in United States, UrJted King-
dom, Canada, Netherlands, Germany, France, Japan, 

H 
H 4EYWRI 

Honeywell 
MICRO SWITCH Precision Switches 
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Figure 1. Circuit diagram of the new RC-coupled mono-stable flip-flop. Transistors used are type 2n664. (patent 
applied for) 

SWITCHING CIRCUITS 

A new RC coupled 

monostable flip-flop 

. . . new monostable flip-flop features fast waveforms 
unaffected by large changes in de line voltage 

by J. Rywak* 

(first publication of a paper read at the Canadian IRE Electronics Conference, October 1961) 

Introduction 

In conventional two transistor monostable circuits 
the RC timing network is connected directly between 
the collector of one transistor and base of the other. 
Such fixed coupling makes the circuits very susceptible 
to triggering by noise, or spikes, in power supplies. The 
collector leakage currents, which affect the capacitor 
charging current, cause variation in the "operate time" 
with variation in temperature. The recovery of the 
timing network, after operate cycle, is usually of the 
order of 10 per cent of the operate time and hence 
such monostable flip-flops are not ready for retriggering 
until after the elapse of this additional time. 

and is 

The new monostable flip-flop 
The monostable flip-flop shown in Figure 1 can 

tolerate "spikes" in power supplies up to 90 per cent 
or more of the supply voltage and the only leakage 
currents affecting the timing capacitor are the reverse 
currents of diodes DI, Do and D3 which usually are 
much less than one microamp. Also, the timing network 
has very rapid recovery, being about 2 per cent of the 
operate time. 
Quiescent State 

Referring to Figure 1, during standby Q1 is ON 
and Q2 is OFF. Since R4 < R5 point (C) is above 

*See page 29 
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ground by the magnitude of the voltage drop through 
D3. Because the voltage drop across Do is the same 
as that across Da the base of Q2 is at ground potential 
and hence Q2 is held OFF. Q, is held ON in saturation 
by Ro and the negative potential of the collector of Q2. 

Figure 2. Representative waveforms of the circuit 
given in Figure 1. 

Operate State 
With the application of a positive trigger to the 

base of Qi this transistor is turned off permitting point 
(A) to fall to — 15 volts. Because R:1 < R4 points (B) 
and (C), being coupled together through the timing 
capacitor, fall to about —8 and —7 volts respectively 
causing diodes D1, Do and Da to become reverse-biased. 
With the base of Q. being no longer help up at ground 
potential by D2, transistor Q9 is turned ON into satura-
tion by R3. Point (D) rises to approximately ground 
potential and, through Ro and R1, causes the base of 
Qi to be held slightly positive with respect to ground 
and consequently, Qi to be held in its OFF state. The 
flip-flop is now in its triggered, or "operated" state. 
For the circuit to function as just described: 

R5 > R4 > R3   ( 1) 
The timing capacitor now begins to charge through 

R3 and R4; point ( B) falls towards — 15 volts and point 
(C) rises towards + 15 volts as may be seen in Figure 2. 
When point (C) passes ground potential Do becomes 
forward-biased and after a short period completely 
replaces the base current of Qo which had been 
flowing through R5. With Qo cut OFF point (D) drops 
towards — 15 volts causing Qi to be turned ON. As 
point ( A) rises towards ground DI becomes forward-
biased causing point ( B) to rise as well. Because of 
the capacitive coupling, point (C) rises along with ( B) 
producing, through D2, an even more rapid decrease 
in the base curent, and hence collector current, of Q.. 
This regenerative action produces a rapid reset of the 
circuit. As point (C) is driven above ground diode Da 
becomes forward biased permitting the timing capacitor 
to be discharged to ground. It may be seen that the 
maximum discharge current of the capacitor is limited 
only by the maximum permissible collector current of 
Qi and the forward resistances of Diodes DI and D3. 
Hence very rapid recovery is realized with the new 
arrangement. 

Timing equation 
As may be seen in Figure 3 (a) the capacitor voltage 

waveforms have two distinct portions and the charging 
currents are shown as P:i when diode D2 is still reverse-
biased and i', , during the period when the base current 
of Q. is being replaced by the current of D2 up to the 
instant when regeneration and reset occur. 

In Figure 3 ( a) the circuit and charging current 
waveforms during the ON time of the circuit are shown. 
Attention is directed to the fact that only the beta 
of Q2 is influential during the P. portion of the charging 
current. The beta of Qi has virtually no effect. 

With the initial and final values of P. as given in 
Figures 3 ( b) and 4 the following timing equation may 
be deduced: 

[ 2R4  
(2) tr = C (R3 + R4) In R3 + R4 -I- R3in 

1 + R4( 1  
) 02R6 

E 
It is shown in Figure 4 that 1,2   because the 

f32R6 

collector voltage of Qo is slightly modified by the base 
current of Qi flowing through Ro just prior to regenera-
tion. The effect of the base current of Qi on tT is 
negligible. 

Transients in power supplies 
The common monostable flip-flop is most susceptible 

to positive-going transients, or spikes, in the negative 
voltage supply. With the new circuit a positive-going 
spike in the positive voltage supply only increases the 
current through D3 ( See Figure 1) and has no effect 
on Qo at all. For such a spike to trigger regeneration 
it would have to be sufficiently large that it would 
increase the current through R1 to a point where it 
would be approaching the values of the base current 
of Q,. Negative spikes in either the positive or nega-
tive power supplies would have to contain sufficient 
energy to discharge the timing capacitor by an amount 
approximately equal to that of the forward drop of 
diode Do in order to permit Qo to turn ON. 

For a positive going spike in the negative power 

Figure 3a. (above) Timing capacitor charging currents. 
Figure 3b. (below) Charging circuit network and 
expressions for initial and final conditions. 
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supply the flip-flop will trigger when Qi is turned OFF. 
As may be deduced from Figure 5 the spike will have 
an immediate influence on the base of Qi through 
resistors R. and R0; the capacitor will not absorb any of 
the energy content of the spike as it does for the 
negative going spikes. 

With a positive going spike superimposed on the 
negative power supply the voltage, for the duration of 
the spike, becomes —E1 as shown in Figure 5. It may 
be observed that there exists a value for —E1 where 
the current 2 flowing through R. ± R6 approaches the 
value of current i1 flowing through R1 at which time 
the base current LI of 1141 will have decreased to the 
point where Qi will begin to turn OFF permitting the 
flip-flop to trigger. The relationship of the currents 
surrounding Q1 at this time are shown in Figure 5. 
It is to be noted that in the final expression showing 
the amplitude of the spike e, at which the circuit 
triggers only the beta of Ch has any significant influence. 

[ ( 1 R2 + R6 . 
(3) i.e. et, = E 1 — 

R1 [R2 ± R61 

aiRT 
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If in the design of the circuit, the resistor values are 
so chosen that when Qi is cut OFF by a spike the 
reference points ( B) and (C) cannot fall below ground, 
then no regeneration can take place. 

Hence: 

R3 
E — = E 
R4 

or (from Fig. 5) 

(4) E 
R3 E [  13iRr(R2 ± R6)  

— 
R4 RI 01RT — (R2 ± R6) 

therefore 

(5) 
RiR3(R2 ± R6)  

131111in RIR3RT — R4RT(R2 ± R6) • 

From the above it may be observed that if the denomi-
nator is made equal to zero then the circuit will not 
trigger even for infinitely large values of pi, and if ( 5) 
is satisfied the circuit will not trigger with pl min 
either. 

(6) 
R4  R1  

R3 < R2 ± R6 

Typical circuit design: 

Figure 5 and equation (3) may be used as a guide 
in the design of the new monostable flip-flop from 
which it may be seen that terms Ri and piRT should 
be maximized and term ( R. ± R6) minimized. 

Conditions to be satisfied are: 

I3  

— E 

—E 

AT TIME OF RECOVERY V0=0 

HENCE i4 = 

115 .7% 

.1 

SINCE P4 + .= 14 e- R3C 

t"=R 3C In 
1-1-R4 (d76 - 

• • 1T=C (63+64)In•21 —+R3In  
R3TR4 •Ft) 

Figure 4. (top) theoretical waveform, (center) switch-
ing system ( bottom) switching equations. 

(a) R6 > R4 > R3 

RI  R4 
(b) 

R2 + R6 > R- 3 

RIR3(R2 R6)  
(c) 

RTRIR3 — R4(R2 + R6) $, min 

Component limits: 
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FOR ii+VE"GOING TRIGGER IN — E  

TRIGGERING OCCURS WHEN 01 

GOES OUT OF SATURATION 

THEN El = 01 ibi RT R3 R7 

WHERE RT R34.R7 

i2 1 

E 
OR E  =--  — 

R2+R6,s,RT + 

MONOSTABLE TRIGGERS WHEN: 

1E 11 =  E [SI RT (R2±R6)  

IR 1 /31R T —(R2+R6) 

OR SPIKE AMPLITUDE et r = E—E i 

I ( R2 ±R6 
THEN etr = E I 

I— R2-1-R 6 

RT 

IN DESIGN OF CIRCUIT 

MAXIMIZE R1 AND ,9,R T 

MINIMIZE ( R2-f- R6 ) 

+E +E 

03 

Figure 5. Transient triggering equations and (lower 
right) equivalent circuit. 

+E 

—E 

timin = 30, fimax = 60 

Diode Leakage = 10 u amp max 

/co = 60 u amp max 

/cmax = 200 ma 

I+EI = I— El 

Required "operate" time: 

tr = 100 µ s. 

The value of R6, across which the output is taken, 
is dependent upon the requirements of the load that 
is to be driven. Therefore, as a starting point: R6 may 
be assumed to have a value of 1.2K. 

For Q2 to saturate R6 = B2 min (R6) 

=.30 ( 1.2) = 36 K 

Use R5 = 33 K 

The value of R1 should be the maximum possible 

15 
Hence R1 - E  r — =- 250K 

co max .1.M 

Use R1 = 240 K 

During recovery L, should be largely the capacitor 
discharge current hence RT, which is the parallel combi-
nation of R3 and R7, should not be too small. However, 
for the reference point (C) to drop several volts below 

ground when the flip-flop is triggered, R3 should be 
substantially less than R4. 

During standby the minimum current through R4 
(I4..i.) is: 

E 
14 mlii = co max 

R5 

15 
= 5-j + .06 = 0.515 ma 

15 „ 2 K Hence R4 max — 
0.515 - 

Use R4 = 27 K 

For the requirement that R3 be substantially less 
than R4 it may be assumed that the potential at (B) 
and (C) immediately after triggering will be equal to 

E 

2 

R3 E 
Therefore R3 + R4 (2E) = 

R3 = 9.0 K 

Use R8 = 8.2 K 

Condition R6 > R4 > R3 is therefore satisfied. 

The value of R7 must be such that 40 max flowing 
through it will produce a potential at ( A) (the collector 
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of Qi) equal to or more negative than the most negative 
potential at ( B). This is necessary so that diode DI is 
reverse-biased during the "operate" period of the 
circuit. The most negative value of point (B) occurs 
when the charge on the capacitor has built up to the 
point where (C) is at ground and the base current of 
Q2 has decreased sufficiently to initiate regeneration. 
In Figure 4 it is shown that the current through B3 at 
that instant is 

Hence 

[12 + 42 — 

, 
V(13) — 113(RE 4 -r E E 02 ma. Re R5) E 

15  15  15) 15 = 
= 8.2G- + 

60(1.2) 33 

—12.48 volts 

Therefore /coma. (R7) < [14 + 1.52 — I5JR3 

(.308)(8.2)  
or R7 < — 31.5 K 

.08 

Use R7 = 27 K 

For rapid recovery it is essential that the capacitor 
be discharged as quickly as is safely possible. Hence 
the maximum discharge current will be: 

E(R3 + R7) 15(8.2 ± 27)  
/cm« — — 200 — 

R3R7 (8.2)(27) 

197.6 ma 

From 

/ E E 

01 max R1 R2 ± Rg 

R2 ER101 max Rg 
D 

— 1‘ I 4.1 -r E191 max 

15(240)(60)  
1.2 = 3.22 K 

200(240) ± 15(60) 

Use R2 = 3.3 K 

Since 

R1 R4 
— 53.3 and — = 3.3 

R2 ± Rg R3 

R1  R4  requirement that R2 ± R6 > is met 

R1R3(R2 ± R6) 
From (5)   RIR3RT — R4RD(R2 ± R6) — 0.76 

Then requirement (5) is also met. 
For 100 its operate time (using eqn. (2): 

C —   
2R4 

(R3 ± R4) ln R3 + R4 ± 

T 

R31n[ 

1 

1 + R4( 
Plea Rib) 

2(27)  
(8.2 ± 27) ln 8.2 -1- 27 + 

8.2 1n[ 

1 ± 27(60(11 .2) 313)] 

1 

= 0.00502 uf 

It may be observed here that of the 100 µS. 
operate time the term 

2R4  
(R3 ± R4) In R3 + R4 

accounts for 76 µS and the term 

R3 In 

1 -I- RiL ir?-6 — 

accounts for 24 µS. It should be noted that the 
second term is dependent slightly on '32. In the 
above calculations 02 = 60 was used. If /32 = 30 
had been used the operate time would be 80 µS 
of which the first term again would contribute 76 MS 
while the second term would contribute only 4 µS. 
At the end of "operate" time the flip-flop begins 

to reset when the collector voltage of Q2 (point (D)) 

R2E drops by approximately -- volts below the 
RI 

saturation voltage. Hence 02 should be measured 
at a collector voltage of about 0.5 and collector 

current of 
R 

Conclusions and observations: 

In Figure 6 are shown oscilloscope photographs of 
the waveforms of the timing capacitors. In both, Figure 
6(a) and 6(b), the rising waveform is applicable to 
the upper side of the capacitor [point (C) in Figure 1] 
and the falling waveform is that of the lower side, 
[point ( B)]. 

1 

Figure 6a. Timing capaci-
tor charging waveforms. 
Upper curve — point `C', 
lower curve — point «13'. 
(scan time = 100µS. Am-
plitude — point 'C' = 7V. 
and point 'B' = 2.7V. 
Value of B2 = 60. 

Figure 6b. Waveforms as 
above, but B2 = 60. 
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Figure 7. Upper curve — charging waveform at point 
'C', lower curve — output waveform at point 'D'. Grid 
calibration: 10itS/div_ 5 volts/div. 

quardeli 
""ligemzeimm 
is mu! 

Figure 8. Upper curve — leading edge of output in 
Figure 7. Lower curve — trailing edge of output in 
Figure 7. Grid calibration: 0.1µS/div., 5 volts/dim 

In Figure 6(a) and 6(b) the betas of Q2 at Vc = 0.5 
volts and L = 12.5 ma were selected to be 60 and 30, 
respectively, within about 5 per cent tolerance. It may 
be seen that there is reasonable agreement with pre-
dicted operate times. In both displays the first portion 
of the charging curve is about 72 µS: during this period 
all diodes are reverse-biased and the timing capacitor 
charges through R. and R. However, when the upper 
curve reaches ground potential and Ib2 begins to in-

COMPUTING AMPLIFIERS 

fluence the charging current it is at this point that 132 
enters into consideration. Calculations predicted this 
second portion of the delay to be 24 µS for #2 = 60 
and 4 ¡LS for #2 = 30 and Figure 6 verifies these calcu-
lations reasonably well. 

The duration of the monostable flip-flop recovery, 
or discharging of the timing capacitor after reset, is 
clearly seen in Figure 6 as a small blip in the upper 
waveform lasting just under two µS. The flip-flop is 
ready for retriggering immediately thereafter. 

If a fine control for the "operate" time is required 
R4 can be made variable. Care must be taken that over 
the full range of R4 the principal relationship 
R5 > R4 > R3 is not violated. The "operate, or ON, 
period of the circuit may easily be interrupted at any 
time with the application of a positive pulse to the base 
of Q9. The normal regenerative reset and recovery 
quickly discharges the capacitor in the manner already 
described. 

Because both transistors are disconnected from the 
timing circuit during the "operate" period a secondary 
output from the collector of Q may also be taken. 
It should be noted, of course, that Qi may not be 
loaded as heavily as Q. 

In Figure 7 the upper waveform is the same as 
in Figure 6(a), only different scope sensitivity are in-
volved and the lower waveform is the output voltage 
(D) at the collector of Q. The small rounding off at the 
upper right corner of the waveform shows the collector 
of Q2 coming out of saturation just prior to regeneration 
and reset. 

Shown in Figure 8 is the expanded waveform re-
corded at 0.1 µS per scale division and it can be seen 
that both the rise and fall times are well under this 
value when using 2N644 transistors. The maximum 
jitter that was observed on the trailing edge of the 
80 µS pulse was about .04 µS or 0.05 per cent. 
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A design analysis of the 

operational amplifier 

. . . detailed analysis shows scope and limitations of operational 
amplifier . . . 

by V. Ma k)lepszy 

SUMMARY 
A design analysis, which establishes para-

meter values for the Operational Amplifier as 

a function of required computation accuracy 
is presented herein. The role of the Stabilizer 
as a part of the computing amplifier is empha-
sized and several design aspects concerning 

performance of the Operational Amplifier are 
discussed. Factors determining the figure of 

merit of an Operational Amplifier are given 
and numerical examples are presented. 

I. Introduction 
The importance of the operational amplifier as a 

basic building block in analog computers is well known 
and its broad application to other eleptronic fields has 
been widely published. However this design analysis, 
which establishes parameter values of the operational 
amplifier as a function of required computation accuracy 
is mostly limited to general considerations. In com-
puting systems, which require hundreds of operational 
amplifiers exact specification of the amplifier perfor-

*See page 34 
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mance is required to avoid unnecessary costly over-
design and development problems ( i.e. amplifier insta-
bility), making a careful analysis of such amplifiers 
very important. 

The present study gives a breakdown of computing 
errors, their relationship to computing accuracy and 
discusses factors having a bearing on the error magni-
tude. On the basis of the results obtained, the para-
meters of the operational amplifier are calculated. The 
results of the analysis can also be used to calculate the 
accuracy of computation using a given amplifier, when 
its parameters are known. 

2. Summary of the design analysis of 
unstabilized operational amplifiers 

The operational amplifier without drift stabilization 
is illustrated in Figure 1. An analysis of this basic 

VI 

R 2 
\AN\- ---

V2 

Figure 1. Basic diagram of operational amplifier. 

system yields the following important transfer equa-
tions. 

Voltage at the output of Operational Amplifier: 

K V1 j_  1  
KV + R.I + AI,R2 

— V 2  nominal /- I + flil 1 - 0 

( 1 ) output  — (1+K)(d14-d2-Fd3)+  VA, 

error 

where: 

VI = signal voltage 

= total output voltage 

d = drift referred to the amplifier input: dl d2 d:1; 

(11 — drift due to DC supply voltage variation 
(13 — drift due to heater voltage variation 
d3 — drift due to aging 

VN -= noise voltage 

= grid current 

R1 = summing resistor 

R2 = feedback resistor 

A = open loop gain 

(i ± V 2 
R )-1 

V2 —   
nominal --1-

output 
(2) 

1  
1 ± OAK ± R21, IgR2 — (1 ± + 

error 

Results of the analysis can be summarized as follows: 
1. —KV. The desired output signal equals —KVI, all 

other terms represent error. 

1 
2.   KVi — error due to finite amplifier gain 

1+ pA 
and input-feedback network configuration. It can be 
reduced by increasing the amplifier gain or by feedback 
resistor selection, if it is permissible. 
3. ILL — error due to grid current, which can be 

balanced off. 
4. ALR, — error due to change of grid current; 

depends on tube properties; it can be made small 
by proper selection of tube and/or circuitry 
("starved" stage). The effects of L and pIg on the 
output voltage are independent of the amplifier 
gains (open loop or effective gain). 

5. ( 1 K)d — total drift at the amplifier output, 
depends on the amplifier active element circuitry and 
the effect of the first stage is most significant. The 
output drift is nearly independent of the amplifier 
open-loop gain and is nearly proportional to the 
effective gain of the amplifier. In this unstabilized 
type of amplifier no special provision exists to 
diminish this error. 

6. VN noise at the output; this depends mainly on 
the noise factor at the input stage including pick-up 
in the wiring. 

It is necessary to point out that in practical ampli-
fiers V2 is a function of frequency, and accuracy of com-
putation will be influenced by this quantity. 

3. Summary of the design analysis of the 
DC stabilized operational amplifier 

The DC stabilized operational amplifier contains a 
DC amplifier and a stabilizer ( drift correcting unit), 
as illustrated in Figure 2. 

