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BRING 'EM BACK ALIVE! 

L 7 

FIRST 

HIGH-QUALITY ì' 

3-WAY 23L1OO , 

NOW, A COMPLETE LINE OF BUDGET -PRICED WOLVERINE SPEAKERS 

MODEL LS15 L'ig speaker sond at snwll spearer price! Radax 15" (e11- 

range speaker. Response, 35 to 13,000 cps. Power handling capacity, 20 watts. 
Impedance, 8 ohms. Diameter, 15 %, inches. Depth. 6.11/32 inches. Shipping 
weight 12 pounds. Net each $24.50. 

MODEL LS12 Shallow design fits anywhere! Dual -cone 12" full -range 
speaker. Response. 40 to 13,000 cps. Power handling capacity,. 20 watts. 
Impedance, 8 ohms. Diameter, 12' %, inches. Depth 3' %, inches. Shipping 
weight 6 pounds. Net each $19.50. 

MODEL LSB Ideal for hi -fi in every room of your house! Radax 8" full -range 
speaker. Shallow design. Response 55 to 13,000 cps. Power handling capacity, 
20 watts. Impedance, 8 ohms. Diameter, 8% inches. Depth, 3% inches. 
Shipping weight 5 pounds. Net each $18.00. 

HF1 STEP-UP KIT Add sparkling brilliance to LS8, LS12, LS15 or similar 
speakers. Improves response from 3,500 cps to 18,000 cps. Complete with 
crossover -level control, wiring harness, complete instructions. Shipping 
weight 3 pounds. Net each $20.00. 
MF1 STEP -UP KIT Mid -range kit to complete Wolverine three -way sys- 
tem. Improves presence and dispersion from LOCO cps to 3,500 cps. Complete 
with crossover -level control, wiring harness, instructions. Shipping weight 
5 pounds. Net each $25.00. 

IME7 

IW 
s2950 

It takes the most modern facilities in the industry to accom- 
plish this: 

The most spectacular loudspeaker value ever offered- 
a high -quality 3 -way speaker at the cost of a coax! 

And only Electro -Voice has these facilities, plus the produc- 
tion "know -how" ... all under one roof! Every vital process 
from die- making to die -casting, from wire -flattening through 
automatic voice -coil winding, precision grinding, plating and 
polishing, to a completely automated belt assembly is under 
E -V's continuous personal control. 

Introducing the new Wolverine LT12 -the latest addition 
to the famous Wolverine budget -priced line of quality speakers! 

Imagine! A speaker that sounds better than speakers costing 
twice as much. With deep, rich bass and clean, clear treble 
from two cones, coupled by the famous E -V Radax principle. 
Plus smooth, peak -free highs that spread evenly throughout 
the room - without beaming - for outstanding stereo any- 
where in the listening area ... possible only with an E -V 
diffraction -horn compression -type tweeter. 

The impressive list of LTI 2 "high- priced" features also in- 
cludes a new ceramic magnet, plus edgewise -wound voice coil 
for highest efficiency ... rugged die -cast frame to ensure per- 
fect alignment of all moving parts ... "deep- dish" bass cone 
design for higher power handling ... long -throw suspension 
for minimum distortion ... 3- position tonal balance switch 
that matches the LT12 to your acoustics ... and a rich, 
jewel -like precision finish to all vital parts. 

But, .best of all, the LT12 is versatile: mounts in most high 
fidelity speaker enclosures, in the wall, ceiling, or even in a 
closet. And its wide dispersion makes placement far less 
critical than ordinary speakers - even for stereo! 

See and hear the exciting new Wolverine LTI2 at your nearby 
Electro- Voice /Wolverine high fidelity headquarters ... today! 
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SPECIFICATIONS: Frequency response, 40 to 
18,000 cps. Power handling capacity, 20 watts, 

program. Built -in crossover and 3- position 
balance switch. Impedance, 8 ohms. Size, 

12% inches diameter, 6 inches deep. 
Shipping weight 15 pounds. 

Model LTI2 
$29.50 

ELECTRO- VOICE, INC., Consumer Products Division, Buchanan, Michigan 

rhree- position switch 
provides positive control 

of tonal balance 

S".0,1$71.L 
ELECTRO- VOICE, INC.. Dept. 325N 
Buchanan, Michigan 

Please send my free E -V catalog and list of E -V /Wolverine high 
fidelity specialists. 