2 

Figure 2. Diagram of chopper stabilized operational 
amplifier. 

The design analysis of the stabilizer 
The stabilizer contains a driftless AC amplifier, 

modulator, demodulator input and output filters as 
shown in Figure 3. The effect of the stabilizer upon the 
operational amplifier circuit is generally summarized 
as merely a drift reduction in a ratio equal to the 
overall DC/DC gain of the stabilizer. The design 
analysis of this circuit reveals that its effect is much 
more complex than this simple picture would suggest 
and the stabilizer gain should be much higher than 
that required for reduction of drift. The stabilizer must 
also fulfill the stability criterion of the operational 
amplifier. To secure absolute stability of the feedback 
system the slope of response characteristic of the 
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amplifier should not exceed 6 db/octave. This is 
achieved by means of suitable filters ( see: General 
Response of the operational amplifier with stabilizer, 
Figure 4). The other function of the filters is to 
suppress any signal in synchronism with the chopper 
frequency, using an "input" filter and to reduce the 
demodulator ripple by means of the output filter. The 
stabilizer should fulfill the following conditions: 

• Reduction of drift according to required ratio: 
Output drift of DC stabilized (K 1) d 
operational amplifier : d—, =   

B + 1 
where: B = DC/DC gain of the stabilizer. 

(K 1) d = drift of unstabilized operational 
amplifier. 

the other symbols are as defined in formula ( 1). 
d 

Required stabilizer gain: B > (K 1) 
d out 

• Sufficient suppression of the signal frequency 
in synchronization with the chopper frequency 
(to prevent modification of the drift by means 
of the signal information). 

1 1 W(chopper)  
— W1 cut-off < 

10 

10 10 5  
T1 > , 

VV chopper 2/rf chopper wf chopper 

where: T1 = RIC]. = time constant of the in-
put filter. ( see Figure 3). 

• Sufficient suppression of the chopper ripple: 
acceptable output ripple content (part of total 
error) = V. ripple 
the ripple content at the 
stabilizer output: 

V = VO ripple  s  
K 1 

required attenuation of the chopper fre-
quency = N 

N
Stabilizer Output without smoothing capacitor 

— 
V, 

d 

Figure 3. System diagram 
for the chopper stabilized 
operational amplifier. 

To achieve the above attenuation, the cut-off 
frequency of the output filter is given by: 

feut-off, — N 
Ígyfijp_m_ 

1 N  
— T2 > 

2r f cut-off 2 2 r fchopper 

T2 -= R2C2 > N 
27r feel:Ter 

where: T., = R2C2 = output filter time con-
stant (see Figure 3). 

• Requirements for proper shaping of the Ampli-
fier gain and phase characteristics in order to 
fulfill the stability criteria as indicated in 
Figure 4. 
(a) To avoid the change of shape of the DC 

Amplifier characteristic because of the 
stabilizer: 

ewareàwzm.agâazeaem-mrzrsemumue, mmtm,m.w, 
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f cut-off < f 
1 cut-off DC Amplifier 

(b) To have the stabilizer gain characteristic 
dropping uniformly at approximately 6db/ 
octave: 

T2 > 
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• Drift information should not be changed by 
means of the stabilizer. 

(a) The amount of distortion and phase shift 
should be independent of the drift ampli-
tude. 

(b) The output filter must be able to follow 
drift variations: 

f cut-off > f 
2 drift rate of change 

Summary of the results of the Design Analysis of the 
Operational Amplifier with Stabilizer. 

Equation 3, below, is the basic transfer equation of 
the operational amplifier with the stabilizer. Reference 
should be made to Figure 3. 

nominal 

(3) V2  output  

= 
error 

1 K + 1  
+ 1 ± /3AKV1± 1,1?2± AIR2 B 1d 

error 

— (K + 1)dv (K 1)V,+ (K ± 1)Vh±VN 

where: (K 1) V. = output to chopper ripple 
and 

(K 1) Vh = output due to rectification of 
hum and pick-up noise in the 
stabilizer. 

= Stabilizer DC drift referring to the stabi-
lizer input. 

V. = Chopper ripple at the stabilizer output. 

Vh = hum and power supply ripple and pickup 
noise at the stabilizer input. 

The above equation indicates that the stabilizer 
reduces error due to drift by the factor B 1, but has 
no effect on the error due to grid current or its deri-
vative. 

If drift occurs in the stabilizer circuit it can be 
referred to the stabilizer input as the drift voltage d.. 
As is shown in equation 3, di, is only a function of K 
and is independent of A and B. 

The stabilizer presence has no effect on the noise 
level of the operational amplifier, because of the prac-
tical narrow frequency band of the stabilizer. 

4. Summary of considerations in design of the 
operational amplifier 
From the above design analysis several conclusions 

may be drawn, and the following comments are applic-
able: 

• Stabilizer gain versus operational amplifier 
performance 

The drift of the operational amplifier can be reduced 
by increasing the stabilizer gain, as it is shown in 
equ. (3). In connection with boosting the stabilizer 
gain a word of warning is necessary. A gain increase 
of the stabilizer may adversely effect the stability of 
the operational amplifier (this is self-explanatory in 
Figure 4) especially if fnui_oft of the DC amplifier is 
low and the time-constands RiCi and R2C2 have signifi-
cant values. On the other hand the stabilizer gain boost 
does not necessarily mean an improvement of perform-
ance of operational amplifier itself. It should be 
realized that drift is only a part of the total error and 
when the gain of the stabilizer increases, the other 

factors, independent of stabilizer gain i.e. error due 
to finite gain of the amplifier start to predominate. The 
drift error will generally be diminished to a small 
fraction of the total error, therefore very large values 
of stabilizer gain do not particularly improve the per-
formance of the operational amplifier. 

The power supply variation versus drift of the 
operational amplifier 

Analysis of the operational amplifier indicates that 
drift is primarily due to changes of the parameters 
of active elements within the amplifier mostly in the 
first stage, with variations of DC supply, heater 
voltage and component aging also contributing. These 
sources of drift can be minimized, and in a good design, 
a condition can be reached where the component due 
to aging is the pre-dominant one present. 

In summary total acceptable drift: 

=d max = 
acceptable 
maximum 

dint.. = dl d2 cl3 
drift due drift due drift due 
to DC to heater to aging 
supply voltage 
variation variation 

It is obvious that to have d3 large, d1 and d2 must 
be kept small. This can be achieved by means of power 
supplies properly regulated. The 7.1: Ebb supply stability 
is the most important in the input stage (the main 
source of drift), which if "starved" requires currents 
of the order of a fraction of a milli-ampere. Regulation 
of heater voltage to within 1 per cent does not impose 
any serious practical difficulty or significant cost in-
crease. Underrunning heaters tend to produce good 
results. 

Drift versus time measurements usually indicates 
that after approx. 200 hrs. (depending on the type of 
active element) the drift levels-off with relatively small 
random variations and long term operation without 
frequent balancing can be expected. Every effort 
should be made to cancel as much of the power supply 
effect as possible. In the case of the stabilized opera-
tional amplifier, the effect of power supply variations 
is less ominous due to the action of the stabilizer, but 
even in this case, it is good policy to diminish the 

f fi 

B= STABILIZER GAIN 

A = D.C.AMPLIFIER GAIN 

f f 

-6db/oct. 

CUTOFF 8=1 CUT CUT OFF CHOPPER 
OFF D.C. AMPLI. 

LOG- FREQUENCY -0-
Figure 4. Frequency response asymptotes for the 
chopper stabilized amplifier. 

drift due to the power supply by means of appropriate 
design of the latter. 
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Overall DC gain versus operational 
amplifier performance 

High overall DC gain AB (see equation 3) of the 
operational amplifier so often quoted as a figure of 
merit is evidently not the decisive factor of the opera-
tional amplifier performance. 

In case of the stabilized operational amplifier work-
ing in a summing role, the moderate stabilizer gain 
diminishes drift to such a small value that total error 
is approximately equal to the error due to the finite 
gain employed. The error due to this finite value is 
a function of A and not B (see equation 3), therefore 
the value of A is the important criterion not the prod-
uct AB. The ultimate limit of accuracy is imposed 
primarily by the elements of the input and feedback 
networks. Good quality resistors have 0.1% to 0.01% 
accuracy, however, their values drift with age, tempera-
ture and humidity so total D.C. gain AB of order of 
several tens of millions has little practical meaning 
owing to limits imposed by passive elements, grid cur-
rent, rectified a-c pickup form chopper, hum pickup, 
amplifier noise, and so forth . . . this is indicated in 
Appendix 1. Similarly in the case of the stabilized 
amplifier connected an integrator, it is not the product 
AB, but the integrating capacitor which ultimately 
limits the accuracy of computation. (See Appendix 3.) 
Although many capacitors have very high leakage 
resistance, their capacity variation with temperature 
represents a limiting condition. In two examples pre-
sented in Appendix 3, the error due to finite gain AB 
is 0.0015% and 0.0023% in case of short and long time 
integration respectively. 

More rigid computing system requirement demand 
operational amplifiers with high DC amplifier gain 'A' 
and small drift per unit time referred amplifier input. 
Similarly, appraisal of any operational amplifier should 
be based on knowledge of A and not product of A and 
B alone, as is so often done. 

Effect of configuration of summing and feedback 
networks on computing accuracy of the operational 
amplifier 

As it is shown in equation 1 the error due to finite 
gain is a function of the input network configuration 
(see Appendix 2). Therefore the total error, as well 
as the accuracy of computation depends also on the 
number of summing resistors as well as the ratio of 
their values in respect to the feedback resistor. 

Conclusions 
In large analog computers the operational amplifier 

accounts for a significant percentage of the total cost. 
It is therefore most important to design the amplifiers 
to fulfill adequately the computer requirements. It 
must be emphasized that TOTAL ERROR is the main 
design criterion or figure of merit, not gain A x B or 
drift. Of this TOTAL ERROR the drift is only one of 
the general factors and with a stabilizer of moderate 
gain it became insignificant compared to the sum of 
the other factors. Gain of DC amplifiers without stabil-
izer A should be sharply differentiated from total gain 
AB. due to the importance of A especially in case of 
unstabilized amplifier performance. Unnecessarily large 
values of A x B involve an unwarranted cost penalty 
and in practical feedback systems can cause system 
instability. 

Appendix 1 
Two numerical examples, using less sophisticated 

formulae than in eq. (1) and (3) are presented: 

(1) Operational Amplifier without Stabilizer 

1  
- V2 = KV ± KV2 (4) 

1 ± I3A 

/„R2 — (1 K)d; 

where symbols have the same meaning than in case 

of eq. ( 1). Assume: K = 2; ET (total error) < V2 

X 0.2%. Calculation will be made for 50 y output: 

50 v out X 0.2% = 0.1 y = 100 mV. 

VI = 25 V V2 = 50 V 
0 5 M K 2 

(E = error) 

all errors referring to output: 

total error. Er = 100 mV 
see eq. (4). 

R2I,, 106 2 X 10—'6 A = 1 mV 

I„R2 10—'M X 106 = 1 mV 

= 1% ET, balancing not important, 

may be measured or given by 1 mV 

manufacturer. 1 mV 

— (1 + K)d; assume: 10 mV refer-

ring to input is average value for 

medium quality DC amplifier. 30 mV 

EK V1 balance available: 100 mV — 32 mV = 68 mV. 

EKV2 = 68 mV 

32 mV 

68  68  
E  = TOW' — 103 X 2 X 25 — 0.00136 

E% = 0.136%1E% — 1 r oil 

A
100 100 X 100 X 103 2200 

— 
OE% — 33 X 136 

A = necessary voltage gain at the maximum com-

puting frequency to get required accuracy. 

(2) Operational Amplifier with Stabilizer. 

- V2 = KV1 + M K V 1,R2 + A/9/22 (5) 

K 1 d (K 1)dB 
—B 1 

K = 2; ET = V2 X 0.02%. 

Calculation for 50 y output. 

errors referring to output: 
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total error ET = 

R2I = 10% ET (should be balanced-out)0 

à/gR2 = 10-"A X 1069 = .1 mV 0.1 mV 

K + 1  
d 

B + 1 
2 + 1  

X  50 1 10 mV = 0.6 mV 

assuming B = 50 

-(K + 1)d1 = (2 1) X 

demodulator drift. 27 mV  
50 

1.5 mV 

(assuming drift in demodulator = 27mV). 

10 mV 

3.2 
mV 

EK V, balance left: 10-3.2 = 6.8 mV 6.8 mV 

EKVI = 6.8 mV 

6.8 mV 6.8  
E - KV, 102 X 2 X 25 - 0'000136 

E% - 0.0136% 

A = 100 100 X 100 X 104 - 22 000 
OE% - 33 X 136 

.1 22,000 

(at max. frequency to be computed). 

Appendix 2 

The D.C. Amplifier error due to finite gain and the 
input network configuration: 

(circuit of Figure 1 applies.) 

error due to finite gain A of the D.C. Amplifier = 

RI + R2 
Rill 1  

Rill  ± - 4_ RI ± R2 
R1.1 R, + R2 

1 1 1 
1 + R i A 1 + 0 .1 

R, + R2 1‘.2 
1 R— I 

(1 + t)-1= /3 by definition; 

1percentage error: Ev% 1 1 1;900A 

assuming: A = 30,000 R2 = 1 M R1 = 0.5 M 

e = + = (1 + 2)-4 = 0.33 

100 
1 -1- 33 X 10-2 X 3 X 104 - 

100  
- 1 + 104 0.01% 

R R2 
1 + + = ( + = 

L=1 It { R, 

R,=0-5M 

10 
SUMMING -.AAA. 
RESISTORS --

Assuming . I :30,000 

R2= I Meg 

- 

100  
IEv%1 = 1 -I- 5 X 10-2 X 3 X 104 - 0.07% 

As it is shown above, the error IE„I increased 
approximately 7 times due to the change of the 
input network configuration. It is theoretically 
possible to compensate for this error by means of 
adjustment of the feedback or individual summing 
resistor values. However such adjustment is very 
tedious and not always practical. 

Appendix 3 

Operational amplifier-integrator considerations 

1. Integrator Output—general case 

1.1. Nominal putput of ideal integrator 

(See diagram below) is: 

1 ` 
172 = V nominal = if — dl. 

RC o 

assuming V1 = const 
V, X t 

V nominal - 
RC 

1.2. Breakdown of errors at the integrator out-
put. 

Error due to offset, drift, chopper pick-up, 
noise, etc. 

This error voltage is integrated in the same way 
as a signal: 

d X t 
Ed - 

RC 

where d is the error signal referred to the integrator 
input. 
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> Error due to grid current 

R igt 

E" RC 

> Errors due to finite gain of the amplifier and 
leakage of integrating capacitor. 

Knowing that V2 = - AB V (6) 

and applying the nodal method at summing point: 

 + (V Vo)sC V -- (7) 
RI RI 

substituting equ. 6 in equ. 7 

V2  1  
V1 1 sCR R R  

AB + AB + S CR + Ri + RIAB 

1 

+  AB 1  

1 R - CR  
R 1 s + 1 

A- T3 

1 CR  
substituting R 1 R 1 - n and - m: 

Ri AB AB 

V2   
V1- mS + l• 

The Laplace transform of the step function u(t) is 
1/S, and correspondingly in case of ideal integra-
tion: 

V2 = V nominal =  

(9) 

in case of ordinary integration: 

absolute error: eabsotute = V nominal - V2I = 

= V1(nntS mSn+ 1) 

Using the Laplace transform pairs and the approxi-
mation 

2 
= I + x + : 

2! 

(Ev absolute =  Vin ! 
m 

/2 ) 

(12 1) 
fractional error: Efrfte • = ,  

2CR 

>1. Percentage error due to finite gain (assum-
ing RE = co): 

(9) 

X 100 
Ev% = 2CBAR 

>2. Percentage error due to the leakage resist-
ance of integrating capacitor (assuming AB = co) : 

IXR   
Ev% 2CRRi- 2CR : 

2. Short Time Integration 

For an ordinary analog computing system a 
typical integration time is generally of the order 
of minutes. For this length of time, the effect of 
leakage of integrating capacitor is relatively small. 
To take advantage of the amplifier capability the 
output signal after integration should be in range 
of tens of volts. 

Assume: integration time t = 60 seconds, input 
signal Vi = 1.5 volts, input resistance R = 1 Meg., 
integrating capacitor C = 1e, polystyne capaci-
tor, 100 PPM/°C, capacitor leakage resistance 
Ri --- 5 X 106 Meg per µF., total D.C. gain 
A XB=2X 106; stabilizer DC/DC gain = 75; 
drift, ac chopper pick-up, noise referred to the 
amplifier input d = 100 µvolts; grid current Ig = 
10-'° Amp. 

1 1.5 X 60  
(i)V nominal = Vit - 106 X 10-6 - 90 volts RC  

dXt 100X 60 
(ii) drift error d, - _ RC 106 - 6 m volts 

12 X 100  
percentage error dy% - x 90 - 0.007% 

(iii) error due to the grid current: 

_ 106 X 60 
E" C 10 10 - 6 m volts 

percentage error Ege% = 0.01% 

(iv) error due to finite gain: 

1 X 100 
percentage error Erg% 

= 2CBAR - 

60 X 102  _ - 0.0015%. 
2 X 2 X 106 

(v) error due to the capacitor leakage resistance: 

t X 100 60 X 102  
Ee° = 2 CR1 - 2 X 10-6X 5 X 10 

The sum of above errors is approximately 0.03% 
and an increase of B or AB will not make a prac-
tically useful improvement in the error value. In-
crease of the stabilizer gain will diminish drift but 
will not cancel the error due to the chopper pick-up 
and noise. Further increase of AB will diminish 
error due to finite gain, which is already negligible 
in comparison to error from other sources. Other 
factors like the grid current (if larger than 10-" 
Amp) and tolerance of R and C will mostly contri-
bute to total error. 

- 0.006%. 

Continued on page 53 
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pw. 

Figure 4. A four-frequency parametric amplifier. 

PARAMETRIC AMPLIFIERS 

Circuit impedance effects in 

a non-degenerate parametric 

amplifier 

. . . article uses energy relationships to investigate properties of para-
metric amplifiers operating in various modes.. . bandwidth and tuning 
considerations are outlined . . . 

by D. G. Vice, P.Eng. 

Abstract 
From the general energy relations which have been 

developed for non linear reactive elements under the 
influence of a high frequency pump and lower frequency 
signal, it is shown that the terminating impedances 
presented to each of the various sideband and harmonic 
frequencies determine the characteristics of the result-
ing device. 

It is the purpose of this article to derive some 
expressions for energy relationships under various side. 
band frequency terminating impedance conditions, and 
then show how these effects are demonstrated in a 
practical circuit. Bandwidth and tuning considerations 
are also included in the discussion. 

Introduction 
Parametric amplifiers are now finding very wide 

acceptance in radio frequency receivers both for radar 
and communications purposes, because of the low noise 
advantage which they offer at UHF and higher fre-
quencies. The early stability problems have been largely 
solved by the use of new and improved non-reciprocal 

ferrite devices. And later circuit developments and 
refinements are making tuneable amplifiers practical. 

The idea of producing gain at microwave fre-
quencies in a two terminal diode which is normally 
thought of as being a passive element, let alone achiev-
ing contributions to input noise which are much less 
than for a simple matched resistor, has captured the 
interest and imagination of many radio engineers. As 
a result, a large number of excellent devices have been 
produced and thoroughly described theoretically in the 
literature. It is noteworthy that in general, the develop-
ment of the theoretical models and their properties has 
preceded that of working models with a significant 
lead. Consequently, the job of the design engineer 
has been the realization of these theoretical circuits 
and conditions, and the attainment of the predicted 
performance characteristics. 

The purpose of this article is to summarize briefly 
the properties of a parametric amplifier, as governed 
by the characteristics of the circuits which are em-

*See page 42 
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1. fp-Fs is matched to its output. 
2. fs is matched to the varactor input. 
3. fp—s is decoupled from the network. 
4. fp is, to some extent tightly, coupled to the 

varactor. 

When these conditions are satisfied the amplifier 
will have maximum gain as given in equation (9). 

(9) 
wp + s fp + s 
Ws fs 

The results of an amplifier constructed to demon-
»strate an upper sideband upconverter are given in 
Table 1. 

Table 1 
Upper Sideband Upeonverter 

Gain 
Bandwidth 
Input VSWR 
Noise Figure 
Center Frequency 

8.5 db 
16 Mc/s 
1.4:1 
.5 db approx. 
863 Mc/s 

Ideally the gain should have been 11.2 db. The loss 
is attributed to imperfect coupling and circuit losses. 
This type of amplifier offers stable, low noise, poten-
tially broadband amplification, and would be preferred 
in use except for the limited gain available, which is 
often insufficient to adequately mask the following 
receiver noise contribution. 

The physical amplifier consister of waveguide band-
pass filters at fp and fp-Fs connected to a mount con-
taining the varactor, and a low pass filter connected 
in series with the coaxial signal input to the varactor 
much as shown in the circuit model of Figure 1. 

Lower sideband upconverter 

A parametric amplifier with quite different charac-
teristics can be built by matching fp—s to its output 
and reactively terminating fp+s and all higher order 
modulation products. Equations 5, and 6 then reduce 
to 10, and 11. 

(10) 
wp wp — s o 

fp fP — s 
wp — s 

fs fp — s 
This artifice of restriction of the Manley and Rowe 

relations to only the desired frequencies does not neces-
sarily mean that they play no part in the gain mech-
anism, indeed the effect of idling currents at these 
frequencies may be essential to the realization of the 
properties predicted by the relations. -2 

By similar arguments to those used for the up-
converter, Wp is found to be positive, Wp—s is found 
to be negative, but in this case Ws is found to be also 
negative. Therefore, power at signal frequency is deli-
vered from the varactor to the input circuit, and hence 
negative resistance is reflected at the signal input 
terminals. 

Following the suggestion of Uenohara -2 this negative 
resistance can be thought of as emanating from a sec-
ondary mixing process between pump and pump + 
signal. This notion is useful for intuitive understanding. 

The amplifier built to demonstrate the properties 
described was very similar to the upper sideband 

— 0 

amplifier except that in this case the idler filter was 
tuned to fp—s instead of fp-Fs. 

The performance figures which were obtained with 
the amplifier are shown in Table 2. 

Table 2 

Lower Sideband Upconverter 

Gain 
Bandwidth (3 db) 
Input VSWR 
Noise Figure 
Center Frequency 

18 db 
20 Mc/s 
1.2:1 max. 
2.0 db max. RF/IF 
860 Mc/s 

The maximum frequency conversion gain available 
is derived in the same way as for the upper sideband 
upconverter. In this case the value will be given by 
the first factor in equation (12). 

(12) wp — s (fp — (Rg — (— Rv)  
Ws fs Rg — Rv 

2 

This value of gain will be nearly achieved when the 
lower sideband is matched to its circuit, that is, the 
conjugate of the varactor impedance at the idler 
frequency is presented as the idler termination, and 
the upper sideband is completely suppressed. This is 
also seen to be the condition for the maximum negative 
resistance at signal input. When these conditions have 
been met, the final determination of gain is made by 
the signal generator impedance, i.e. the input tuning. 
To illustrate this, assume that in a simple case the 
real part of the impedance reflected to the input 
generator is —1L., and the conjugate of the reactive 
part has been cancelled out by the generator tuning. 
The gain due to this negative, resistance will be the 
reflection coefficient on the input line as might be 
measured by VSWR method. It must be kept in mind, 
between that for a negative resistance, the reflection 
coefficient is the reciprocal of the reflection coefficient 

"'ME.EMPONMEMBh..*: 

' The author 

David G. Vice is a 
member of the scien-
tific staff at the 
Northern Electric's 
Research and Devel-
opment Laboratories 
in Ottawa. He gradu-
ated at Queens Uni-
versity with a B.Sc. 
degree and is a mem-
ber of the Associa-
tion of Professional 
Engineers of Ontario 
and the IRE. 

KMEnliiffleMIWOMMOMMISMRAMMOMMUNfflee'.4 

for the same VSWR measured for a positive resistance. 
To convert to power gain the square of the reflection 
coefficient is used. This part of the gain is given by 
the second factor in equation 12, where Rg is the 
generator resistance. 

The total amplifier gain is given, by the product of 
the frequency conversion; and negative resistance gain. 
All that is required to achieve the desired amount of 
gain, is to alter Rg to the appropriate value by some 
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tuning means; for example a double stub tuner, or a The construction of the sideband load impedance 
for a parametric amplifier is as follows: quarter wave slug type transformer. 

One port non-degenerate amplifier 

It is desired to use this amplifier not as an upcon-
verter but as a signal frequency one port, it is the 
amplified reflected signal that is coupled out, using a 
circulator. The up-converted signal at idler frequency 
is not used, and may be terminated. More sophisticated 
circuits use the varactor series resistance for the termi-
nation, for noise advantage. 

In order to achieve the same gain as for the up-
converter — a value which will normally be governed 
by the post receiver noise contribution, then the value 
of the second factor in equation 12 must be increased. 
Since the value of —Rv will normally be fixed by other 
considerations, the gain can be increased by reducing 
R. to a suitable value. 

Bandwidth and tuneability 

This far, the amplifier has been described in terms 
of the circuit conditions surrounding it, the charac-
teristics being a sort of reaction to its circuit conditions. 

There is no inherent bandwidth limitations, other 
than the probable triangular gain characteristic with 
decreasing signal frequency. Therefore, the amplifier 
is capable of operating over whatever band the condi-
tions of the derived energy relations set out can be 
maintained. Tuneability can be achieved by altering 
the signal and either pump or idler frequencies over 
which these same conditions can be maintained. 

Tuneability following this basic idea has been de-
monstrated: by altering the frequency at which the 
fp—s is matched to its circuit, and the frequency at 
which the input is tuned, at L band signal, in an 
amplifier designed for rapid pre-set tuning adjustment. 
Figures for this amplifier are given in Table 3. 

Table 3 

Non-degenerate One Port 

Gain 
Bandwidth (3 db) 
Input VSWR 
Noise Figure 
(including circulator) 

Center Frequency 

18 db 
10 Mc/s min. 
1.3:1 max. 
2.5 db max. 

1280 — 1350 Mc/s 

The four frequency parametric amplifier 

In order to investigate the effect of losses in both 
upper and lower sideband upconverters, an amplifier 
was constructed, a little more closely resembling the 
equivalent circuit of figure 1. 

In this case a shunt tee junction in waveguide was 
used for idler termination, which was matched, through 
the use of pass band filters, for both upper and lower 
sideband signals. Any impedance from a matched load 
to a short or open circuit was possible at either upper 
or lower sideband. The results were much as expected 
from the Manley and Rowe power relations. 

The gain of a lower sideband converter could be 
increased or decreased with fp—s and fp-Fs termina-
tion adjustment and the gain of the upper sideband 
converter could be also increased or decreased in the 
same way. The quantitative results of this investiga-
tion are not yet complete, except for the amplifier 
described later. 

Figure 3 is a photograph of the selectively tuned 
sideband circuit. 

• First The tee is matched by means of a screw at the 
junction for the band of frequencies being used. 

• Second With a load on the leg designated for 
fp—s, the fp+s filter is placed to obtain a match 
at fp—s. 

• Third With a load on leg fp+s, the fp—s filter is 
placed for a match at fp+s. 

• Fourth The whole assembly is placed to satisfy 
pump coupling conditions, and the amplifier is ready 
as an upper or lower sideband amplifier with vari-
able sideband termination depending on how it is 
connected. 
Considering once again the upper sideband upcon-

verter, quite an unexpected result is obtained when 
the upper sideband upconverter is constructed using 
the selective circuit in such a way as to have power 
dissipated in the lower sideband. In this case there 
is possible unlimited gain to the upper sideband, as 
will be demonstrated. 

This peculiar result was first reported so far as is 
known by David K. Adams-4 in the May 1960 trans-
action on microwave theory techniques. The writer 
had been aware of this very peculiar phenomenon early 
in 1960 quite independently, but at that time no really 
satisfying explanation of the mechanics involved could 
be set forth. 

Considering the Manley and Rowe relations once 
again, equations 13 and 14 are written to include fp+s 
and fp—s. 

Wp Wp s Wp — s  
(13) — 0 

fP fp+s fP — s 

(111 
wp s wp — s + ws = 0 
fp+s fp — s fs 

From equation 12, by similar argument used before, 
power is seen to be flowing into the network at both 
fp-Fs and fp—s. From equation (15), below: 

(15) P 
2 WS in [Rg — (—Rv)1 

ws out Rg + (—Rv) 

From 15, it may be deduced that both the value 
and sign of W. is determined by the value of Wp-Fs 
and Wp—s. 

The gain expression for an amplifier which has all 
four frequencies present is given in equation 16. It 
can be seen that if Wp—s is not zero, the denominator 
can become very small, indicating large gain. 

Wp+s 
(16) 

1 

Ws — fs Wp — s fs  

fp -Fs Wp s p — s 
Because Wp-l-s and W. are both positive, there will 

be no negative resistance reflected to the input, even 
if the gain becomes very large. 
A four frequency parametric amplifier was con-

structed using the selective sideband arrangement of 
Figure 3. It is shown in Figure 4. A stub tuner is 
used at the input to match the input circuit. With a 
short circuit on the fp—s leg and coupling output from 
the fp+s leg, the amplifier behaves as the normal 
upper sideband upconverter. However, when the short 
circuit is removed, and a tuneable load is substituted, 
by playing back and forth between the input tuning, 
and the fp—s tuning, very large gains can be achieved. 

Continued on page 53 
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Figure 1. Photograph showing a group of multi-circuits and one thin film circuit (front row, right side). 

MICRO-ELECTRONICS 

Three approaches 

to micro-electronics 

. . . at present, no single micro-electfoni£s approach will meet the full 
requirements of the equipment designers. . . . Philco have created 
three new structure types to give widespread application. 

by William F. Long* 

(This article was condensed from a comprehensive research report written by Mr. Long.) 

Modern equipment design makes an insistant call for 
the continued reduction in the size of electronic devices 
and circuits. There would appear, however, to be no 
single approach to this problem that is capable of meet-
ing all requirements, consequently, a micro-electronics 
technique ideal for one class of equipment might be 
non-optimum for another. Evidently, the basic problem 
of implementing the micro-electronic concept is best 

approached from a number of standpoints. This permits 

classes of micro-electronic devices to be developed for 

a number of engineering areas yet keeps in focus the 

many different facets of this wide field. 

Philoo's developments in the micro-electronic field 
are slanted to present-day equipment needs and to 
those of the foreseeable future. Detailed system ap-
proaches have indicated that three main lines of attack 
will best serve the industry's requirements and are 
classified as ( a) multi-element circuits, ( b) thin film 
circuits, and ( c) solid-state circuits. Research and devel-
opment in these three areas of technology have resulted 
in the realization of practical, reliable and highly 
efficient circuits of many different configurations and 
uses. 

*See page 46 
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Figure 2. Photograph illustrating economy of external 
conductors and components using Multi-circuits (upper 
circuit board) compared to conventional transistors 
(lower). Both boards have the same electrical per-
formance. 
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Figure 3. Circuit diagram of basic DTL inverter using 

This article treats each of the cited techniques in 
turn and gives an outline of fabrication methods, per-
formance and application. 

Multi-element components 
In almost all respects the properties of multi-

element-components are identical to those of conven-
tional discrete components interconnected in the same 
fashion. Identical electrical performance of the elements 
to that of conventional oriented circuits is assured by 
specifying the ratings, characteristics and performance 
of each component. An obvious advantage of the multi-
element concept is that the components of the package 
can be selected to suit specific types of application, 
thereby facilitating the work of the design engineer. 

The major advantages of the multi-element-compo-
nent technique are: 
• fewer external connections . . . internal connec-

tions between components are made wherever 
possible. 

• small circuit size . . . many components can be 
placed in a case which normally would contain 
just one transistor. 

• increased reliability and lower cost . . . fabrica-
tion is simplified because the components are not 
individually sealed. 

Systems reliability is also increased because of the 
internal interconnections within the package. These are 
welded or soldered and are made under controlled 
conditions, hermetically sealed and temperature cycled. 
Such connections are therefore intrinsically superior to 
those made in the external circuitry. 

The mechanical packaging of the components is such 
that electrical interaction between them is minimized 
or non-existent. Furthermore, in most instances, lead 
inductance and stray capacitance are also minimized. 

Thermal interaction between components is present 
in all high-density packaging techniques. For example, 
the junction temperature of an individual transistor or 
diode is influenced by the operating temperature of 
adjacent elements; as is well known, the higher the 
junction temperature, the greater the value of leakage 
and reverse currents. In the case of the multi-element 
concept, the component specifications are designed with 
this thermal interaction problem in mind. Internal 
power levels acceptable for reliable operation are deter-
mined by thermal drop measurements and "on-load" 
life tests, thus the magnitudes of thermal interaction 
between the components is established at the outset 
and is therefore not subject to the vagaries of conven-
tional high-density packaging. 

Multi-element-components are available in a variety 
of transistor and diode combinations to suit many dif-
ferent applications. A group of these new devices is 

5-IK 
56K 

27UUF 

TO SIMILAR CIRCUITS 

56K 

FAN-OUT 5 5 -I2V 

Multi-circuits. 

shown in the photograph, Figure 1. The significant 
reduction of external components brought about by the 
use of the multi-circuits is graphically shown in Figure 2, 
where, in addition, the reduction in the number of con-
nections is clearly evident 

Fabrication 
The processes used in fabricating Philco multi-

element-components were developed to achieve units of 
high reliability and lowest possible cost and stem from 

Figure 4. Multi-element-circuit used in AC to DC 
converter. 
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METAL FILMS 

(a) Sputtered tanta/um and gold films. 

TANTALUM GOLD GLASS SUBSTRATE 

\ N 

(b) Photo-engraved and etched overall pattern. 

, \ \` 
\  

OXIDIZED TATALUM 

(c) Above: addition of etched and anodized resistor and 
capacitor pattern. (d) Below: inserted active elements and 
evaporated aluminum counter electrodes and connections. 

CAPACITOR RESISTOR TRANSISTOR CONDUCTORS 

Mr 3 

COUNTER,-INTERCONNECTIONS CELECTRODE RESIN 

Figure 6. Steps in the manufacture of thin-film circuits. 

the basic technology that has been used for the manu-
facture of million of semiconductors. 

The circuit elements available in multi-element-com-
ponents include precision-etch, alloy, epitaxial and 
planar configurations. The diodes are made by planar 
and gold bonding processes which have been tailored 
to special fabrication needs. In-process testing is an 
integral part of fabrication, providing high yields with 
uniform characteristics. 

Diodes are made on an automatic machine which 
performs the following steps automatically after a 
silicon blank bonded to a TO-5 or TO-18 header is 
placed in the lead-attacher: 

Figure 5. RTI, flip-flop using ullati-element components. 

N• 3 

• gold wire is fed from a spool and stops when 
the blank is sensed. 

• a high current pulse is passed through the wire, 
forming a P-N junction between the wire and 
the semiconductor. 

• the diode is tested for forward and reverse 
voltages and leakage currents. 

• if the diode is acceptable, the leads are cut and 
bent and the blank indexed to the next position 
where the procedure is repeated (up to 8 diodes 
can be formed on a single blank). 

• if the diode is rejected, the wire is pulled away 
from the junction and clipped . . . the blank is 
then indexed one fourth of the way to the next 
station and the bonding procedure repeated. 

In order to obtain the same characteristics for com-
mon anode elements as are found in the common 
cathode versions, each diode is formed on a separate, 
smaller wafer, since the negative terminals of individual 
diodes must be isolated. The basic gold-bonding process, 
however is similar to that described above, including 
the in-process testing. 

Applications 
As mentioned previously, the multi-element compo-

nents have a very wide field of application and there-
fore in this section it is only possible to touch upon a 
few of these in outline. 
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A basic DTL inverter with a fan-in and a fan-out 
is shown in Figure 3. This circuit has proved to give 
reliable operation at high speeds and with good noise 
immunity. 
A typical AC-to-DC converter application of the 

4-diode unit is shown in Figure 4. The circuit provides 
up to 30 volts of unfiltered DC output at a load current 
of 200mA with a guaranteed minimum conversion effi-
ciency of 75 per cent. At the output of the "L" section 
filter, an output voltage of 25 volts is available at 
200mA of load current with a ripple factor of 0.01. 

Cross-coupling two inverter gates forms the RTL 
flip-flop shown in Figure 5. The flip-flop is capable 
of driving three loads from each collector. Rise times 
of the order of 50nS are obtained at an input repetition 
rate of 2Mc/s. The addition of simple steering networks 
produces a binary counter with rise times between 45 
and 55nS and repetition rates of 1.5Me/s. The addition 
of cross-coupling capacitors extends its useful counting 
range to 5Mc/s. 

Thin film circuits 
Philco's approach to thin film micro-electronic circuits 

stresses two important facts: ( 1) the fewer the number 
of steps required to make a circuit, the higher the reli-
ability and the lower the cost; 2) a monometallic system 
for the formation of the basic circuit pattern is more 
economical and presents fewer problems than a bi-
metallic system. 
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Through the use of photo-resist masking for accurate 
deposition of passive circuit elements, the complexity 
of the fabrication process has been reduced to a mini-
mum. A single material — tantalum — is used as the 
basis for passive circuit elements and inter-connections, 
Because of its high sheet resistivity tantalum is suitable 
for the formation of resistors; also, this metal can be 
easily and controllably anodized and is therefore an 
appropriate choice for the fabrication of two-dimen-
sional capacitors. The use of tantalum as a "wiring" 
medium virtually eliminates all internal interconnec-
tions. In addition, the stability and corrosion resistance 
of tantalum thin film circuits in a hermetically sealed 
environment gives assurance of maximum system reli-
ability. 
A further advantage of tantalum thin-film circuits 

is the uniformity achieved in fabrication regardless of 
the type of circuit involved. It is only necessary to 
change masks to form different circuit arrangements 
. . . the process remains the same. Masks can be pre-
pared quickly and inexpensively thus promoting short 
lead time and directly benefiting engineers in the 
design phase. 

Fabrication 
Thin film conductors and components are formed 

by a series of co-ordinated operations of sputtering, 
evaporating, photo-engraving and etching. Their elec-
trical characteristics are held to close tolerances by the 
nature of these techniques. Assemblies of transistors 
and/or diodes are mounted in the conventional manner 
or embedded in a resin and interconnected by means 
of evaporated conductors. Where the circuit is to be 
hermetically sealed in a transistor case, the substrate 
is mounted on the stem of the case and solder con-
nections are made between the substrate conductors 
and the leads of the case. Such a construction is shown 
at the lower right of Figure 1. 

The selection of a suitable substrate material is an 
important consideration, since this influences the struc-
ture of the deposited metallic layer as well as the 
transfer of heat from the circuits. Thin glass substrates 
have been found to possess the necessary properties 
required by the process. Such substrates against a 
metal backing offer good thermal conductivity, high 
di-electric strength, chemical inertness, and a smooth 
flat surface capable of being machined to the very close 
tolerances required. 

Tantalum oxide (Ta20s) reproducibly formed by 
localized anodization, provides di-electric for the capaci-
tors as well as means for the accurate adjustment of 
the ohmic value of resistors. When overlaid with gold 
in selected areas, the resultant film forms the basic 
high conductivity wiring pattern. 

Film deposition 

The main process stages for the thin film fabricated 
units are indicated in Figure 6. Thin tantalum films 
are deposited on the surface of the glass substrate by 
sputtering or evaporating techniques. (Figure 6a) Sput-
tering has been found to be the most successful, produc-
ing controllable films of high uniformity and excellent 
adhesion to the substrate. 

The incorporation of gold and tantalum cathodes in 
one fabrication system offers a rapid and contamination-
free system of depositing the tantalum and gold overlay 
materials on the substrate in vacuo. This is accom-
plished by a rotating mechanism which sequentially 
exposes the glass substrate to the tantalum and gold 
sputtering process without breaking the vacuum, while 

(a) Oxide masked, photo-engraved, etched and diffused silicon 
wafer. 

1 
EVAPORATED ALUMINUM 
GOLD THERMO BONDS 

(b) Aluminum evaporated, alloyed and thermo-compression 
bonded contacts. 

1:1 

PRE- FIRED METAL TERMINALS 

RESIN 

7_,ercner 
CERAMIC 

(c) (above) Circuit mounted on ceramic wafer with individual 
components isolated. (d) (below) Interconnected with eva-
porated aluminum conductors. 