Name 

Address 

City State 
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Servicemen everywhere are saying: 

ELECTRA brings in sharp 
pictures where other electronic antennas 
It stands to reason that TACO would produce, in 
the T -BIRD ELECTRA, the world's best electronic 
antenna. Only TACO gives you the combination of 
the most rugged, highest-performance antennas 
plus the finest in antenna -mounted transistorized 
preamplifiers (designed by Jerrold).' 

So, with the T -BIRD ELECTRA you assure cus- 
tomer satisfaction, even in severest "problem" 
areas. Rigid chrome -alloy aluminum elements and 

contacts eliminate the antenna "friction noise" 
and "signal flutter" iiherent in some so- called 
"high- gain" antennas. There's a T -BIRD ELECTRA 
for every TV /FM home need, priced from 
$78.60. And it's completely pre -assembled for 
your convenience. 

Only TACO offers custom area-engineering on 
electronic antennas to help you solve any type of 
signal problem. For tiese special services, see 
your TACO distributor. 

'l'he TACO ELECTRA preamplifier is available separately nt ".'117; f r i o With any 

TECHNICAL APPLIANCE CORPORATION 
Distributor Sales Division Dept. JTD- 22,Sherburne, New 'York 

A Subsidiary of Jerrold Electronics Corporation 
ELECTRONICS WORLD Is published monthly by glepaela Publishing t nlpanv at 434 Mouth Wabash Avenue. Chicago a. Ill noi. n t-ript lop r r United State. and 
I' " - " ": u,. ala and l'an American robin countries 415.511; all cuter foreign countries 9u.ma. Second l'I :a., postage paid 1v tIncago, Illinois inn' 

at additional mailing ,tlirt.. Authoristtl as .t,ounl class mall by tile l'ont Office Department. Ottawa. t'ana,la ami for tpa)'Intnt of pottage In cash. March, 11ä1; Vol. 07, No. S. 

2 ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


MARCH 1962 / VOL. 67 NO. 3 Elect FOÌÌICS Wo i'ld 

CONTENTS 

ti 

Nuhlilrr, 
PHILLIP T. HEFFERNAN 

Edil,,, 
WM. A. STOCKLIN, B. S. 

Ter lr tr i, -n! Ed i t,,, 
MILTON S. SNITZER, W2QYI 

i t, r lidilr 
SIDNEY C. SILVER 

Adsariale F.dih 
P. B. HOEFER 

Edit," in/ (on,uNnnt 
OLIVER READ, D.Sc.,W4TWV 

lndurt,inl (:u,nul;,,nt 
WALTER H. BUCHSBAUM 

.Itl Editor 
MILTON BERWIN 

.1,1 and l)rnllini: l)rl,t. 
J. A. GOLANEK 

Advertising Sales Manage, 
LAWRENCE SPORN 

Advertir,,, .Crrvir e .Vanal!et 
ARDYS C. MORAN 

ti;F 

.srA 
<5` 

47FiG 
Cpít 

ZIFF -DAVIS PUBLISHING COMPANY 
Editorial and Executive Office 
Ore Park Avenue 
New York 16. New York 
ORegon 9.7200 

MIDWESTERN and CIRCULATION 
OFFICE 

434 South Wabash Avenue 
Chicago 5, Illinois 
WAbash 24911 
Midwestern Advertising Manager 
Gilbert J. Jorgenson 

WESTERN OFFICE 
9025 Wilshire Boulevard 
Beverly Hills, Colitornio 
CReslview 4.0265 
We,tern Advertising Manager 
Burl Dean 

FOREIGN ADVERTISING 
REPRESENTATIVE 

D. A. Goodall Lid., London, England 

INDUSTRIAL 
Electronic Sales to Reach $10.8 -Billion in 1962 (Editorial) W. A. Stocklin 6 
The Technician: His Role in Industry G. L. McClamrock 25 
Cover Story 26 
Recent Developments in Electronics 34 
Solid -State Optical Maser Operates Continuously 36 
Transistor Storage Effect Donald E. McGuire 48 
Portable Solid -State Laser 60 
Transistor Power Ratings & Heat Transfer D. F. Jones 66 
Grid Board Used to Build a Decade Counter J. G. Curtis 77 
U.S. Electronic Exports Rise in 1961 89 