EVAPORATED ALUMINUM CONDUCTORS 

CAPACITOR TRANSISTOR 

RESISTOR 

Figure 8. Diagram showing fabrication steps in the manufacture 
of solid-state-circuits. 

continuously monitoring the deposited material. Present 
machines are capable of processing sufficient substrates 
to produce 320 one quarter inch diameter thin film 
circuits from one loading. 

Capacitor design 
Capacitors are formed by localized electrolytic exida-

tion of tantalum and the evaporation of aluminum or 
gold counter-electrodes. The voltage capacitance pro-
duct of these capacitors is approximately 6.5 volt. 0, 
per sq. cm. with a dissipation factor of approximately 
0.01 and typical leakage current of 10.9 amps. The 
finished micro-miniature capacitors normally range from 
30p3tF to 0.05µF, controlled within ± 5 to 10 per cent 
with breakdown voltages in excess of 30 volts. Typical 
temperature co-efficient of the fabricated capacitors is 
250 ppm/ C. 

Figure 7. Circuit diagram and photograph of "thin-
film" multivibrator. 
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Figure 9. Materials flow chart for solid-state-circuit 
manufacture. 

Representative thin film circuits 
Standard transistor and diode assemblies are either 

inserted in the substrate (Figure 6d) or mounted on 
the stem of the case, depending upon the packaging 
technique. Two approaches to the fabrication and 
assembly of thin film circuits are illustrated in Figure 1 
and 7. The RTL NOR pack in Figure 1 utilizes standard 
and proven transistor packaging techniques. It contains 
five resistors on a 0.25 inch diameter glass substrate 
and a silicon transistor mounted on the stem in a con-
ventional manner. Figure 7 is a multivibrator circuit 
in which the transistors are embedded in a resin and 
interconnections are made by evaporation techniques. 

Silicon solid state circuits 
Silicon solid state circuits represent a higher level of 

component integration than either of the two classes 
discussed so far. The unique behavior of solid state 
resistors and capacitors and the number of processing 
steps require a more complex design and engineering 
effort to produce functional blocks with performances 
comparable to the other micro-electronic approaches. 

The solid state circuit approach is particularly well 
suited to circuit functions accomplished for the most 
part by active circuit elements and in cases where a 
single design is required in quantity to meet a single 
functional specification. The use of such functional 
blocks in these cases provide equivalent systems per-
formance to that obtainable using conventional circuit 
practices, and in production quantities may well result 
in a lower overall system cost. 

Figure 10. Circuit diagram and photograph of solid-
state-circuit flip-flop. 

OUTPUT OUTPUT 
2 

Fabrication 
The fabrication process for silicon solid state circuits 

developed by Philco makes use of photo-lithographic 
and oxide masking techniques as indicated in Figure 8. 
Boron and phosphorus diffusion are used to form circuit 
elements of the desired configuration in a single wafer 
of silicon. The complete solid state circuit may be 
encapsulated in resin or a hermetically sealed package. 
A fabrication flow chart is shown in Figure 9. 
A unilateral system of fabrication is used . . . circuit 

elements are formed by diffusing into only one side of 
the silicon wafer. This feature offers outstanding ad-
vantages: ( 1) improved reproducibility, since the vari-
ables introduced by aligning optical masks on two sides 
of the wafer are eliminated; ( 2) improved power dissipa-
tion since the unused side of the wafer can be used 
to transfer heat away from the unit. In addition, 
because the circuit elements do not protrude above 
the surface of the silicon wafer, the device can be sur-
face passivated to provide stability of the electrical 
characteristics. 

To avoid the two-sided structure of conventional 
transistors (emitter and base connections on one side, 
collector on the other) a silicon unilateral, transistor 
has been developed. This transistor has been adopted 
as the standard active element for this type of micro-
electronic solid state circuit. 

A solid-state-circuit commutator. Figure 11. 

A high resistivity N-type silicon wafer is the basic 
material for the circuit. Active elements are formed 
in the wafer by separate boron and phosphorus diffu-
sions using oxide masking. Passive elements are formed 
during the boron diffusion: aluminum contacts are 
applied to the elements by evaporation. The wafer is 
mounted on a ceramic substrate. The circuit elements 
are isolated and aluminum interconnecting strips are 
deposited over the insulating surface by evaporation. 
Except for encapsulation, the silicon solid circuit is 
now complete. 

Typical solid state circuits 
A silicon solid state flip-flop circuit is illustrated in 

Figure 10. Used as a binary counter, this circuit can be 
used at a maximum input rate of 1Mc/s, and can drive 
eight other units at an input rate of approximately 
0.5Mc/s. 

Figure 11 shows a silicon solid state commutator 
matrix containing six solid state circuit wafers. Each 
wafer contains 16 diodes and four resistors together 
with appropriate interconnections. The commutator 
selects any one of 24 inputs and connects it to the 
outputs. 
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SOLID-STATE RF AMPLIFIERS 

A new circuit concept for 

RF amplifier design 

by W. A. Rheinfelder* 

Introduction 
Equivalent circuits correctly used to explain the 

operation of transistors can be misleading and should 
be used with considerable care. Often one is led to 
believe that a circuit like a hybrid-pi permits the 
accurate calculation of high frequency performance but 
this is rarely valid. It is often overlooked that all 
transistor parameters are not only functions of current 
but also of frequency, and that these values are at 
best a guide and only applicable over a small fre-
quency range. 

An attempt is made herein to explain some of the 
effects that are not clearly understood through the 
application of currently used equivalent networks. 
Also, a new practical circuit design is set forth which 
has already proved itself by extending high-frequency 
transistor limits and increasing circuit gain. 

Among several effects usually neglected in presently 
accepted equivalent networks are the internal feedback 
paths existing within transistors. The base-emitter 
capacitance Cb'., for example, contains a term which 
is due to internal Miller effect and exists even with 
the output short-circuited owing to intrinsic collector 
resistance and high transconductance, g.. Also, as 
will be shown, an emitter inductance as small as 10nH 
in conjunction with a Cs'. of 10 pf produces a resistive 
input component which in a typical case reduces Rb.., 
from 10000 to a third of this value at 100 Mc/s. This 
effect follows at least a 6 db/octave slope and by itself 
explains the loss of high frequency power gain in tran-
sistors in a manner which is quite different from 
present equivalent circuit concepts. 

Similar effects are observed in vacuum tubes, but 
their magnitudes are much smaller because of the 
lower g.. In transistors, the intrinsic g. (g'.) of the 
junction can be as high as 500,000 µmhos, or more, 
although the actual effective g. is much lower due to 
internal and external emitter impedances. An emitter 
impedance of only 211, for example, reduces g'm by 

roughly 50 per cent and it can easily be shown that 
with a load resistance of only 10Q, a voltage gain of 
5 is obtained by using g'. in the standard formula. 
Since the intrinsic collector resistance of a transistor 
is usually much higher than 10 ohms, the internal 
voltage gain and Miller effect — with output shorted 
— could be very high. 

Considerations of this kind lead to very different 
equivalent circuits; Rh'. and C.,.. are no longer constants 
but depend rather on the effectiveness of bypassing 
the emitter, and can change radically. The same is true 
for the parallel output resistance and capacitance of 
the transistor. 

Total emitter inductance 
The parameter most severely affecting the high-

frequency performance of transistor circuits is the total 
emitter inductance. This quantity includes (1) the 
inductance of the bonding lead from the emitter to 
the header pin, (2) the inductance of the transistor's 
emitter lead, and (3) the inductance of external leads 
and parts connected in the emitter circuit. While 
mechanical improvements can be made to decrease the 
internal emitter inductance, the advantage gained is 
small due to the larger inductance normally inherent 
in external circuitry. Total lead lengths, however, in-
cluding the emitter lead as well as those of associated 
circuit parts between the header of the transistor and 
input ground, do become important considerations. It 
is necessary, therefore, to develop methods for the 
removal of the detrimental effects caused by these 
inductances. 

Emitter inductance loss calculations 
The total emitter inductance of a typical transistor 

with short lead length is about 13.5 nH. The reactance 
at 100 me is then 8.5 ohms. In series with this reactance 
there is an ohmic resistance of 0.35 ohm. To examine 

*See page 52 

Figure 1. (left) Equivalent circuit of transistor. Figure 2. (right) Simplified network neglecting Lb, R. and M. 
J.nef 
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(5) 

(2) 

where 
g.. 
g'.. = 

G. 

4 • 

220 

Figure 3. Conventional circuit with emitter by-passing. 

the effect of this inductance, the following short 
analysis commencing with the power gain formula a 
(1) is undertaken. 

(1) 

Loss in gm: The loss in g. is determined by (2). 

— 1 + inze 
effective transconductance, 
intrinsic transconduotance, 

Z. = emitter impedance. 
With 

g'. = 0.2 mhos and 
Z. = R jXL = 0.35 j8.5, 

solution of equation 2 yields 
g. = 0.49 g'.. 

The loss in power gain due to loss 
6.1 db (from equation 1). 

Loss in input resistance RI.: The 
of the transistor is shown in Figure 
R. and M, the circuit simplifies to 

and 

in g',. is therefore 

equivalent circuit 
1. Neglecting L., 
that of Figure 2. 

After writing the loop equations for this case and some 
manipulations, the following expression for the input 
admittance is obtained. 

(3) Y (G jI3 g:. G iB  
+ GI + j(13. B 

Separating real and imaginary parts, en expression 
for the input resistance is deduced: 

G f) 2 ± (Be + B i) 2  
(4) Rb — 

BeG i(B e B i) — 3 el 3 f(g„' , G)• 

With only a small error, this simplifies to: 

Rb — 
13,(BeGi — Bigini ) • 

Typically the values for a 2N700 transitor are: 
g'. = 0.2 mhos 
G, = 10" mhos 
B. = —0.118 mhos 
B, = (6.2)10' mhos. 
This assumes a capacitance from b' to e of lOpf. 

Calculating R. from expression 4, the result becomes: 
Rb = 330 ohms. 
The input resistance has therefore decreased from 

10000 to 3300 due to the action of the inductance of 
13.5 nH. The loss in power gain, according to (1), is 
4.8 db. In summary, the calculated losses for the 2N700 
transistor become: 

Loss in g.. — 6.1 db 
Loss in IL — 4.8 db 
Total — 10.9 db at 100 mc. 
The intrinsic gm used in the above calculations was 

conservatively chosen at 0.2 mhos. In practice, measure-
ments have shown intrinsic g'm values of up to 1.0 mho. 
The actual losses in practical circuits, therefore, run 
much higher than those calculated. 

Emitter bypassing 
In wide band amplifiers the problem must be solved 

by short total lead length, but various methods of 
effective bypassing in tuned amplifiers exist. Figure 3 
shows a conventional circuit wherein the emitter bias 
resistor, of typically 220 0, is bypassed with a 0.0011d 
capacitor. The internal emitter inductance from the 
junction to the end of the emitter lead is designated Li. 
This conventional circuit is regarded as the reference 
case and all other circuits are compared to it. 

Because the bypass capacitor shown contains series 
inductance and is therefore a poor bypass capacitor, the 
thought may arise of connecting a series resonant capa-
citor in parallel. Such a capacitor may be selected in 
practice by the well-known method using a grid dip 
meter, whereby the leads of the capacitor are connected 
together and the resonance frequency determined. The 
lead length may be trimmed and the capacitor value 
selected for a particular frequency. For 100 mc a value 

220 

Figure 4. The modified emitter circuit. 

of from 30 to 43 pf is obtained. Using the grid dip meter 
to determine resonance, however, is not a very accurate 
method: in joining the leads the inductance of the capa-
citor is increased and also a resonance including Li 
is required. Therefore the final adjustment should be 
made in the circuit, as shown in Figure 4. It is also 
found that the inductance of the parallel 0.001 Id 
capacitor can form a parallel resonant circuit with the 
newly installed capacitor. This tends to obscure the 
effect and in some cases the gain actually is decreased. 
It is therefore necessary to remove the 0.001 ref. capa-
citor. 

This leads to the circuit shown in Figure 5. This 
arrangement gives a definite increase in gain with the 
proper capacitor, but the increase is disappointingly 
small — less than 6 db, while theoretically much larger 
figures should be possible. 

From Figure 5 it becomes evident that the parallel 
resistance reflects into the series resistance of the 
series tuned circuit, therefore the Q is very low and 
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the series resistance at resonance very high. Behavior 
is in effect that of a "lossy" capacitor. 

In order to remedy this situation, an rf-choke is 
used as shown in Figure 6 to isolate the effect of the 
emitter resistance. Also a variable trimmer is provided 
because the Q now becomes quite high and a tuning 
adjustment becomes necessary. 

This circuit leads to very acceptable results. An 
external series coil may be used to reduce the size 
of the tuning capacitor at low frequencies. Because of 
the reduction in Q, it is suggested, however, to use the 
smallest series coil which leads to the desired results. 

Stage performance 
The Q of the series resonant circuit in Figure 7 

is mainly determined by R1 which is the equivalent 
emitter series resistance. This is very close to the 
intrinsic emitter resistance, re, and is a function of 
emitter current. By changing the emitter current the 
Q of the series resonant circuit can be changed but 
the resonant frequency is unaffected and remains con-
stant. The circuit shown in Figure 7 effectively uses 
the intrinsic g'm of the device, approximately: 

(6) en —1 ,---, (for germanium, J. in mA). 
re 25 

With an emitter current of 5 mA g'. = 200,000 µmhos. 
If a circuit could be designed to utilize this high g'in 
very high power gains even with small load resistances 
and the circuit of Figure 7 could be realized. 

For the voltage gain, approximately: 

gml?1,  

2 

and for the power gain 

(7) 

(1) 
G g,n2 R 1„I?  

4 

The values used in the expressions above are the 
values as measured in practical circuits including effects 
due to feedback in the emitter. As the feedback is 
decreased, g,,, approaches g'., Rin increases because of 
phase shift, and R.« decreases as the current feedback 
is decreased. In a cascade of stages this means that the 
matching ratio is reduced considerably. 

The high gain results in a tendency towards oscilla-
tion in small signal amplifiers, due to feedback capaci-
tance from collector to base. It is well known that 
by mismatching at the output, voltage gain may be 
decreased a little or no expense in power gain. Typi-
cally a load of one fourth the output resistance decreases 
voltage gain by 8 db at the expense of 2 db in power 
gain. This 2-db loss can normally be offset by a better 
interstage network whose losses decrease with the 

Figure 5. Modified circuit eliminating unwanted parallel 
resonance. 

matching ratio. Therefore the overall power gain in 
a cascaded amplifier configuration may remain un-
changed, although the stability is greatly increased. 

This means of mismatching is generally used in rf-
amplifier design, but with the circuits under investiga-
tion the gain may become so high that neutralization is 
necessary even in the mismatched condition. For 
example, in Figure 9 the neutralization is taken from 
the output of the Pi-network to the base and constitutes 
the so-called capacitive output bridge. All forms of 
neutralization using an output bridge are load sensitive, 
and unresponsive to changes in source resistance but 
this is desirable here because the load is constant and 
the parameters of the input circuit may vary. Neutrali-
zation is adjusted by maximizing the backward loss, 
the series resistor being adjusted in steps for a sharper 
null. Neutralization may also be set with a sweep 
generator by adjusting for symmetrical bandpass char-
acteristics. Both methods lead to the same setting but 
the sweep method is more desirable in that the bandpass 
action of all tuned circuits may be observed simul-
taneously. 

A new class of RF amplifiers 
The foregoing considerations indicate the develop-

ment of a new circuit concept for transistor RF ampli-
fiers. It is found that the interstage networks contribute 
little to the overall selectivity because they must per-
form the dual function of power transfer matching. In 
the past such networks have been the sole way to 
obtain selectivity but with the new circuitry it is 
evident that their only function is matching. If it is 
remembered that the new emitter circuits affect the 
impedances in such a way that the matching ratio is 
decreased, the need for a matching network becomes 
less important. The idea therefore arises of an i-f 
amplifier using RC-coupling between stages and tuned 
circuits in the emitters. Such a design would be less 
costly, more stable and more selective. Suggestions 
such as this however, form only a start and the new 
concept promises the realization of radical circuit im-
provements in the future. 

Performance measurements 
A typical test circuit for the evaluation of a 2N1692 

power transistor at 250 Mc/s is shown in Figure 8. 
Matching and tuning are provided at input and output. 
In most cases an adjustable coil of very small induc-
tance is desirable. This is accomplished by the series 
connection of a trimmer and the total reactance is 
simply 

(8) X'L -= X L — X c. 

By this means any small reactance value may be 
achieved which might be otherwise physically impossible 
or difficult to control. This technique has been used 

Figure 6. Basic 
form of the new 
emitter neutralized 
amplifier. 
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engineering in Canada 
A TOUR WITH THE EDITOR 

Quality radio communications 

at Collins Canada 

. . . much original engineering design and very tight quality control 
methods underscore Collins' expanding activity in Canada 

by A E. Maine, P.Eng. 

re.mergmeguem.-- .-:neentalemmayaeamennememere uee 

High Canadian engineering 

content in Collins equipment 

The following list indicates the considerable 
amount of Canadian design embodied into com-
munications equipment presently in manufacture 
at Collins (Canada). 

618W-1 (AN/ARC-552A) — 1750 Channel UHF 61 
Transceiver for RCAF CF-104 aircraft. Cana-
dian redesign. 

618W-2 — 3500 Channel UHF Transceiver being 
manufactured for delivery to Belgium, Hol-
land, Italy, Japan and West Germany for use 
in military aircraft. Canadian redesign. 

618Y-1 (AN/ARC-504) Emergency UHF Trans-
ceiver being manufactured for fitment to 
RCAF aircraft. Canadian development. 

32MS-1A — SSB Mobile and Fixed Base HF Trans-
ceiver being manufactured in Canada for sale 
to Canadian and export markets. Canadian 
development. 

URC-32 — 28,000 Channel SSB HF Transceiver 
being manufactured for delivery to RCN. 
U.S. design. 

718A-1 — Emergency VHF Transceiver being 
manufactured for delivery to DOT. Canadian 
design. 

678B-1B — Portable UHF Test Set. Developed 
and manufactured by Collins Canada. Sold 
in Canada and to U.S. and Japan. 

678R-1 — UHF Test Equipment. Developed and 
manufactured by Collins Canada. Sold to U.S. 

678W-1 — UHF Test Set. Developed and manu-
factured by Collins Canada. 

313C-1 — Control Test Set. Developed and manu-
factured by Collins Canada. Sold to U.S. 

678Q-I — UHF Test Set. Developed and manu-
factured by Collins Canada. Sold to Canadian 
Government for use by RCAF. 

Aneenzatfammememenommeremeamememeamenee 

NAWgirMire'" eatIMMUMMIMEMe" 

John L. Plant, 
vice-president and 
general manager 
of Collins Radio 
Company of Can-
ada. 

John L. Plant, vice-president and general manager 
of Collins Radio Company of Canada summed up his 
company's activities here in Canada in the following 
way . . . "our refined engineering design together with 
a quality control system, the toughest in Canada, makes 
our equipment the "Cadillac" or Rolls-Royce if you 
like, of the communications industry . . ." 
A trip around Collins' two plants in Scarborough 

impresses the visitor with the substantial means out-
layed by the company to achieve the end results ex-
pressed by the general manager. Also impressive, is 
the diversity of projects simultaneously under design 
or in manufacture. These comprise equipment to cover 
the HF, VHF and UHF ranges and include airborne 
communications and navigation systems, point-to-point 
communications and tropospheric scatter communica-
tions. In addition, there is much activity in the mobile 
and amateur fields in the form of the design and manu-
facture of a wide variety of transmitters, receivers and 
transceivers. 

The organization of the company is such that the 
original plant is given over almost entirely to engineer-
ing and pilot production: large volume production 
together with its attendant control ramifications being 
conducted in the new building approximately one half 
mile away. 

The various facets of engineering are grouped 
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Figure 1. The Collins "Kineplex" communications 
center . . . equipment is used to transmit mass 
of business data to remote computer at head office 
which returns processed information for daily 
operation of the plant. 

Figure 4. Final Module Test department in the main production plant. 

Figure 5. Chassis fabrication shop in the Bartley Drive plant. 

Figure 2. Technician tests Collins transceiver AN-ARC552 
(for RCAF) in Production Final Test. 

Figure 3. The Collins AN-ARC552A 
transceiver . . . a Canadian re-
design for NATO air forces. 

Figure 6. Design drafts-
man D. Golsby holds 
mechanical tuning unit 
in discussion in the 
main design office. 
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Figure 7. Engineering technician J. Erbersole checks out Collins type 618-W transceiver in elaborately equipped 
development laboratory. 

together to form a complete design and test facility with 
direct and easy inter-communication between depart 
ments. Detailed design engineering commences in the 
engineering office which is closely adjacent to the D.O. 
(Figure 6). Of interest is the fact that rough "bread-
boards", characteristic of most circuit design activity 
is hardly in evidence at Collins. This arises because 
required high performance is tied in very deeply with 
mechanical excellence and therefore it is the rule that 
a detailed "paper" design with "pre-production" stand-
ard drawing is necessary to get new hardware under 
way. Most mechanical items for prototypes are manu-
factured in a development model shop such as that 
shown in Figure 5. In many electronic facilities, a 
small assembly and wiring room proves to be adequate 
fer the building of prototypes but Collins have found 

it to be advant ageous to expand this essentially develop-
ment function to the point where it becomes a small 
pilot production line. This serves the useful purpose of 
handling small production runs, but more importantly 
enables production bugs to be ironed out at an early 
stage and assists in streamlining the build process for 
subsequent volume manufacture. 

Evaluation and test of prototype equipment is con-
sidered to be a vitally important step in the evolution 
of a piece of new equipment and a comprehensive de-
velopment laboratory has been established for this kind 
of work. A photograph of a corner of this room is given 
in Figure 7 and illustrates the instrumentation set-up 
needed for the calibration of the Collins type 618-W 
UHF, 3,500 channel transceiver presently supplied to 
most NATO air forces. 

Figure 8. The main production wiring crnd assemeit area in the Bartley Drive plant. 



In regard to the matter of instrumentation, it is 
noteworthy that a central standards and calibration 
room has been established and a system put into action 
where all test equipment is regularly brought in and 
checked and re-calibrated. All test data is recorded 
in a card filing system and the facility serves both plants 
forming part of the company-wide quality assurance 
provisions. In this latter connection, a development 
environmental laboratory forms part of engineering and 
includes a battery of ovens for component temperature 
testing, humidity and temperature chambers for com-
plete equipments, and a substantial vibration test in-
stallation, illustrated in Figure 9. 

On the production side, an impression of the exten-
sive manufacturing area may be gained from Figure 8, 
and the large production test department from Figures 
2 and 4. At the end of each assembly line a chart is 
located which shows the number of manufacturing 
errors per thousand manufacturing operations. Should 
the graph line wander above a value of 4 errors per 
1,000 operations for the line, an immediate investiga-
tion is made by the quality control staff to correct the 
up-swing. One hundred per cent of manufactured 
modules and sub-assemblies are vibration and tempera-
ture tested prior to function testing and calibration 

Figure 9. Engineering technician T. J. May (right) of 
the development department explains to the writer a 
design feature on transceiver control box just before 
vibration test on force generator in foreground. 

in order that incipient failures in the "infant mortality" 
region may be brought to light. These shake-down tests 
typically run for 20 hours and the test equipment is 
semi-automated. 

Incoming parts and materials are checked under 
statistical quality control practices which accord with 
the requirements of MIL-Q-5923B, IS(T)101A and PROC-
101-1. Translated into practice this means detailed 
mechanical and electrical function testing of all received 
items. Sample items and batches are taken at random 
and subjected to comprehensive test. For example, 
Figure 10 shows the temperature/frequency character-
istic of a miniature sealed crystal being measured . . . 
the test schedule for this one item ran to six pages, over 
and above cited military specifications. 

In summary, and bearing in mind General Manager 
Plant's remark that "incorrectly applied, one could 
inspect oneself out of business" this writer feels that 
Collins' unceasing war on the unreliability bug is one 
of the most impressive efforts in this direction he has 
ever seen. The detailed tour of the Collins plants, a 
glimpse of which is given in this review, satisfies the 
writer in his choice of title for this article. 

Collins Radio Co. of Canada Ltd., 
11 Bermondsey Road, Toronto 16, Ont. 

The company was chartered and incorporated 
in October 1953 with sales offices in Ottawa. In 
June 1955, the registered offices were transferred 
to Toronto where manufacturing facilities were 
established in two modern buildings. 

Several production programs were imme-
diately implemented, notably for UHF equipment 
for the RCN and RCAF and a sub-contract from 
Western Electric for Tropospheric Scatter Lateral 
'Communication System for DEW Line. 

From 1956 to 1960, Collins Canada became a 
major airborne communication manufacturer for 
the Department of Defense Production as well as 
manufacturing equipment for the Department or 
Transport. Also manufactured was a large amount 
of the equipment for the Canadian Commercial 
and World export markets. 

In addition to production capabilities, the 
Engineering Division was strengthened to desigr 
Canadian and export products. The first Canadian 
developed products are now being delivered fro:n 
Canadian production. 

The continued growth of business necessitated 
further expansion of Engineering and Manufactur 
ing facilities and temporary arrangements were 
made in two other buildings. In mid 1960, it was 
decided to consolidate the operation into the two 
present buildings with a total of 83,000 square 
feet. Present staff totals 550 of which 100 are 
engaged in the engineering and developmer.t 
departments. 

Figure 10. Routine frequency/temperature tests on 
crystals being carried out by technician Brett McNulty 
in the quality control department. 
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Intricate "machining" of junctions is Inspectrd under powerful rn icros,opes 

even miniaturization remains MANAGEABLE... 

"Precision in small things" best sums up the General 
Instrument technique—however small the device, how-
ever demanding the ultimate application. 

Precision and miniaturization may seem contradictory 
aims since the human eye falls somewhat short as a 
manufacturing tool, below certain size limitations. 

At General Instrument Semiconductor, where the most 
intricate "machining" processes are carried out as 
routine, this is solved by working under a magnification 

of 600X ... thus representing each millimeter as nearly 
two feet! 

Only by doing this can the pure gold welds of silicon and 
germanium wafers to hermetic leads be perfected without 
risk of microscopic burrs or discrepancies in formation. 

Such micro-manipulation typifies our approach to the 
business of producing semiconductors . . . at General 
Instrument there is no limit to the means when reliability 
is the end. 

GENERAL INSTRUMENT SEMICONDUCTOR 
DIVISION OF GENERAL INSTRUMENT 

F. W.SICK -ES OF CANADA LINI:TED 

151 Weber Street South, Waterloo, Ontario 

GERMANIUM — SILICON — SELENIUM  

TRANSISTORS • DIODES • RECTtFIERS 

"ZENERS" • THERMOELECTRICS 

SEMICONDUCTOR CIRCUIT MODULES 
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A universal resonant frequency chart 

. . . new wide-range chart gives rough answer from 2 c, s to 20 Mc/ s with one 
setting of ruler. .. a second movement of ruler gives close resolution of digits. 

by A. E. Maine, P.Eng. 

The complication often experienced 
in wide-range charts is avoided in this 
nomogram by the use of only two 
sets of scale calibrations. One set 
(scales A, D, and F) give directly 
an approximate answer, often good 
enough for engineering purposes, and 
the other scales, in red, enable a 
much more accurate result to be ob-
tained. In order to show how the 
chart is used, the following example 
is considered. 

Problem 

Find the resonant frequency 
(f,) for the values: L = 86mH 
and C = 1.55µF. 

Answer ( a) A rule set between the 
given values (scales A and F) in-
tersects scale D at approximately 
420c/s. 
(b) Note that the value of capaci-
tance occurs in a "WHITE" decade 
and the value of inductance falls 
in a "BLACK" decade. 
(c) Set a rule at the digits of the 
capacitance values ( 1.55) on the 
WHITE decade of scale E, and the 
digits of the inductance value 
(8.6) on the BLACK decade of 
scale B. 
(d) The digits of the answer appear 
at the intersection of the rule on 
scale C and are 4.35. Therefore, 
the final answer is 435c/s. 
• Always ensure that the decade 

identification, BLACK and WHITE on 
scale E matches that of the value 
located on scale F, and similarly for 
scales B and A. 
• Take scale readings only from 

the central lines marked top and 
bottom with arrows. 
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COMPACT, RELIABLE, RUGGED 

«et 
CERAMIC-METAL 

HYDROGEN THYRATRONS -HYDROGEN DIODES-TRIGGERED SPARK GAPS 

These miniaturized hydrogen thyratrons were developed for compact modulator 
design for missile, airborne, and ground-based applications where size and weight 
are major considerations. Ruggedly built, they will withstand severe shock, vibra-
tion and high temperatures. Write for Data Sheet #040. 

THYRATRON RATING CHART 

MODEL epy 
v. 

ib 
a 

lb 
mAdc 

1p 
Aac 

Er 
Vac 

.7.5% 

If 
Aac-max. 
E1=6.3v 

Ere 
Vac 

.7.5% 

Ires 
Aac-max. 
Eres=6.3v 

Pb 

Cathode & 
Reservoir 
Warm-Up 
Time 

Dimensions 
Max. 

Height- 
inches 

Max. 
Dia.- 
inches 

Wt. 
lbs. 

7621 Hp-2 8.000 100 0.1 2.0 6.3 3.5 • • 2.7 x 109 0.5 min, 21/2 " 114" 0.13 

7620 HP- 1 20,000 500 0.5 8.0 6.3 7.5 6.3 4 10 x 101 5 min. 4%° nie" 0.82 

7322 1802 25.000 1.500 1.5 47.5 6.3 16 6.3 6 20 x 109 10 min. 5%" 354" 207 

'Hydrogen rese voir connected internally across heater-cathode. 
Ambient Temperature Limits -65°C to + 125°C, 400°C envelope maximum. 

• 

DIODES 

HR-2 

HR- 1 

HR-3 

CERAMIC-METAL MODEL GP-12 

Voltage holdoff - 25kv. 
Peak current - in excess of 
10,000 amperes 
Trigger voltage - 7 kv. min. 
Electrode to ciectrode cut-off 
voltage - 6 kv. min. 
Delay time - 0.5 microseconds. 
Size: 31/2 " dia. x 21/2 ". Wt. . 73 lb. 

THYRATRONS 

Q19 

7621 HY-2 
Functionally 
replaces 1258, 
3C45 and most 
4C35 glass tubes 

7620/HY-1 
Functionally replaces 
4C35, 5C22 and most 

5949 glass tubes 

7322 1802 
Functionally replaces 
5949, 5948 and most 
1257 glass tubes 

High power, high voltage, hydrogen filled diodes designed for use as grid controlled 
rectifiers, hold-off diodes, inverse clippers and backswing clippers. In spite of their 
small size and light weight, they are of rugged construction and will withstand 
severe shock, vibration and high temperatures. Write for Data Sheet #050. 

DIODE RATING CHART 

Clippe Diode 
Ratings 

Rectifier 
Ratings 

Heater 
Cathode & 
Reservoir 
Warm-up 
Tima 

minutes 

Dimensions 

Max. 
Height- 
inches 

Max. 
Dia.- 
inches 

Wt. 

lbs. 
Type epx I 

kv I 
it 
a 

It, 
Adc 

1p 
Aac 

ppxil 
kv a 

It, 
Adc 

Et 
Vac 

If 
lac 
max. 

Ere. 
Vac 

I,- 
lac 
max. 

HR-2 iiE 9.0 .100 2.0 8.0 1.5 0.25 6.3 3.2 • 0.5 21/2 1 Vs 0.13 

HR-1 25.0 250 .125 4.0 20.0 9.0 1.5 ." 0 9.5 5.0 3.5 5 4% 2%6 0.95 

HR -3 25.0 500 .500 16.0 25.0 30.0 5.0 6.3 13.0 6.3 4.0 10 5% 3% 2.07 

•Hyd ogen reservoir onnected internally across cathode-heu ex. 
Ambient Temperature Limits - 65°C to + 125°C ambient, 400C envelope maximum. 

TRIGGERED SPARK GAPS 
These compact spark gaps are designed to re-
place hydrogen thyratrons in electronic crow-
bar applications. They have a low trigger energy 
requirement and a fast follow-through time 
after application of trigger pulse. Hermetically 
sealed, they are not affected by atmospheric 
conditions. Ruggedly built to withstand severe 
shock, vibration and high temperatures. No 
filament power required. Complete specifica-
tions available on request. Write for Data 
Sheet #080. 

GLASS-METAL MODEL GP-11 
Voltage holdoff - 3.5 kv. 
Peak current - in excess of 
1100 amperes. 
Trigger voltage - 7.5 kv. min. 
Electrode to electrode cut-off 
voltage - 1.8 kv. min. 
Delay time - 0.35 microseconds. 
Size: 0.6" dia. x 0.55". Wt. .016 lb. 

glee EDGERTON, GERIVIESHAUSEN étt GRIER, INC. 
160 BROOKLINE AVENUE, BOSTON 15, MASSACHUSETTS • TEL. COPLEY 7-9700 • CABLE: EGGINC, BOSTON; TWX: BS 1099 

WESTERN OPERATIONS: P.O. Box 1912, Las Vegas, Nev. - Santa Barbara Airport, P.O. Box 98, Goleta, Calif. 

PRODUCTS - milli- mike ti Oscilloscopes • Hydrogen Thyratrons • Hydrogen Diodes • Triggered Spark Gaps • Xenon Flash Tubes • Laser Stimulators • Dosimeters 
Flash Machines & Circuits • Oceanographic Equipment • Transformers • CAPABILITIES - Project Management • Systems Engineering • Research & Development 

REPRESENTED IN CANADA BY 

For complete details check No. 12 on handy card, page 69 

a ALLAN CRAWFORD 
ASSOCIATES LTD 

4 FINCH AVE W., WILLOWDALE, ONT. 

BA 5 - 7391 

IN MONTREAL: RE 9 - 6776 
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Industry's business 
Continued from page 15 

De Havilland wins $1.7 million 
development contract 
The Honorable Raymond O'Hurley, 

Minister of Defense Production, has 
announced the first co-operative devel-
opment of a missile system with a 
Development Contract awarded The 
De Havilland Aircraft of Canada Lim-
ited for work on the MAULER Air 
Defense Weapon System, for the 
United States Army. 

The contract which will amount to 
$1.7 million was awarded through the 
Department of Defense Production for 
development of an Infrared Acquisi-
tion Unit for the Mauler System. 

Mauler is the United States Army's 
newest forward area air defense mis-
sile system under development, de-
signed to destroy supersonic enemy 
aircraft, short range ballistic missiles 
and rockets in the battlefield area. 

The United States Government, 
through the Detroit Ordnance District, 
will share the cost of this development 
program with the Canadian Govern-

ment. 

Electronic Marketing elected as 
exclusive Canadian reps 

Electronic Marketing Co. of Canada 
Ltd. recently announced their appoint-
ment as exclusive Canadian repre-
sentatives for United Components Inc. 
manufacturers of hermetically sealed 
double diffused silicon rectifiers and 
silicon switching diodes. 

Another firm, Technipower Inc. have 
also made Electronic Marketing their 
Canadian representatives. Techni-
power provides solid state AC-DC 
power supplies. 

geg 

Current regulator device 
The "Currector" is an entirely new 

2-terminal solid-state device possess-
ing current regulation or limiting 
properties. Its action is analogous to 
the voltage limiting characteristic of 
a Zener diode. Fixed current rating 
are from 1 to 10mA at 10 per cent 
increments at working voltages up to 
35VDC. Ply is 5V. Bi-directional units 
are available working at -± 35V. Ad-
mittances vary with type and lie in 
the range of 1 to 10 microhms. 
Dimensions are 1" long by 3/4" dia. 
Axial lead or single-ended types may 
be supplied. 

The Circuitdyne Corp., Laguna 
Beach, California. 

• 

a 

Heart of the Control System 

glare. 

"DIAMOND H" Relays 

Look into the heart of the control system for a missile, a 
computer, a nuclear submarine, or a great many other critical 
applications. You might be surprised how often you'll find 
"Diamond H" relays. 

Unless, of course, you're one of the increasing number of 
engineers who've already selected "Diamond H" relays for a 
spot where they just have to work despite all sorts of adverse 
conditions. 
Hart makes relays of three basic types: miniature, hermeti-

cally sealed, aircraft-missile relays (Series RIS); high speed, 
sensitive, polarized relays (Series P), and general purpose AC, 
DC relays (Series W). 

Technical literature outlining the wide range of characteris-
tics available with each type relay is yours for the asking. You'll 
find "Diamond H" engineers uncommonly adept at working out 
a variation of the basic designs to meet your set of specific 
requirements. 

Tell us your needs . . . by phone, wire or letter. 

THE HART MANUFACTURING 
COMPANY 

244 Bartholomew Ave., Hartford 1, Conn. 
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Prototyping kit 
Item 198 

Five new instrument and rack mounted 
chassis, designed to accommodate from six 
to forty-four standard printed circuit Proto-
Cards are now available, off-the-shelf. The 
all-aluminum CSL Proto-Chassis are supplied 
as knock-down components, completely pre-

drilled and tapped for easy, rapid assembly 
with a screwdriver. Only control panel holes 
and mounting holes for special circuit ele-
ments need be drilled. Instrument chassis 
include a 6-card model with a 6" x 6" front 
panel and a 10-card model with a 6" x 8" 
front panel. 

Circuit Structures Lab., P.O. Box 34, 
Laguna Beach, California. 

Assembly jig Item 199 
Four independent, 2-inch vertical holders, 

adjustable to 33/4 " width and 8" length, 
permit operators to assemble electronic 
components "sandwich style" between Mylar 
films. Cadmium- plated slides facilitate 
smooth adjustments for length and depth. 
Assembled modules are easily removed from 
the Model Fil-202 Film Holder for weld-
ing and encapsulation. Price: $31.50 (U.S.) 
F.O.B. Hawthorne, Calif. Shipping weight: 
2 lbs. Immediate delivery. For additional 
information contact: 
Welded Electronic Modules, Inc., 4407 

West 118th Place, Hawthorne, Calif. 

Selective plating Item 200 
A number of new, and several improved 

high-speed selective electro-plating solutions 
are now available. Most unusual of the new 
electrolytes are rhenium, ruthenium and a 
hard (700 Brinnel) nickel-tungsten alloy. 
These solutions are intended for use with 
the company's "table-top" electroplating 

systems. By means of special styluses and 
power packs, controllable amounts of alloys 
as well as metals are deposited on selected 
areas without having to imerse the entire 
object in electrolyte. 

Seiectrons Ltd., 153 East 26th St., New 
York 10, N.Y. 

Multi-layer circuits 
Item 201 

Virtually unlimited design possibilities are 
provided by new direct-printed circuit tech-
niques. Methods make possible the stacking 
and interconnection of precision circuits 
separated by layers as thin as two mils of 
the new Motson "Mono-Clad" insulation. 

Circuits can be printed on outside and/or 
inside (including thru hole connections) of 
geometric shapes such as cubes, spheres, 
tubes, etc., in copper, silver, nickel, gold 
and rhodium. Interconnections can be made 
to any circuit level and printing techniques 
can carry circuits over edges and around 
corners. 

J. Frank Motson Company, Flourtown, 
Pennsylvania. 

Micro toroid winder Item 202 
Micro - miniature toroids can now be 

wound economically for the first time as 
a result of the perfection of a new class 
of winding machine, the Telex/Lumen Type 
4402. Machine features great simplicity, 
shuttles having been eliminated. Between 
24 and 81 turns of wire can be wound 
onto cores in the range: 0.23"0D, 0.12"ID, 
0.06" thick, and 0.08"0D, 0.05"ID and 
0.025" thick. Min. core ID is 0.02" and 
max. core OD is 0.25". Bifilar windings can 
be provided and uniform spacing of turns 
is assured. 
Telex Lumen, P.O. Box 905, Joliet, III. 

Small parts container Item 203 
A completely new type materials handling 

container, designated the Stack-n-Nest (R) 
Hopper Box, is now available. The new con-
tainer will stack and nest within its own 
dimensions without reversing ends, as well 
as stacking on inclined surfaces up to 15°, 
as shown. The new container also features 

a hop'', I end, allowing the boxes to be used 
at assembly areas, as stock pans, and per. 
milting faster transfer of contents. The new 
trays are 24" long by 113/4 " wide by 71/2 " 
deep 0.0., and are a one-piece molding of 
Fiberglass reinforced polyester. 