TEST EQUIPMENT 
Product Test Report (Lafayette Model TE -20 Signal Generator) EW Lab Tested 20 
Value Checker for Electrolytics A. A. Mangieri 42 
A 50 -Volt Transistorized Megohmmeter Dale Hileman 45 
Versatile Electronic Switch C. E. Miller 50 
Improved Resistance Thermometer Bridge 75 
Voltmeter Field- Strength Adapter James E. Frederick, Jr. 92 
Simple Voltage Control Circuit 104 

HI -FI AND AUDIO 
Product Test Report (H. H. Scott Model S -3 Speaker System, Superex Model 

ST -M Stereo Phones, CBS Laboratories STR -100 Stereo Test Record) EW 
Lab Tested 14 

Transistorized FM- Multiplex Stereo Adapter Larry Blaser 31 
Simple Tape Recorder Repairs Wolter H. Buchsbaum 37 
A Transistorized TV Compensator Ronald H. Wagner 64 
Phase Distortion in FM Multiplex Robert F. Hooper 68 
High- Precision Sound -Speed Measurements 94 

GENERAL 
Voltage- Conversion Nomogram Donald Moffat 30 
Britain's New Radiotelescopes Patrick Halliday 40 
New Westinghouse TV Circuits 56 
Salvaging Salt -Watered Radios M. G. Mastin 63 
Transistorized Metal Locator W. E. Osborne 86 

COMMUNICATIONS 
Private Radio Signaling Lee Craig 28 
ORM Eliminator for Communications Receivers A. W. Crowell 52 
WWV Frequencies Changed Slightly 71 
Signal -Strength Meter for CB Fred Berhley, 2W3640 80 

MONTHLY FEATURES 
Letters from Our Readers 10 
Mac's Electronics Service John T. Frye 44 
Resistor Crosswords Luther A. Gotwald, Jr. 69 
Calendar of Events 72 
Technical Books 74 
Service Industry News 90 
Within the Industry 98 
New Products and Literature for Electronics Technicians 107 

(For Information on Next Month's Features, see page 4) 
March, 1962 3 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


AT LAST... 

ONE 
STEREO TEST RECORD 

THAT DOES IT ALL! 

4 

Developed by CBS Laboratories, the 
STR -100 is designed to test all types of 
stereo equipment. This record achieves a 

new standard of perfection in audio en- 

gineering. 

Never before has one record contained 
exacting tests for: 

Tone arm resonance 

Compliance 

Tracking and stylus wear 

Continuous sweep from 40 to 
20,000 cycles,with separate bands 
for left and right channels 

Spot frequency tones from 20 to 

20,000 cycles, with verbal an- 
nouncements that eliminate guess- 
ing at frequencies or referring to 
printed notes. 

Two sets of liner notes provide an ad- 

ditional, unique feature- interesting and 

understandable to both the professional 
and the audiophile. 

STR -100 has long been needed. It will 
no doubt become the norm for the entire 
industry. Look for the STR -100 at your 
favorite record store. If you cannot find 
a copy in your locality, just fill in the 

coupon below and you will be advised 
where it may be purchased. 
Suggested retail price is $8.50. 

Columbia Records, Dept. EHM, 

799 7th Avenue, New York 19, N.Y. 

Name 

Street 

City 

Phone No. 

COLUMBIA 

Zone State 

RECORDS 
"COEUMBIA ".®MARCAS REG. PRINTED IN U S.A. 

COMING 
NEXT MONTH 
ELECTRIC ENGINES FOR OUTER SPACE 
Space engines using high -speed ion 
beams and plasma jets will provide the 
necessary thrust for travel between 
planets. These engines are about to be 
tested in actual flight. Here is how they 
work and what can be expected from 
them. 

REVERBERATION IN AUDIO REPRODUCTION 
What is reverberation and live impor- 
tant is it in obtaining realistic hi-fi re- 
production? The author covers design 
and operation of various reverb devices 
used with both professional and home- 
entertainment equipment. 

TRANSISTORIZED TRANSMITTER 
FOR CAMPUS STATIONS 
,11ore and more colleges are installing 
their own broadcasting stations. Here are 
details on a micro -power transmitter 
that needs no license and can eliminate 
many of the headaches of bigger and 
more elaborate installations. 

DYNAMIC TESTS WITH A SERVICE SCOPE 
The oscilloscope's blanking pulse, exter- 
nally applied to a resonant circuit, dis- 
plays component condition visually. This 
provides quick, positive testing for many 
radio and TV inductors. 

I:IerI rirnil 11 rIi R 

DYNAMIC TRANSISTOR BRIDGE 
Input impedance and beta of several 
transistors bearing the saine type num- 
ber may vary considerably from nominal 
values yet these factors can affect stage 
gain. This article covers the design and 
construction of a bridge for determining 
these parameters with an a.c. test signal 
and permits selection of transistors for 
best in- circuit performance. 

TROUBLESHOOTING 
TRANSISTORIZED DIGITAL CIRCUITS 
The printed, plug -in cards and standard- 
ized circuits make specific techniques 
possible for locating defects. The author 
goes through common digital configura- 
tions with step -by -step checks and read- 
ings mused to isolate breakdowns. 

RC EQUALIZATION CURVES 
An accurate graphic method, for the 
audio technician, of charting any equal- 
ization curve. The method is described 
in detail with examples of the technique 
worked out. 

All these and many more interesting and 
informative articles will be yours in the 
April issue of ELECTRONICS 
WORLD ...on sale 

March 22nd 

William Ziff 
President 

ZIFF -DAVIS PUBLISHING COMPANY 
William B. Ziff 

Chairman of the Board (1946 -19:13) 

M. T. Birmingham, Jr. 
Vice President and Treasurer 
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How to get a 

Commercial 

FCC License 

EFFECTIVE 

JOB FINDING 

SERVICE HELPS CIRE 

TRAINEES GET 

BETTER JOBS 

EXCLUSIVE 
TECHNICIAN 
TRAINING PROGRAM 
IN COMPUTERS, 

SERVO MECHANISMS, 
MAGNETIC AMPLIFIERS 

and others. 

I 

To Get An 
FCC Commercial 

License 

Completion of the Master Course 
(both Sections) will prepare you 
for a First Class Commercial 
Radio Telephone License with a 
Radar Endorsement. Should you 
fail to pass the FCC examination 
for this license after successfully 
completing the Master Course, 
you will receive a full refund of 
all tuition payments. This guar- 
antee is valid for the entire pe- 
riod of your enrollment agree- 
ment. 

"License and $25 raise due to Cleveland Institute Training" 
"I sat for and passed the FCC exam for my second class license. This meant a promotion to Senior 
Radio Technician with the Wyoming Highway Department. a $25 a month raise and a District of my 
own for all maintenance on the State's two -way communication system. I wish to sincerely thank you 
and the school for the wonderful radio knowledge you have passed on to me. I highly recommend the 
school to all acquaintances who might possibly be interested in radio. I am truly convinced I could 
never have passed the FCC exam without your wonderful help and consideration for anyone wishing 
to help themselves." 

CHARLES C. ROBERSON 
Cheyenne, Wyoming 

Employers Make Job Offers Like These 

I To Our Graduates Every Month 
Broome., st Station in Illinois: N'e are In need of an VOCI neer with a line 
lo,. phot. - 

tiue .Nliruur:Orlye It iuitenl 
of Cleveland Insulate of Electronic,. 

West Coast Manufacturer: 'We currently In r e,l oft seule Ivetrooi, training r sperlenre In radar ''i,aln.'n Ace. We wound 
man 

m n 
/errai of 'inlr rr.lr.,l iu.rr.n, in u . 

Get All 3 Booklets 

Free 
a successful plan lot .. 
Electronics Training 

GET THIS HANDY POCKET ELECTRONICS DATA GUIDE 

Free . 
Puts all the commonly used conversion factors, for- 
mulas. tables. and color codes at your fingertips. Yours 
Absolutely free if you mail the coupon today. No further 
ubli gati on, 

TO GET THIS FREE GIFT, MAIL COUPON TODAY! 