G. B. Lewis Company, 369 Montgomery 
Street, Watertown, Wisconsin. 

Vacuum tweezer 
Item 204 

The advanced Vacuum Tweezer consists 
of a small adjustable vacuum generator that 
is patented and UL approved, a vacuum 
pencil, five assorted-size vacuum pick-up 
tips, five vacuum cups, a 40-inch length of 
clear Tygon vacuum tubing to eliminate 

contamination problems, and a carrying 
case. Held like a pencil, the Vacuum 
Tweezer is a precision micro-miniature de-
vice that permits lifting, holding, sorting, 
carrying or depositing of parts at the end 
of the specially designed vacuum tips. 
Ultrasonic Laboratories Ltd., 1780 st. 

George Ave., Rahway, N.J. 

Time base calibrator Item 205 
Conveniently pocket-sized and completely 

solid-state, the Model 45 is ideal for ac-
curate field or laboratory calibration of 
oscilloscope sweep circuits. It may also be 
applied to the axis for use as intensity 
markers or used as a harmonic multiplier 
for harmonic ridge type of calibration. 
When required, the Model 45 may be used 
with a scope for calibrating audio oscilla-
tors by Lissajous technique. Output of 0.25 
volts, peak to peak, minimum; Accuracy of 
frequency at room temperature: 10 MC 
±.01%, 100 KC ±-.01% and 1 KC -±-1%. Size: 
3-1'16" x 51/2 " x 7/8". 
Whittaker Electronics Ltd., 1171 Whitmore 

Avenue, Ottawa 3, Ontario. 

Encapsulation cups Item 206 
Non-metallic encapsulation cups of un-

filled and glass filled polycarbonate in a 
wide range of sizes and configurations are 
now available. This material provides the 
highest impact strength of all plastics and 
as a consequence polycarbonate cups have 
no tendency to crack or deform. They are 

suitable for continuous service in temper-
atures as high as 300°F and as low as —60°F. 
These cups can be supplied with mounting 
lugs and drilled or pierced for terminal 
holes, silk screened or hot stamped as re-
quired. 
Gibson-Egan Company, P.O. Box 5352,. 

Pasadena, California. 
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Sub-min. rotary potentiometer 
Item 207 

A subminiature rotary potentiometer 
capable of delivering the ultimate in pre-
cision performance while utilizing a min-
imum of space has been announced by Day-
strom. Weighing only 7 grams and with a 
total overall case length of only 3/8", the 

new Model 304 is a single turn unit which 
emphasizes high linearity. The new series 
meets or exceeds all applicable MIL specs. 
being capable of carrying 2 watts at 50°C 
in still air and operating up to 150°C. Re-
sistance range is 10 to 50K. 
Daystrom Ltd., 1480 Dundas Highway East, 

Cooksvi Ile, Ont. 

Shielded co-ax plugs Item 208 
A specially molded 2-pin plug of standard 

pin spacing used on most electronic instru-
ments is made integral with a fully 
screened co-ax lead. In test hook-ups or 
in permanent installations, shielded "Adda. 
plugs" protect RF signals from interfering 
with other RF signals. Other variants are 
available to meet virtually every require-
ment. Included are Addaplug tips, phone 
tips and various RF connectors. Co-ax leads 
with various types of plug at either end 
can be supplied. 
Associated Engineering Corp., 65 Kent St., 

Brookline 46, Mass. 

Micro spotlight Item 209 
An optical point source, the new spotlight 

has many other uses such as for read-out 
devices, medical and industrial light probes, 
transistor indicators, pointer and meter 
scale illumination. Tiny unit measures 0.08" 
long x 0.03" dia. and contains integral lens 

giving 10 to 1 light intensity in desired 
direction. The unit, believed to be the 
world's smallest, gives a total light output 
of 60 millilumens. The low thermal time 
constant makes the lamp suitable as a fast 
light modulator. 
Mel Sales Ltd., 1969 Avenue Road, Toronto 

12, Ontario. 

High 'g' microinductors 
Item 210 

Unique new ultra fine wire winding tech-
niques, and a new concept in design and 
construction, enable these new micro-
inductors to withstand more than 10,000 G's! 
Designed for relatively low current circuitry 
where extreme mechanical ruggedness and 

resistance to environmental change is de-
sired, these ferrite-cored inductors are sup-
plied in three styles: "Type 1", with double 
leads at one end; "Type 2" with single 
leads at both ends; and ""I'ype 3", with 
double leads at both ends. All exceed MIL-
C-15305A, Grade 1, Class 0. 
Clippard Instrument Lab. Inc., 7390 Cole-

rain Rd., Cincinnati 39, Ohlo. 

Compactron rectifier Item 211 
Designated type 2AH2, the new 12-pin 

Compactron rectifier is designed to supply 
power to the anode of television picture 
tubes. The cathode type heater employed 
enables the tube to handle substantially 
higher voltages than other rectifiers with 
filament heaters. Max. PIV rating of the 
2AH2 is 30Ky for total DC and peak, and 
24Kv in the d.c. component. Max. average 
d.c. current is 80mA. The new tube has a 
seated height 1/8" less than conventional 
tubes and overall height Is 3/4 " shorter. 
Canadian General Electric Co. Ltd., Elec-

tronic and Tube Dept., 189 Clufferin Street, 
Toronto 3, Ont. 

Precision eyelets Item 212 
Miniature eyelet sizes in an outside diam-

eter range of from .046" to . 100" are avail-
able in stock sizes for application in elec-
tronic tubes, rectifiers, diodes, electrical 
switches, printed circuitry and many other 
electrical components and devices. These 

eyelets made from pure nickel, stainless 
steel, copper, brass, or steel nickel plated, 
have many uses in the manufacture of small 
components. They are precision made to 
extremely close tolerances and guaranteed 
perfect. 
RAMCO Manufacturing Company, 540 

Westfield Ave. W., Roselle Park, N.J. 
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Circuit storage trays 
Item 213 

The new storage trays have been specially 
designed for use in production departments 
and assembly lines for the safe storage of 
printed circuit boards. The trays assure 
safe storage in transit and completely elim-
inate the problem of edge damage. Trays 

are adjustable to carry boards from 1" to 
19" long and from 1/32" to I/4" thick. Trays 
feature sturdy light-weight steel construc-
tion, grey epoxy finish and are complete 
with molded plastic dividers. Kits consist 
of tray and 6 dividers. 

Hollis Engineering Inc., Pine St. Exten-
sion, Nashua, New Hemp. 

Microminiature resistors Item 214 
These metal film resistors, which meet 

all the requirements of MIL-R-10509C are 
rated at ¼ and 1/2  watt, and are 0.3" and 
0.475" in body length respectively. Resist-
ance range is from 250 to 500K at a stand-
ard tolerance of 1,;;:. Special tolerances of 
1/2 5, 2'; and 5';, also available. Voltage 
ratings are 250 for the 1,•Yw unit and 300 for 
the 1/2 w types. Temperature coal!. (stand-
ard) is ±100ppm/°C. Values down to 
25ppm ,°C to special order. Noble metal 
films used resist all ambient condftions. 
American Components Inc., 8th Ave. and 

Harry St., Conshohoken, Penn. 

Binary coded switch Item 215 
A new series of Ultra-Switches, designated 

the 2000 Binary Coded Switch, is now avail-
able from Ultrasonic Systems Corp. These 
are the first modern-styled fully-mechanical 
push-button switches made for the manual 
conversion of decimal to various binary 

code systems. Standard models are designed 
to convert to the 1-2-4-8 standard binary 
code; they are easily adapted to other 
codes such as the Excess-3. Their operation 
is fully mechanical, they eliminate elec-
tronic logic systems. 
Ultronic Systems Corporation, 7300 N. 

Crescent Boulevard, Pennsauken, N.J. 

Continued on page 65 
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the international scene 
.... 

European engineers of the Interna-
tional Telephone and Telegraph Cor-
poration install a buried transistor 
repeater for a carrier telephone sys-
tem in Sardinia, using a new type of 
coaxial cable that is thinner than a 
pencil. 

U.K., Sweden form telecom 
company to serve Nigeria 

lt was recently annouriced by the 
L M. Ericsson Company of Sweden 
and Marconi's Wireless Telegraph 
Company Limited of England that they 
have together formed a new company 
in Nigeria, to be known as the Nigerian 
Telecommunications Corporation. 

Purpose of the new corporation is 
threefold; to provide an on-the-spot 
organization which can deal rapidly 
and efficiently with all aspects of tele-
communication requirements; to pro-
mote the expansion of technical edu-
cation in Nigeria, and to introduce 
local assembly of some types of tele-
communication units rather than 
import them already assembled 

Italy and Argentina admitted 
to IFIP 
Two new nations, Italy and Argen-

tina, have been formally admitted to 
the International Federation for In-
formation Processing, raising to 19 
the total number of member countries 
in the Federation. Their membership 
was ratified at a meeting of the IFIP 
Council in Copenhagen, Denmark. 
IFIP is a federation of national pro-

fessional and technical societies de-
voted wholly, or in part, to the infor-
mation processing sciences. Its name 
was changed from International Fede-
ration of Information Processing Socie-
ties to International Federation for 
Information Processing (IFIP) at the 
Copenhagen Council meeting. Each 
nation is represented on the IFIP 

Council by one official delegate. The 
two new nations join Australia, Bel-
gium, Canada, Czechoslovakia, Den-
mark, Finland, France, Germany, 
Japan, Netherlands, Poland, Spain, 
Sweden, Switzerland, United Kingdom, 
United States and the USSR. 

COTC operations opened 
between Canada and 
Argentina 

Dr. Arturo Frondizi, President of 
Argentina, opened direct telecom-
munications between Canada and 
Argentina over the facilities of the 
Canadian Overseas Telecommunication 
Corporation on November 28, 1961. 

Assisted by the president and gen-
eral manager of COTC, Douglas F. 
Bowie, Dr. Frondizi transmitted a telex 
message to Buenos Aires to inaugu-
rate this service. 

Mr. Bowie stated that in addition 
to opening direct telex services the 
Corporation simultaneously placed 
into service direct telegraph and tele-
phone operations between Canada and 
Argentina. 

ITT to supply transmitter for 
communications satellite 
A contract to supply the transmitter 

which will be used by the General 
Post Office for satellite communication 
experiments to be conducted this year 
in co-operation with U.S. authorities 
has been awarded to Standard Tele-
phone and Cables Limited, an asso-

ciation of International Telephone and 
Telegraph Corporation. 
The equipment will be installed at 

the site of an 85-foot diameter steer-
able antenna now being erected in 
Cornwall, about 250 miles from Lon-
don. The transmitter will operate in 
the 200 megacycle communication 
band and will deliver frequency-modu-
lated output of 10 kilowatts. 
The present program calls for the 

transmitter to be installed and fully 
operational by April 1962. An active 
repeater communication satellite to be 
launched by the U.S. government will 
enable tests to be conducted on tele-
vision transmission and two-way 
speech communication between Eng-
land and America. 

Second order received for 
world's largest computer 
The U.K. parent organization of Fer-

ranti-Packard Electric Limited, To-
ronto, has received a second order 
for their giant Atlas Computer. This 
unit will be installed at the Univer-
sity of London and is expected to 
accelerate appreciably Britain's scien-
tific research program. This an-
nouncement is made just a month sub-
sequent to the announcement of the 
first Atlas purchase by the U.K. 
Atomic Energy Authority. 
The growing North American in-

terest in machines of the size and cap-
abilities of Atlas is resulting in active 
consideration by Ferranti-Packard in 
the Canadian production of this mam-
moth computer. 

Ultrasonic cleaner commands interest at exhibit in Yugoslavia. Fairgoers watch 
a demonstration of a "diSONtegrator" ultrasonic cleaning machine made by 
Ultrasonic Industries Inc. The machine which uses high-frequency sound to 
precision clean thousands of products, was demonstrated in a complete industrial 
medical center set up as part of the U.S. Exhibition at the Zagreb, Yugoslavia, 
International Trade Fair. 
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product panorama 

For further information on Products 
use Readers' Service Cards on pages 
69 and 70. 

Continued from page 63 

Sub-min. hour counter 
Item 216 

A sub miniature Time Totalizing Meter 
that accurately indicates elapsed operating 
time of aircraft and missile electronic equip-
ment and systems is now available. The 
Parabam Time Totalizing Meter is used to 
determine reliability, prevent failures and 
facilitate maintenance procedures. Meter 
reliability and accuracy under the most 
severe operating conditions are assured by 
watchlike design and a spring coupled 28 

volt DC torque motor. Weighs approx. 2 
ozs. Has a 1.040" dia. face. Available in two 
ranges: 1 hour to 1,000 hrs. or 10 to 10,000 
hrs. 
Alex L. Clark, Ltd., 3751 Bloor St  W., 

Islington, Ontario. 

Sub-min. pulse Xformers 
Item 217 

UTC's new PIP series of transistor pulse 
transformers are physically designed to be 
extremely compatible with transistors in 
equipment designs. Subminiature size (5/16" 
diameter x 3/16" high, 1/20 oz.) allows for 
maximum component density in equipments. 
Units are all manufactured and guaranteed 
to MIL-T-21038 by full environmental test-
ing. There are 9 units in this new series. 
Characteristic parameter ranges are: Pulse 
Width: .05 to 10 microseconds; Rise Time: 
.018 to .4 microseconds; Impedance, in, out: 
50 to 200 ohms. Units can be mounted by 
leads or a clip. 
United Transformer Corp 150 Varick 

Street, New York 13, New York. 

Brushless DC motor 
Item 218 

Designated Model "T", these units fulfill 
the need for reliable, long-life d.c. motors 
in critical applications where maximum reli-

ability is essential. Usual commutator is 
eliminated and the commutation process is 
carried out by a transistor circuit. Life then 
becomes virtually a function of the bear-
ings . . . models have already run continu-
ously for 15,000 hours. Ratings are from 
300mW to 4 watts input and integral gear-
heads with a choice of speeds are available. 
Brailsford & Co. Ltd, 670 Milton Rd., 

Rye, N.Y. 

MADE IN CANADA 

Yin 
omialtaia. 

Speerlicatii)n,: 

1. 5% band width C band 
and above. 

2. Isola- ion between decoupIed 
arms 20 db minimum. 

3. VSWR 1.20 on all arms. 

4. Insertion loss .5 db 
maximum. 

44111. FERRITE 
TEE 
CIRCULATOR 
This economical and versatile 
unit can be made in various 
configurations and combinations 
to meet your microwave require-
ments. Used singly a very 
economical duplexer can be 
made. Used in tandem (as illus-
trated) a duplexer with excellent 
antenna to magnetron isolation 
can be obtained. 

AMMON CANADA LIMITED 
349 Carlow Ave. 
Toronto 8, Ont. 

For complete details check No. 2 on handy card, page 69 

HERE'S THE 

COMPLETELY 

AUTOMATIC 
LONG TERM 

STORAGE RECORDER 

Designed to operate continu-
ously for at least 8 hours 
(14 inch reels-4800-foot tape), 
the Magnecord 817 - DL long-
term storage recorder is 
completely automatic. Its 
recording time may be ex-
tended up to several weeks by 
the use of a voice operated 
relay. 

Ideal for use by Police and Fire Depart-
ments, Hospitals, Business ( conferences), 
Court Room Sessions and many others. 

el ¡Rai 
st. . 
c c 

fa, 

ASK FOR COMPLETE DETAILS 

agnecerci 
CANADA LTD. 

3751 Bloor St W., Toronto. Ontnrin 

For complete details check No. 10 on handy card, page 69 
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A technician in the Univac thin-
film research laboratory checks 
over the results of an experi-
ment in coating techniques. Re-
searchers are investigating the 
magnetic qualities of various 
metals when vaporized and then 
condensed to form a "thin-film" 
on a glass plate. The hood of 
the bell chamber, where this 
vaporization and condensation 
occurs, has been lifted by the 
technician. 

Peter Munk, B.A.Sc., P.Eng., points out some tech-
niques in the assembly of a Clairtone stereo hi-fi to-
visiting engineer who is in Canada from Switzerland 
to study Clairtone methods. 

An operator at the Rexdale plant of Litton Systems 
(Canada) Ltd., assembles components on a printed 
circuit board used in the CF-104 navigation system. 

close-up 

a pictorial comment 
of the industry 
in action 
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A REMINDER 

to those readers who will receive circulation verifica-
tion post-cards. 

PLEASE COMPLETE CARD IN FULL 
Our mailing list auditors insist that we have the 
following information from you: 

Your Name 
Address 
Company 
Type of business 
Your position 
Your signature 

A properly completed card will keep you on our 
mailing list for future issues of 

ELECTRONICS & COMMUNICATIONS 

FOR 

A. C. LINE REGULATION 
IT'S 

STEDIVOLT 
QUALITY REGULATORS 

SINGLE OR THREE PHASE 
2 to 350 K.V.A. 

GEORGE IFICIELI‹ LIMITED 

5 Lesmill Road, Don Mills, Ont. 

For complete details check No. 22 on handy card, page 69 

TR-60 

Transistor Checker 
Gives direct readings of 
CO. & B. of all transistors, 

checks diodes and rectifiers, 
4" full view meter-50 UA 
sensitivity. Battery oper-
ated, portable with sturdy 
metal case. An inexpensive 
unit with top performance 
characteristics. 

WIRED AND CALIBRATED 

ONLY $44." 

WIRED AND CALIBRATED 

ONLY $34." 
Picture Tube Tester 

and Rejuvenator 
CRT-38 is specially de-
signed for testing of all 
types of magnetically de-
flected picture tubes. 
Tests tubes up to 110° 
for quality; all black and 
white tubes for shorts; 
rejuvenates; tests color 
tubes. Housed in a hand-
some leatherette case. 
Readings made on 31/2 " 
full view meter. 

STARK ELECTRONIC INSTRUMENTS LTD. 
AJAX, ONTARIO 

NEW DESIGN FOR 

MICRO MINIATURE 

CONSTRUCTION 

.15UhrolOOLIh 

IN 35 STANDARD VALUES 

1025 SERIES 

MICRO MINIATURE 

MOLDED INDUCTORS 
For reliability, for sheer stabil ty, for perfected accuracy and for 

exceptional miniaturization, Delevan's new 1025 Series of Molded 
Inductors introduces the industries smallest package design, offer-
ing high inductance ranges in 1/4 the physical volume of the previous 
smallest coils having equal inductarces. The 35 values in this 
Series are perfect for modern desigeing where micro-miniaturiza-

tion construction is of prime importance. 
Size is truly small! . 10 inch in diameter and .25 inch in length 

with inductance ranges from . 15 uh thru 100 uh. Color coded to 
conform with MIL-C- 15305B. 

Call your distributor now, or write to us direct. We are all stocked 
with the new 1025's to ship immediately. 

A SUBSIDIARY OF AMERICAN PRECISION INDUSTRIES, INC 

ELECTRONICS CORPORATION 
270 QUAKER ROAD • EAST AURORA, NEW YORK 

For complete details check No. 05 on handy card, page 69 
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A random selection of some 

of the 500 products to be 

displayed from 9:30 a.m. 

to 5:30 p.m. each weekday, 

from Jan. 24th - Feb. 9th 

at the Japan Trade Centre, 

83 Yonge St., Toronto: 

Machinists' tools 

Turret lathe 

Milling machine 

Transceivers 

Direction finder 

Carbon film resistors 

Home knitting machine 

Radial bearings 

Line phrehellometer 

Sensitive recorder 

Hot wire anemometer 

Adjustable reamer 

Auto lighting parts 

Mini-motor 

Strain indicator 

Auto electric blasthorn 

Capacitors 

Ball bearings and miniatures 

Piston rings 

Taxi meters 

Taps, gauges 

Dial indicators 

Dial thickness gauge 

Potention meter 

Wire strippers 

Various drills 

Auto lamp bulbs 

Auto accessories 

Photo electric cells 

Tubular speakers 

Projectors 

Measuring tape 

Drawing instruments 

Analytical balance 

Hand taps 

Radicator 

Binoculars 

Screw slotting cutter 

Welding electrode 

Motorcycle 

Protractors 

Tuning indicator 

Milling cutter 

Have you considered... 

NEW PRODUCTS FROM JAPAN? 
ADVANCED DESIGN AND QUALITY 

When Japan's shipbuilding industry grew into global leadership, 
it spearheaded rapid development of a new machinery industry 
for the nation. This attracted world attention which brought 
recognition of Japanese skills, technology and scientific achieve-
ment in developing new products in a variety of fields including 
electronic precision equipment, machinery, and parts. Soon. 
Japan was known the world over for advanced design, improved 
quality, dependability . . . and ingenuity in developing new 
products. 