Opportunities 
in 

Electronics 
lot You 

Act Now 
CLEVELAND INSTITUTE OF ELECTRONICS 

RN.63A 1776 E. 17th St. Cleveland 14, Ohio 

March, 1962 

find out how 
I. ,ou r S1'vr.ur llv..I e.luratloa is 

H. lu higher' t.ilar. and hnportant Jabs In the 
.or lug 11.1,1 of electronic.. 

2. l'nu can naive the problem. that stump nitrer tech. 
nlrl:rn.. Problems la electronics are t' becoming r 

plex. lour 81,lllly to tolse problems w'lll help') u gernt 

ahead In sour field. 
3. you r n handle n electronic devices. Every day. 
.vlv: heltrg a l.. in ele,trorrl.s. Only through 
education 'r nd out how' to keep up with these 
etelnln,nts and Il'rsv to use the now des lees. 

Sorry -Not For Beginners 
Please inquire only if you really want to get 
ahead and to add to what you have already 
learned in school, in the service, or on the 
job. Some previous schooling or experience 
in electronics, electricity, or related fields is 
necessary for success in Cleveland Institute 
programs. 

slo 

Successful 
Electronics 

Training 

Accredited by the 
National Home 
Study Council 

Cleveland Institute of Electronics 
1776 E. 17th St. Desk RN -63A Cleveland 14, Ohio 

Please send FREE Career Information Material prepared to help me get 
ahead in Electronics. 

Military ] Amateur Radio -] Telephone Company 
' Radio -TV Servicing Broadcasting ] Other 
1 Manufacturing Home Experimenting 

In what kind of work are you now engaged? 

In what branch of Electronics are you interested? 

Name Age Address 

City Zone State 
RN-63A 

0'N 

5 
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.1t11, i re, 

y1!J1 Utah's 
famous micro -gap 

replacement 
SPEAKERS 

Better response - better sound 
reproduction than original equip- 
ment! Better customer response, 
too, when you install Utah Micro - 
Gap replacement speakers. Sin- 
gle- packed in custom -fitted car- 
tons. Illustrated above: 

SP69NF 6x9" Oval Inverted 
Auto Speaker B SP12J 12" Round 
Speaker 0 SP4A 4" Square Out- 
door Speaker D SP69G 6x9" Oval 
Auto Speaker © SP8NF 71/2" In- 
verted Pin Cushion Speaker. 

Write for illustrated literature 

it/Rh 
ELECTRONICS CORP 

M U N T I N G T O N , I N D I A N A 

... for the Record 
By W. A. STOCKLIN 

Editor 

ELECTRONIC SALES TO REACH $10.8-BILLION IN 1962 

DESPITE keen competition among 
producers of electronic equipment 

and a serious shakeout in the pricing 
structure, particularly evident in the 
semiconductor area, the electronic in- 
dustry has passed all previous records 
with factory sales reaching $10.15 -bil- 
lion for 1961. This is a growth of 4.1% 
over the previous year. 

This increase was achieved almost 
entirely because of continued expan- 
sion of military and industrial markets 
which together accounted for 71'; of 
total sales. Consumer- products sales 
declined 4.7'; from $2.1- billion to $2- 
billion while replacement- component 
sales showed an increase of 5.6% from 
$.9- billion to $.95- billion. Industrial 
products increased 8.6'; from $1.75 - 
billion to $1.9- billion. Military -product 
sales increased 6%. from $5- billion to 
$5.3-billion. 

According to Mr. L. Davis, President 
of the Electronics Industry Association, 
it is reasonable to assume that a larger 
gain in total electronics output will be 
forthcoming in 1962 with present pre- 
dictions estimating an increase of 6.4'; 
over 1961. Sales in 1962 should be stim- 
ulated by the ever -increasing need for 
more advanced weapon systems, ex- 
panding space and missile programs. a 
continuing rise in plant modernization 
and automation, and increasing con- 
sumer spendable incomes. In the indus- 
trial electronics field, sales are expected 
to increase throughout the next decade 
with computing and data- processing 
systems. testing equipment, microwave 
apparatus, and navigational aids hold- 
ing predominant positions. 

Despite serious price- cutting in tran- 
sistor items, the semiconductor industry 
showed a remarkable gain in units sold. 
For the first 9 months of 1961, the in- 
dustry sold 136,490.332 transistors, 
which is an increase of 51% over the 
90,263,352 units sold for the same period 
in 1960. Dollar sales did not reflect this 
spectacular increase since sales only in- 
creased 2.2'; from $222.198,961 to $227,- 
002,035 for the first 9 months of 1961. 
However, with new semiconductor de- 
vices emerging. such as solar cells. 
infrared sensors, thermoelectric, and 
similar components, the over -all semi- 
conductor industry is without a doubt 
a growth area. 

Raymond W. Saxer, Vice -President, 
Marketing, RCA Sales Corporation, re- 
cently predicted that the domestic radio 
industry will sell 12 million home sets 
in 1962. breaking all records for pre- 
vious years. The peak home radio year 
was 1947 when 17,360,000 sets were sold. 
Sales dipped to just under 13 million in 

1948, anti then fell below the 10 million 
mark until 1960 when 10,705,000 re- 
ceivers were sold. Although figures are 
not available as yet, 1961 sales are ex- 
pected to surpass the 1960 level. 

Panelists at a recent seminar spon- 
sored by the EIA's military marketing 
data committee look forward to an im- 
pressive increase in the sales of radar 
equipment. Their predictions are that: 
heavy surface radar sales will increase 
from a current level of about $500 - 
million to $775 -million in 1970; radar 
for manned aircraft and drone sales 
will increase from about $127- million at 
present to $215.4 -million in 1970; and 
shipboard radar sales will increase from 
$110 -million in 1961 to $150- million in 
1970. 

Walter \V. Slocum, President of In- 
ternational Resistance Company, re- 
cently pointed out that the electronics 
industry enters 1962 far more optimis- 
tically than it did in 1961. Although the 
industrial activity was declining a year 
ago at this time. the economy is now 
continuing to gain ground after turning 
upward around mid -year, and he looks 
for 1962 to show continued improve- 
ment barring any serious unforeseen 
foreign development. 

Although foreign trade is vital to the 
well -being of the United States' elec- 
tronics industry, he did point out that 
a segment of our industry today faces 
a very real threat from imports from 
low -wage countries. Mr. Slocum went 
on to say. "These imports were tiny, in- 
significant clouds on the horizon hack 
in 1955; but today they have become 
ominous for many firms, and particu- 
larly for the small ones whose lack of 
diversified lines makes it difficult for 
them to ride out extended spells of 
rough weather. In 1955, for instance. 
the value of Japanese radio imports into 
the United States totaled little more 
than $230.000. By the end of 1960. that 
little white cloud had billowed into a 
startling $70- million. The figure has 
continued to grow rapidly since then 
until today more than 60'; of transistor 
portable radios sold in the United States 
are Japanese." 

Like in any industry. there are always 
a few turbulent conditions to overcome 
but, in viewing the electronics industry 
as a whole, all signs point to not only a 
prosperous 1962 but a progressive fu- 
ture. For technicians, engineers, and 
scientists employed in electronics, the 
future looks bright. and there is still 
a great need for qualified personnel - 
men who are sincere in their work. 
loyal to their companies. and techni- 
cally qualified. 

6 ELECTRONICS WORLD 
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UPGRADE YOUR INCOME 
through Grantham Training 

Get 
Your First Class Commercial 

F.C.C. LICENSE 
QUICKLY ! 

WHICH COURSE TO TAKE? 

HERE ARE FIVE RULES to guide you 
in selecting the course of training that is best suited to 

YOUR PERSONAL NEEDS: 

IT MUST teach you the theory of electronics. WHAT 
good is a course if it doesn't really "MAKE ELEC- 
TRONICS YOURS," to use for your personal advance- 
ment? Select a course that you can understand ... one 
that reveals to you the basic, underlying principles of 
electronics. 

IT MUST be one that can be completed successfully 
in a matter of WEEKS, not a course that goes on and 
on! Time is worth money. Every extra week which a 
"long course" may require is money out of your 
pocket! It costs more than tuition ... it costs you real 
dollars! Let nothing delay YOU in preparing for your 
FCC license. Select a school that values YOUR TIME! 