WIDE RANGE GOING ON DISPLAY 

World interest and demand have soared high for Japan's electronic 
equipment, for her heavy machinery, smaller precision equipment, 
and parts for all. A variety of electronic meters, direction-finders, 
walkie-talkies and other items of interest are included in the 500 
products to be displayed from January 24 to February 9 at 
Toronto's Japan Trade Centre. Come and see for yourself. 

More information on Japan's electronic and 
machinery manufacturing industries may be obtained from . . 

THE JAPAN TRADE CENTRE 
83 YONGE ST., TORONTO 

JAPAN EXTERNAL TRADE ORGANIZATION 
TOKYO 

For complete derails check No. 2.1 on handy card, page 69 
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APPLICATION FOR FREE SUBSCRIPTION 

TECHNICAL 

LITERATURE BRIEFS 

Item 219 
Epoxy pellets for insulating: bulletin 

No. 8 describes the use of epoxy pellets 
for protecting tantalum capacitors and 
is available from Epoxy Products Divi-
sion. Joseph Waldman and Sons. Sket-
ches and photographs are used to 
illustrate each process described. E. S. 
Gould Sales Co. Ltd., 19 le Royer St. W., 
Montreal, P.O. 

Item 220 

Ferrite Circulators: Catalog CR-61 pro-
vides data on a series of ferrite circula-
tors available in EIA WR90 waveguide 
size. Applications and illustrations are 
included in this 4-page catalog. Tech 
Associates, 23 St. Thomas St., Toronto, 
Ont. 

Item 221 
Sidewall hybrids: 12-page. two color 

catalog. HS61. details more than 100 
sidewall short-slot hybrids. covering EIA 
waveguide sizes from WR15 to WR2100. 
Illustrations of various styles and termi-
nations are provided. Tech Associates, 
23 St. Thomas Street, Toronto, Ont. 

Item 222 

Mercury-wetted contact relays: 8-page 
catalog describing a nets Potter & 
Brumfield series designated J111, is avail-
able. Design details and electrical and 
physical performance characteristics are 
featured. Technical Information Dept., 
Potter g Brumfield Division of AMF 
Canada Ltd., Guelph, Ont. 

Item 223 
Home interphone system: sales pamph-

let SP-6101 has been issued describing 
the lA Home Interphone System, which 
enables a subscriber to attend to many 
domestic duties with the minimum of 
inconvenience. Northern Electric Co. 
Ltd., 1600 Dorchester Blvd. West, Mon. 
treal, P.Q. 

Item 224 

"1962 Industrial Electronic Catalog": 
contains 456 pages of complete listings 
of nationally known products. cross 
reference data, electronic tables, defi-
nitions and formulae. Wholesale Radio 
8. Electronics Ltd., 66 Orfus Road, To-
ronto 19, Ont. 

Item 225 
Frequency spectrum span: this folder 

describing the frequency spectrum of 
the electronics industry, should be help-
ful in relating the continuous flow of 
new developments to their proper signifi-
cance within this field. Raytheon Com-
pany, Lexington 73, Mass. 

Item 226 

Fluorescent ballast catalog: 32-page 
book. CGEC-983H. contains detailed ap-
plication information for CGE "Hi-
Value" ballasts. Data tables included 
provide electrical characteristics and 
ph, si(-al dimensions for Gold Label. 
Siltt'I Label and Bronze Label ballasts. 
Canadian General Electric Co. Ltd., In-
dustrial Products Div., 940 Lansdowne 
Ave., Toronto, Ont. 

Item 227 

Energy discharge capacitors: electrical 
and mechanical design criteria on energy 
discharge capacitors is summarized in a 
bulletin designated as TSC-208. Sangamo 
Electric Co., Springfield . Ill. 

Item 228 

Standoffs, spacers and posts: 4-page 
catalog lists a complete range of these 
in a wide range of sizes, shapes and 
materials. Also included is a pricing 
formula to compute price on any spacer 
or post, in any combination of material, 
shape and finish Angler I ndustries, Inc., 
75 Winthrop St., Newark 4, N.J. 

Please ADD my name to receive ELECTRONICS & COMMUNICATIONS 

Please CHANGE my address for mailings. 

Note — Card must be completed in full to be valid. 

My Name 
(Please Print) 

Mail copies to my D  home, or El business address as noted below. 
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The Model STV is an extremely accurate and stable reference source 

for use with " null balance" devices such as potentiometers and other 

infinite impedance comparators. It is at least equivalent in accuracy 

to the best unsaturated standard cells and is superior in almost all other 

respects to both saturated and unsaturated types. 

While the Model STV is essentially a zero current drain source, it 

may be operated into any impedance without damage. It can be short 

circuited indefinitely without affecting accuracy or life expectancy, and 

it will almost instantaneously regain its original open circuit voltage 

when the short is removed. For calculating output current, the Model 

STV may be considered a perfect voltage source in series with a 2000 

ohm resistance; thus the maximum current when short circuited is .5 ma. 

Special units are available for use as Standard Current sources into 

specific external resistances. 

SENSITIVE RESEARCH 

.01% ACCURA1E ModTeyipSeT.VIA—,, 

The calibration of all 

instruments by Sensitive 

Research is directly 

traceable to the National 

Bureau of Standards in 

Washington, D. C. or 

Boulder, Colorado 

D. C. VOLTAGE STANDARD 
The accuracy of the Model STV is unaffected by vibration from 

transportation, exposure to extremes of temperature, or changes in 

operating position. 

The stability of the Model STY is guaranteed to a minimal ÷ .01% 

of certified output. Performance figures obtained to date indicate some 

units are capable of stabilities of '1.005% for periods in excess of a 

year. However, so that the voltage standard may be used with great 

assurance to its best accuracy, a 30-day recertification period is rec-

ommended. As a convenience, the instrument is furnished with a screw-

driver adjustment so that output may be varied if desired. The nominal 

output values can be readjusted by the user to within 10 ppm. 

The Model STV is furnished with a Sensitive Research certificate giving 

the measured value of both outputs. Calibration is accomplished by 

continuous reference, for a period 

of 30 days, to a bank of N.B.S. 

certified saturated standard cells. 

Calibration accuracy is better than 

5 PPrn• 

Special Model STY units can be 

furnished for operation up to 7.5 

volts. Multirange instruments are 

available with no change in case 

size, but with somewhat reduced ac-

curacy (dependent upon number of 

outputs desired). Special DC and 

battery operated units can be sup-

plied. Correspondence concerning 

individual applications is invited. 

SPECIFICATIONS—Type "1A" 

Input: 100-130 Volts AC; 60 cps; 25 va. 

Output: 1.0000 Volt and 1.0185 Volts 

D.C. 

Accuracy: :±2.01% of nominal output. 

Stability: -±.01% of actual output. 

Stability is guaranteed for 30 days. 

Performance characteristics are war-

ranted for a period of one year. 

Line Voltage Stability: .002% of actual 

output for 100-130 volt input. 

Temperature Coeffi-

cient: Less than.' .001% 

per °C between 20 °-

30'C. (Operates with re-

duced accuracy beyond 

these limits, but with its 

output exactly reproduci-

ble'. 

TYPICAL CURVE SHOWING VOLTAGE VARIATION WITH TIME 
ow. 

O 

O 

I OOP. 

'YON 

•111.7 

yew. 

04.1111 

5.947 3' 

Me. I 

7S 50 75 H • 

TIME IN HOURS 

SENSITIVE RESEARCH 
INSTRUMENT CORPORATION 

Operational Life: 

25,000 hours minimum. 

Size: 9%" x 7%" x 5". 

Weight: 10 lbs. 

Price: $280.00 

Type " 18" 

Rai k Panel Mounting 

Voltage Standard. Speci-

fications same as Type 

"lA" except mounted on 

19" x 514" x 5/16" 

bakelite panel. 

Price: $295.00 

NEW ROCHELLE, N. Y. 

ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 

Represented in Canada by: MEL SALES LTD., 71 Crockford Blvd„ Scarborough, Ontario 

For complete details check No. 32 on handy card, page 69 
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Top Performance 
and budget prices are features 

of these TWO NEW 

HEATHKIT 
TEST INSTRUMENTS! 

HEATHKIT VACUUM 
TUBE VOLTMETER 
Specially designed for ser-
vice bench use, the new 
Heathkit 1M-10 features an 
oversize 6" 200 ua meter. 
Multi-colored scales and 
high contrast panel screen-
ing show at a glance the 
correct range and scale to 
use for fast, easy reading 
of all measurements. Re-
cessed, thumbwheel "zero" 
and "ohms" adjust controls 
guard against accidental 
change in settings. Accuracy 
and wide frequency re-
sponse are possible through 
1% precision resistors and 
husky capacitors. Separate 
1.5 and 5 volt AC scales. The 
1M-10 measures AC and DC 

voltages from 0 to 1500 volts in seven ranges; resistance 
from .1 ohm to 1000 megohms in seven ranges. DB calibrations 
are provided for relative voltage measurements with circuit 
components selected to give 10 db steps between ranges. Test 
leads included. 
Kit Model IM- 10   $48.95 

EXTRA-DUTY WIDE BAND 
5" OSCILLOSCOPE 
Fresh new styling, husky new 
power supply and added con-
trol features make the 10-30 
an unbeatable value! Two extra 
sweep positions are provided 
in addition to the normal range 
for switch-selection of 2-preset 
sweep frequencies. Capacitors 
are provided to give frequen-
cies of 30 cps and 7875 cps 
often used in TV servicing. By 
changing capacitor values any 
2 preset frequencies can be 
made available. Other features 
include: wide band amplifiers, 
push-pull output, positive trace 
position controls, excellent 

linearity and lock-in characteristics and automatic sync circuit. 
Kit Model 10-30   $89.95 

Write for your free catalogue listing more than 
200 easy-to-build HEATHKITS! 

DAYS T R 0 IVI LIMITED 
IJE 

1480 Dundas Hwy. East, COOKSVILLE, ONT. 
6128 

Write today for catalogue. 

STARK ELECTRONIC SALESCOMPANY 

Now everyone can afford quality meters by 
Stark. Never before have meters of such quality, 
accuracy and reliability beei offered at such 
low prices. 

Available in sizes from 1" to 6" round, square, 
edgewise, clear plastic and switch board. 
Special sty ings can be designed to customer's 
requi ,ements. 

For complete details check No. 34 en handy card, page 69 

ADÇQ0,1L 

MODERN SOLDERING EQUIPMENT 

Illusi rated: 

Instrument 

Cat. No. 70 

and 

Protective Shield 
Cat. No. 68 

ADCOLA 

PRODues LTD. 

Box 103, Weston, 

Ont. 

Used on 

the transatlantic 

telephone 

submarine cable 

between 

Newfoundland 

& Nova Scotia 

for wiring 

the 2-way 

submerged 

telephone 

repeater 

amplifiers. 

For complete details check No. 13 on handy card, page 69 
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Defense industry barometer 
DDP contract awards 

Given below is a list of unclassified contracts for $10,000 
or more awarded to Canadian electronics companies by the 
Department of Defense Production during the month of 
November. Figures represent total dollar value of one or more 
contracts in each case. Rental of Communications services is 
not included. 

Firm 

Aircraft-Marine Products 
of Canada Ltd., 

Toronto, Ont. 

Alberta Government 
Telephones 

Edmonton, Alta. 

Burgess Battery Co., 
Niagara Falls, Ont. 

Burndy Canada Ltd., 
Scarborough, Ont. 

Canada Wire & Cable 
Co. Ltd., 

Ottawa, Ont. 

Canadian Admiral 
Corp. Ltd. 

Port Credit, Ont. 
Canadian General 

Co. Ltd. 
Ottawa, Ont. 

Canadian General 
Co. Ltd. 

Toronto, Ont. 

Canadian Marconi 
Montreal, P.Q. 

Collins Radio Co. of 
Canada Ltd., 

Toronto, Ont. 

Conway Electronic 
Enterprises Ltd., 

Toronto, Ont. 

Electric Storage Battery 
Co. (Canada) Ltd., 

Toronto, Ont. 

Electromechanical 
Products, 

Agincourt, Ont. 

G tt Manufacturing 
Ltd , 

Rexdale, Ont. 

Gould-National Batteries 
of Canada Ltd., 

Toronto, Ont. 

Honeywell Controls 
Toronto, Ont. 

Instronics Ltd., 
Stittsville, Ont. 

Lenkurt Electric Co. of 
Canada Ltd., 

Ottawa, Ont. 

Long Sault Woodcraft Ltd., supply and assembly 
St. Andrews, P.Q. rigid radomes 

Mallory Battery Co. of 
Canada Ltd., 

Toronto, Ont. 

Measurement Engineering 
Ltd., 

Arnprior, Ont. 

Prest-O-Lite Battery Co. 
Ltd., 

Toronto, Ont. 

RCA Victor Co. Ltd., 
Montreal, P.Q. 

Sparton of Canada, Ltd., 
London, Ont. 

Sperry Gyroscope Co. of 
Canada Ltd., 

Montreal, P.Q. 

Ltd., 

Stewart-Warner Corp. of 
Canada Ltd., 

Belleville, Ont. 

TMC (Canada) Ltd., 
Ottawa, Ont. 

Union Carbide Canada 
Ltd., 

Toronto and Ottawa, Ont. 

Wind Turbine Co. of 
Canada Ltd., 

Waterloo, Ont. 

Item 

electronic components for 
control tower installations 

Dollar 
Value 

$ 62,476 

installation of telecommu- $122,787 
ideation equipment 

batteries 

electronic components for 
air traffic control consoles 

armored radio frequency 
coaxial cable 

radiacmeters, power sup-
ply 

Electric electrical cable, leak detec-
tors 

Electric electronic tubes 

Co., technical publications 

maintenance telecommuni 
cation spares 

digital voltmeters 

batteries 

digital decommutator 

technical publications 

batteries 

technical publications 

electronic equipment, oscil-
loscopes and accessories 

electronic equipment 

22,067 

5 55,095 

$ 27,341 

$340,588 

$ 23,382 

$181,658 

11,567 

33,449 

$ 25,561 

$ 56,651 

56,757 

5 18,600 

51,759 

5 54,720 

$ 94,563 

$ 12,513 

of $161,941 

batteries $ 14,977 

telegraph relay equipment $ 48,183 

batteries $106,757 

electronic tubes 5 16,460 

sonobuoy transmitters $2,329,002 

marine loran equipments. $ 67,645 
repair and overhaul of 
gyro compasses during 
period ending March 31/62 
electronic components $ 19,498 

electronic equipment $ 15,426 

batteries, underground 
feeder cable $ 61,000 

designing and provision of $ 14,642 
rhombic antenna kits 

CANADA 
METAL 

New Brains 
New Know How 
New Products 
New Customers 
are steadily attracted to a creative 
metal organization that consis-
tently matches and betters all 
corners in open competition for 
about 80 years. 
Each new ounce of brains, smid-

gen of know how, gaggle of pro-
ducts and clutch of customers 
reinvigorates, stimulates ... think-
ing is kept keen, original . . . 
hungry. 
Canada Metal is always 

mightily hungry . . . hungry to 
serve customers and to solve 
their metal, litharge and oxide 
problems. 

It's an insatiable hunger that 
covers just about everything in 
metal products.* 

Consult our Technical Service Department 

*Non-ferrous, of course 

THINK 
SPECIFY 
CONTACT 
BUY 

CANADA 
METAL 

CO UM,E0 

MONTRCAL 1. ,. , T0 SCARBONCUGII W1 .0,11“ CAL'. ARC 

ELECTRONICS AND COMMUNICATIONS. January, 1962 
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Letters 
to the editor 

More promotion for stereo 

Dear Sir: 

I think Mr. O'Brien raised a most 

important point in your "EIA News" 
in the November issue of Electronics 
and Communications regarding the 
promotion of stereo broadcasting to 
dealers and the general public. 

As a listener, I am very interested 
in this development and avail myself 
of the benefits offered by the stereo 
broadcasting radio stations CFRB and 
CHFI. However, if I had not had 
this initial interest, and asked a lot of 
questions, I doubt that I would have 
even known that stereo broadcasting 
was already an established fact. I con-
eantly look over the newspapers' radio 
sections to see when they are going 
to mention this important develop-
ment but up to now, I have failed to 
notice any. Many of my acquain-
tances are surprised when I tell them 
about it. 

Promotion of this medium in a way 
to reach the general public is essen-
tial, if it is to succeed. 

Sincerely, 
C. L. Littler, 
185 Bartley Drive, 
Toronto 16, Ont. 

We get a call for 
Canadian communications 

Dear Sirs: 

We are working in 3 different micro-
wave projects to link different cities 
in Lebanon. The first project is a 
120-channel Radio Telephone Link be-
tween the cities of Beirut and Tripoli, 
which will be a public tender closing 
February 10, 1962. 

We kindly request you to get in 
touch with companies interested in 
such projects and recommend to us 
one which can participate in the 
tender. For your information, please 
note that two years ago we executed 
the 72-channel UHF Radio Telephone 
Link between the cities of Beirut and 
Damascus . . . 

. . . we do hope that we will be 
able with your help to open the way 
for Canadian Telecommunication to 
penetrate this important area, we are, 
dear sirs, 

Yours faithfully, 
S. F. Daghir, 
D.I.T.A., 
Hout Bldg., 
Beshara - El Khoury St., 
Beirut, Lebanon. 

-"• 

the engineer's 
-!en,P::.'enek.L.M.IUMIMSNMIMMIMUMinautzemonemmgemen:.m.:,: 

Feature review by A. C. Stonell 

"Introduction to the dynamics of automatic regulating of electrical 
machines" by M. V. Meerov ( U.S.S.R.), translated by J. S. Shapiro, 
published by Butterworth & Co., ( Canada) Ltd., 1367 Danforth Ave., 
Toronto 6, Ont. 411 pp. Price $ 18.75. 

Servomechanism theory cannot be long hidden, even by a title as 
overpowering as that above, and it rapidly becomes evident as the 
subject of this book. After the presentation of a lengthy "brief history" 
of Russian achievements in the field, the author sets off to cover 
initially familiar ground. It is interesting to view it through Russian 
eyes, particularly since the "brief history" would lead one to expect a 
wide ranging and competent exploration. The persistent reader will find 
rewards, but he will have to work hard for them. 

It would appear that the author endeavored to cater both to practis-
ing professionals and to students, with the result that the standard 
of treatment varies somewhat within the book, however, the bias is in 
favor of the professionals. Despite shortcomings, the book undoubtedly 
deserves a place in any library of servomechanism texts. 

The translation into English has been handled with care, but 
unfamiliar notation and diagrams, and occasional misprints do not help 
to make the text readily comprehensible. Fortunately the effect of mis-
prints is not disastrous, their presence is usually obvious. The author 
himself contributes to the reader's troubles. Possibly through a desire 
to avoid repetition, explanations of the value and use of particular 
treatments or approaches are sometimes left until later in a chapter, 
or are given in a later chapter, or occasionally the reader is left to 
judge for himself. 

One hazard to easy understanding is the author's use of unnecessarily 
complicated examples, particularly in the early chapters. Specific 
knowledge of the properties of electrical machines, though not entirely 
necessary to those using the book as a servomechanism text, would be 
a decided asset. 

Despite these drawbacks, which in time prove superficial, the book 
is of considerable technical interest. Even in areas commonly covered 
by standard texts, often new insight may be gained through different 
methods of presentation. Detailed proofs of higher mathematical theory 
are usually avoided, although illustrative examples or special cases are 
sometimes worked to give insight into the nature of mathematical tools. 
About two-thirds of the book is devoted to linear theory and applications, 
the remainder to systems with various types of non-linearities. 

After an initial differential equation approach, Laplace and Nyquist 
methods of determining system characteristics are considered. Sub-
sequently a more general approach is taken, based on the continuity 

A. C. Stonell was born and educated 
in England and received his B.A. 
(mathematics) at Cambridge Univer-
sity. He was a propeller aerodynami-
cist at both Rotol and De Havilland 
and later, at Cottage Laboratories, be-
came a senior design engineer work-
ing on anti-submarine equipment. Re-
turning to De Havilland Mr. Stonell 
quickly rose to be Chief Dynamicist 
on the Firestreak guided missile pro-
ject. Since his arrival in Canada in 
1954, Mr. Stonell has participated in or 
led a wide variety of projects con-
cerning military systems and electro-
nics. He is presently the Chief Analyst 
(mathematical) with the De Havilland 
Special Products Division at Downs-
view, Ontario. 

74 



bookcase 

theorem for the dependence of the roots of an equation on its 
coefficients, which leads to the theory of the so-called D-partition 
boundary, a mathematical device much used in the remainder of the 
book. Approximate methods of solution for low order equations, and 
an interesting discussion of the effect of small parameters on system 
performance, conclude the section devoted to pure linear theory. 
Subsequent chapters dealing with the synthesis and methods of improving 
the stability of servo systems contain useful information, but require 
careful reading. 

Considering the attention apparently devoted in Russia to the theory 
of non-linear servomechanisms, the relevant section of the book is at 
first reading somewhat disappointing. Much that is presented therein 
is covered by other texts, and the standard of presentation varies from 
lucid explanation in some areas to extended mathematical development 
in which it is difficult to keep track of the objective in others. The 
equivalent of the z-transform is used for the analysis of intermittent 
systems, and the standard phase-plane method is developed in the 
normal fashion. An extension of the mathematics of this method proves 
interesting, but lacks examples to aid intuitive understanding. The 
concluding chapter deals with analysis based on the first harmonic of 
system response. In general, the impression is gained that the treatment 
of non-linear problems is barely up to the standard of the remainder 
of the text. Although the fault is common to the entire book, the 
lack of worked examples is particularly felt in the later chapters of 
the work. 

Perhaps good advice to the intending reader would be to read the 
book rapidly first, making notes on the conclusions reached by the 
author, in order to avoid frustration when the book Is read with serious 
intent. A large Russian bibliography and a short list of books in 
English is included. 

Feature review by Ernest Siddall 

"Systems: Research and Design" edited by Donald P. Eckman. 
Published by John Wiley and Sons, Inc. 440 Park Avenue South, 
New York 16, N.Y. 308 pages, Price: $8.50 ( U.S.) 

This publication comprises a banquet address and 12 papers given 
at the First Systems Symposium at the Case Institute of Technology in 
April 1960. 

As was perhaps unavoidable, it is a miscellany, and the contrasts 
are more apparent than the theme. 

Some parts are on a high philosophical plane and exemplify the 
basic thinking which is overdue in the present technological explosion. 
At the other extreme, several pages are devoted to pneumatic control 
hardware. In between, there are analyses of systems of various types, 
discussions of operational research into systems and some contributions 
to control theory and practice. 

Chapter 4 is marred by a frightening military discussion of the 
international political problem. 

This book contains some thought provoking material but covers 
too wide a field too thinly. 

Ernest Siddall — Born and educated 
in Britain. B.Sc. (Engineering) of 
London University 1939. British Royal 
Corps of Signals to rank of Major, 
1940-1946 (mostly bomb blast instru-
mentation) until 1951. Atomic Energy 
of Canada (nuclear reactor control 
and instrumentation) 1954 until pre-
sent date. Member of Canadian Gov-
ernment Associate Committee on 
Automatic Control. 

Letters 
to the editor 
We get around 
Dear Sir: 
I thought you would be interested 

in hearing that we recently received 
an enquiry from Athens, Greece, and 
they mentioned that they had taken 
our address out of Electronics and 
Communications. It certainly is nice 
to see this type of distribution. 

Yours truly, 
M. Binions, 
Sales Manager, 
Collins Radio Co. of 
Canada Ltd. 

Dear Sir: 
I hereby wish to express my sincere 

appreciation and thanks for your 
attention in having me receive Elec-
tronics and Communications. I assure 
you that I enjoy reading every copy... 

Yours sincerely, 
Guillermo Hernandez 

Sagarra, 
Rear Admiral, 
Mexican Navy. 

Dear Sir: 
Would you please forward to the 

above address a reprint of the article 
"Engineers' File Page No. 1" and suc-
cessive numbers as they become avail-
able. Sorry I am rather late in apply-
ing for this reprint but unfortunately 
I am at the end of a long circulation 
list. 

Yours faithfully, 
A. Prime, 
Research Laboratory, 
Amalgamated Wireless 

(Australasia) Ltd., 
Ashfield, Australia. 

emommeememememememememe 
Answers to problems! 

How often have you pon-
t dered over a technical problem 

only to have someone else, usu-
ally an outsider, with a different 
slant, point out a good solution? 

ed We believe this happens every 
Il day in our industry and have 

decided therefore to provide 
space in Electronics and Com-
munications for readers' prob-
lems and solutions. 
To take advantage of this new 

service, send problem state-
ments along to the Editor for 
publication . . . a code number 
will be used thus keeping the 
name and address of the sender 
confidential. 
Readers are invited to submit 

answers to the problems and 
full acknowledgment will be 
given for all solutions published. 
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POSITIONS REQUIRED 

opportunities 

These classified advertisements are published to assist those in the 

trade who have articles for sale, positions available, positions desired, 
sales agency openings or business opportunities. Charges are 25c 

per word or figure, not including heading or box number. Minimum 
charge is $5.00 payable on submission. No agency commission paid. 
There is absolutely NO CHARGE for "positions desired" advts. 

Send all material to the attention of the Classified Editor of 
ELECTRONICS AND COMMUNICATIONS, 450 Alliance Ave., Toronto 9, 
Ontario. 

X., ..memeeeemeemeeuenmee 

HELP WANTED 

PROCESS ENGINEER 
required for Canada's largest cathode ray 
and picture tube manufacturer, to work on 
processes involved with tube finishing 
operations. 
We would be interested in applicants who 
are graduates in mechanical or electrical 
engineering or equivalent. 
Attractive salary program and many em-
ployee benefits. 
Apply: 

Canadian General Electric Co. 
189 Dufferin Street, Toronto, Ontario 

LE. 4-6311 

ELECTRICAL ENGINEER 
Graduate engineer with at least 5 years 
experience in the design of power rectifier 
equipment for battery-charging and various 
industrial applications. Must have knowl-
edge of automatic voltage/current control 
by magnetic amplifiers and solid-state 
devices. 
This is a permanent staff position with a 
progressive, fully Canadian company. Apply 
in writing to: 

R. H. Nichols Co. Ltd. 
P.O. Box 500, Downsview, Ontario 

SENIOR LIAISON ENGINEER 
We have an attractive vacancy for a mature 
man with a broad Electronics background 
preferably in the Aircraft Navigation field. 
While a great deal of time may be spent 
at our head office in Toronto, this position 
naturally involves a certain amount of 
travelling and the ability to meet and deal 
diplomatically with senior personnel is a 
most important requirement. 
This is a permanent position with an attrac-
tive salary commensurate with experiehce. 
Please send complete resumé to 

Box 5095 
Electronics and Communications 

450 Alliance Avenue, Toronto 9, Ontario 

TELEVISION AND MEDICAL 
ELECTRONICS 

Applicants must have a Bachelor's Degree 
or equivalent in experience and training. 
Interview will be arranged promptly and 
treated confidentially. Please send resumé 
outlining education and experience plus 
salary objective. 

X-Ray and Radium Ltd. 
1400 Don Mills Road, Don Mills, Ontario 

HELP WANTED 

INTERESTING AND CHALLENGING 
CAREERS ARE OPEN IN OUR 
SPECIAL PRODUCTS DIVISION 

SENIOR AND INTERMEDIATE 
ELECTRONICS ENGINEERS 

With several years experience in develop-
ing magnetic amplifiers, logic circuits, solid 
state power control and conversion circuits. 
RELIABILITY AND TEST ENGINEERS 

With several years appropriate experience, 
preferably in electronics defense work, for 
environmental testing and proving reliability. 

SYSTEMS ENGINEER 
With several years experience in system 
analysis of complex electronic circuits. A 
knowledge of optics and program planning 
desirable. 

JUNIOR AND INTERMEDIATE 
ENGINEERING PHYSICISTS 

With experience in infra-red technology, 
optical system design and development of 
allied fields. 
Please apply in writing, giving full parti-
culars of experience and training to: 

D. C. MacLean 
Personnel Supervisor 

De Havilland Aircraft of Canada Ltd., 
Downsview, Ontario 

COMMUNICATIONS 
ENGINEERS 
required for 

BRITISH COLUMBIA 
LENKURT ELECTRIC CO. 

OF CANADA, LTD. 
With expanding engineer, furnish and in-
stall services, offers excellent opportunities 
to equipment and field engineers; both 
positions will afford an opportunity for 
travel and office engineering assignments. 
Qualification requirements are as follows — 

EQUIPMENT ENGINEER 
A degree in electrical engineering or the 
equivalent plus 3 years of practical experi-
ence as a telephone equipment engineer 
with a good background in carrier and 
radio. 
FIELD ENGINEER 
A degree in electrical engineering or the 
equivalent plus 3 years of practical experi-
ence in line-up of microwave radio and 
carrier systems. A good knowledge of 
microwave and VHF radio is required. 
Complete details of previous experience, 
including salary expected, should be mailed 
immediately and will be handled in strictest 
confidence. 
Direct inquiries to: 

W. O. Clement, Personnel Mgr. 
Lenkurt Electric Co. of Canada Ltd. 

7018 Lougheed Highway 
North Burnaby P.O., Vancouver, B.C. 

RESEARCH PHYSICIST 

Research Physicist with Ph.D. In Physics of 
thin metallic films and with post-doctoral 
experience in electronic circuit techniques, 
desires position in industry to carry 
research in thin film solid state devices. 
Three research papers have been published. 

Box 5097 
Electronics and Communications 

450 Alliance Avenue, Toronto 9, Ontario 

ELECTRONIC TECHNICIAN 

Electronic Technician 3 (APEO) Card #535_, 
39 years old, RCAF AEC, Dewline, BMEWS 
experience. Tropo, telephone, and ground 
communications, nuclear instrumentation, 
VHF, UHF, submarine cable, etc. Member 
of OACETT. CREI student in Nucleonic 
Engineering. Permission to write APEO 
exams. Wishes to obtain job with avenues 
of advancement. 

Box 5098 
Electronics and Communications 

450 Alliance Avenue, Toronto 9, Ontario 

VANCOUVER — DESIGN/SALES 
Professional engineer with wide electronics 
and communications equipment and systems 
design experience, possessing lab facilities 
and sales background, available for special 
design projects or as manufacturer's sales 
representative. 

Box 5096 
Electronics and Communications 

450 Alliance Avenue, Toronto 9, Ontario 

TECHNICIAN AVAILABLE 
Fully experienced in radio, radio control 
and telephone. Holding patents in Canada 
and United States on fail-safe supervisory 
receivers. Seeks technical position with 
progressive company in Toronto area. 

Box 5099 
Electronics and Communications 

450 Alliance Avenue, Toronto 9, Ontario 

TELECOMMUNICATION TECHNICIAN 

Fully experienced in supervision of installa-
tion and maintenance of teletype and fac-
simile and related equipment. CREI student 
desires position with more future. 

Box 5093 
Electronics and Communications 

450 Alliance Avenue, Toronto 9, Ontario 

HELP WANTED 

ELECTRONICS ENGINEERS 
Required for design and development of 
components and packages for rocket instru-
mentation. Candidates should be graduates 
of a recognized university in Engineering 
Physics or Electronics with 1 to 5 Years 
experience in Instrument Technology, Tele-
communications or associated fields. 
Reply in strict confidence with resumé of 
experience, personal data and salary ex-
pected to: 

Personnel Manager 
Bristol Aero-Industries Limited 
Box 874, Winnipeg 1, Manitoba 

PROCESS ENGINEER 
required for Canada's largest cathode ray 
and picture tube manufacturer. To work 
on processes involved with tube finishing 
operations. We would be interested in 
applicants who are graduates in mechanical 
engineering, electrical engineering or 
equivalent. 
Attractive salary program and many em-
ployee benefis. Apply to: 

Radio Valve Company Limited 
189 Dufferin Street, Toronto 3, Ontario 
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CRTPB newsletter 
Continued from page 10 

In his report Mr. Pounsett under-
lined many of the various committees' 
accomplishments on projects which 
were finalized during the year, men-
tioning particularly the Board's work 
on Specification 136 — the General 
Services Band specification; Broadcast 
Procedure No. 6 on the Standards for 
FM Stereo Broadcasting; and Specifica-
tion 126 on 150 mc/s Split Channel 
Service. 

Executive Committee 
Unanimously Re-Elected 

The delegates re-elected or re-
appointed the complete Executive 
Committee for the 1962 term. Continu-
ing in office for the coming year will 
be the President, F. H. R. Pounsett; 
Vice-President, C. J. Bridgland, Cana-
dian National Telecommunications, To-
ronto; Advisory Technical Coordina-
tor, R. A. Hackbusch, Hackbusch Elec-
tronics Limited, Toronto; Director of 
Public Relations, R. C. Poulter, Radio 
College of Canada, Toronto; Secretary-
Treasurer, F. W. Radcliffe, Electronic 
Industries Association of Canada, To-
ronto; Assistant Secretary-Treasurer, 
Cowan Harris, EIA of Canada, To-
ronto; and Assistant Technical Coordi-
nator, R. T. (Dick) O'Brien, EIA of 
Canada, Toronto. 
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Non- Polarized 
Solid- Electrolyte 

Tantalex Capacitors 
The outstanding characteris-
tics of solid tantalum capaci-
tors are now available in 
non-polar construction. 

CANADIAN 
MANUFACTURING 
REPRESENTATIVE 

SPRAGUE-TCC CANADA, 
Ltd. 

50 Bertal Road 
Toronto 15, Ontario 
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AMPHENOL 
LEADER IN RF COMPONENTS 

- 7-1" 

QUICK-CRIMP TNC 

QUICK-CRIMP BNC 

SUB-MINAX 

SERIES LT LC 

SERIES C 

SERIES BNC 

SERIES N 

SERIES HN 

1. BROAD AVAILABILITY from a single source. All popular 
RF Series. In addition to those above, series UHF, BN, 
Adapters and Specials are also manufactured by AMPHENOL. 

2. SERVICE & ASSISTANCE based on the experience of over 
twenty years of designing and manufacturing RF connectors. 

3. ENGINEERING facilities are the finest of any components 
manufacturer. AMPHENOL has the know-how and the equip-
ment to assist you in "problem areas" and in special designs. 

Write for Catalog D-3 

AMPHENOL CANADA LIMITED 
TORONTO • OTTAWA • MONTREAL • CALGARY 

For complete details check No. 33 
ELECTRONICS AND COMMUNICATIONS, January, 1962 
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IRC 

NEW POWER 
METAL FILM RESISTORS 

Features: 
non-inductive 
metal film stability 
solvent resistant coating 

pioneer in the development of evaporated 
metal film resistors and the world's largest 
producer of these types, now makes available 
a new type of metal film for power resistors 
incorporating inherent stability and ability to 
withstand severe environmental conditions. 

IRC "PPM" resistors are available now for the 
Canadian user in both three and four watt 
sizes. Soon to be manufactured in Canada — 
IRC "PMF" resistor will, because of Its unique 
properties, prove to be the best low power 
resistor available. 

For further detailed information and perform-
ance specifications, write for bulletin P-9. 

(Acted Size) 

RESISTORS 
Division of 

RENFREW ELECTRIC CO. LTD. 
349 Carlaw Ave., Toronto 6, Ontario 

For complete details check No. 21 on handy card, page 69 
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editorial 

The circuit designer 
The circuit designer . . . the reliability engineer . . . the 

systems designer . . . the procurement agent . . . which of these 
specifies the use of electronic components? Dependent upon circum-
stances, one or more of the cited professionals take part in this 
important function but in practically every case the biggest and most 
important say comes from the circuit designer. 

The reliability engineer can feed in failure rates, the systems 
designer can advise on overall system philosophy and the procure-
ment agent can have his say in regard to inventory preferences 
and delivery times, but only rarely can the decision to purchase be 
made without the O.K. of the circuit design engineer. This situation 
is of course quite right and proper and the thought of supplying 
the circuit engineer with components arbitarily selected for his tasks 
in hand is manifestly absurd. Strangely, though, the considerable 
responsibility carried by the circuit engineer in shaping his com-
pany's procurement policies is not always clearly appreciated and a 
greater recognition of his important "purchasing-direction" role by 
the component vending companies could well work to their advan-
tage as well as to his. 

In particular, component data sheets should be as comprehen-
sive as possible in regard to the information supplied . . . any 
omission of a temperature coefficient, input capacitance or other 
less obvious parameter value will probably mean the choice of 
another product line where such data is supplied rather than the 
origination of a letter of enquiry for the missing values. 

Of very great importance is the question of the rapid supply 
of small quantities of components. Personal experience over many 
years has shown that time and time again what gets into the bread-
board or prototype usually comes up in volume when the produc-
tion design is settled. A vendor that cannot supply the ones, twos 
and threes at short notice is potentially throwing away the 100s, 
200s and 300s and maybe even 30,000. 

In summary, in this special Circuit Design issue, we have taken 
the liberty of bringing up two of the biggest beefs that the circuit 
men come up against. We do this however, in a constructive way 
since we firmly believe that a greater rapport between the vendors 
and the designers will increase effectiveness and business all round. 

We close with a salute to our un-sung hero, the circuit designer, 
with the hope that both the component vendors and ourselves can 
help to make his job easier and more effective in the future. 

1R 
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PHILCO ANNOUNCES 

A COMPLETELY NEW FAMILY OF 

PNP SILICON TRANSISTORS 

WITH HIGH VOLTAGE... HIGH BETA 

IN TO-18 PACKAGE * 11 

Produced by the Exclusive New Philco 

Strip Alloying Process 
• " • • t, Dhil• ' • ...... ...... 

rYPE NO. 
It 

_ 

Max. Refine Characteristics 

Ilic.c, Poiss 
Ica° ( 10v) 

MAX. 
IN, (6v, 1ma) 
MIN. MAX. 

fr (6v, 1ma) 
MIN. 

2N858 40v 150 mw 0.1 µa 15 75 5 mc 

2N859 40v 150 0.1 30 120 6 

2111860 25v 150 0.1 15 45 6.5 

2N861 25v 150 0.1 30 100 7.5 

2N862 15v 150 0.1 20 60 8 

2N863 15v 150 0.1 40 120 10 

2N864 6v 150 0.1 (6v) 25 125 16 

9#11165 111v 11.511 0.1 100 350 24 

Completely new to the industry, these Philco Silicon 

Precision Alloy Transistors meet a widespread need 

for medium frequency. high voltage, high beta silicon 

transistors for both switching and amplifying appli-
cations. An exclusive new production technique .. . 

strip alloying ... permits accurate measurement of 
the diode voltage rating and beta of every transistor 
during the manufacturing process. Never before has 
such close control in production been possible. 

The new SPAT family offers low saturation volt-
age and high emitter base diode voltage rating. 

For complete information, write Dept. EDN161. 

Immediately available in 

quantities 1-99 from 

your Philco Industrial 

Semiconductor Distributor 

TRANSISTOR DISTRIBUTORS — TORONTO — Electro Sonic:, 543 Yong?. St. • MONTREAL — Canadian Electrical Supply, 275 Craig St. W. 

ST. JOHN, N.B.—Commercial Equipment Ltd., 12 King St. 



PRESnTI\G HEWLETT 
PACKARD 
(CANADA) LTD 
With pride, Hewlett-Packard announces 

the establishment of Hewlett-Packard 
(Canada) Ltd. as of January 1, 1962. The 

continued growth of the Canadian elec-
tronics industry, plus the increasing usage 
of hp instruments in Canada, has dictated 
this move. 

Hewlett-Packard (Canada) Ltd. is staffed 
by Canadian electronic sales engineers, 
trained for over a year at Hewlett-

Packard's home laboratories and plants. 
Their objective is to give you maximum 
assistance on the application, procurement 
and servicing of hp test instruments. 

Headquarters are in Montreal, with branch 
offices in Toronto and Ottawa and an 
instrument repair station in Montreal. 
Orders or inquiries concerning new pur-
chases of hp equipment should be ad-
dressed to your nearest Hewlett-Packard 
(Canada) Ltd. office after January 1, 1962. 

For your convenience, here are the new 
Hewlett-Packard (Canada) Ltd. offices: 

Montreal: 8270 Mayrard Street, telephone 735-2273 

Toronto: 1415 Lawrence Ave. W., telephone 249-9196 

Ottawa: 1767 Cling Ave., telephone PArkway 2-8162 

is achievement 

in measurement 

HEWLETT 
PACKARD 
COMPANY 

1051 Page Mill Road Palo Alto, California, U.S.A. 
DAvenport 6-7000 

Field representatives in all principal areas 
For complete details check No. 20 on handy card, page 69 