V IT MUST be reasonable in cost! The best test of the 
true worth of a product or service is in WHAT YOU 
GET FOR YOUR MONEY. Select a course that is 
sufficiently reasonable in cost so that you know you 
won't have to drop out before you complete it! Select 
a school with conservative tuition fees - but, be sure it 
does something for you. 

IT MUST gain recognition for you. Don't be satisfied 
with the mere promise of some sort of diploma! Be 
sure the course will qualify you for a nationally recog- 
nized measure of electronics knowledge -a FIRST 
CLASS Commercial FCC License. Remember: This is 
a U.S. Government license. No school can issue it. 
nor promise it to you! Select a school whose graduates 
consistently PASS the FCC exams. 

IT MUST be a mature course of training ... for mature 
men ... not a mere "memory" course or one in which 
you are expected to cram your way through by "brute 
force." IT MUST not be one that leaves you "on your 
own." Select a school that affords you personalized 
instruction. Select a course from a school that reflects 
maturity, dignity, and integrity. 

Grantham Schools 
LOS ANGELES SEATTLE KANSAS CITY WASHINGTON 

CORRESPONDENCE OR RESIDENCE CLASSES 

Grantham training is available by correspondence or in resi- 
dent classes. Either way, you are trained quickly and well. Write, 
or mail the coupon for details. 

ACCREDITED BY THE NATIONAL HOME STUDY COUNCIL 

March, 1962 

YOUR TIME 

IS 

WORTH 

MONEY! 

IS GRANTHAM TRAINING FOR YOU? 

HERE ARE FIVE FEATURES OF GRANTHAM TRAINING 
... check them off ...see if this is the course for you. 

CHECK THESE FEATURES: 

Grantham teaches the theory of electronics. Every basic 
concept of electronics fundamentals is covered in the 
Grantham course ... whether you take it in resident 
classes or by home study. Grantham training "makes 
electronics yours." 

0 You can get your First Class FCC license IN ONLY 12 
WEEKS in Grantham resident classes (or, in a corres- 
pondingly short time in the Grantham home -study 
program). THINK OF IT! A commercial U.S. Govern- 
ment license ... PROOF OF YOUR qualifications in 
meeting these U. S. Government requirements as an 
electronics communications technician ... a nationally 
recognized certificate. By preparing you for this license 
in only 12 WEEKS, Grantham conserves YOUR TIME! 
Grantham Schools' tuition rates are low, yet the instruc- 
tional service is not equalled by many of the most 
expensive schools! Grantham can do this because of 
highly efficient instructional methods and because 
Grantham has a sincere desire to out -do all others in 
service rendered per tuition -dollar. Grantham has estab- 
lished reasonable tuition rates. And, the percentage of 
students who successfully complete the Grantham course 
-and who get their FCC licenses -is one of the highest 
in the nation. 

nYOU GAIN RESPECT by showing your Grantham 
diploma, once you earn it. YOU GAIN RESPECT by 
showing and posting your First Class FCC License - 
a nationally recognized certification of your electronics 
knowledge. Many companies which employ industrial 
electronics technicians require them to have this license. 
YOU CAN GET IT IN ONLY 12 WEEKS. Let 
Grantham show you how! 
Mature men select Grantham Schools for electronics 
training. (The average age of Grantham Students is 
28.8 years.) MATURE MEN want a definite objective 
(not a pot of gold at the end of the rainbow). Grantham 
training has this specific objective: To prepare you for 
your First Class FCC license and greater earning capa- 
bility. The Grantham Course is for mature men who 
know what they want. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

TO: GRANTHAM SCHOOLS, INC. 
NATIONAL HEADQUARTERS OFFICE 
1505 N. Western Ave., Hollywood 27, Calif. 26 -C 

Please send me full details on the course indicated below. 
I understand that there is no obligation and no salesman will call. 

NAME 

ADDRESS 

CITY 

AGE 

STATE 

I am interested in: O Home Study Resident Classes 
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TVL TWIST -LOKO 
CAPACITORS 

These'lytics take on the toughest 

TV and radio duty, give maxi- 

mum trouble -free service, without 

HUMAMA1! They are dependable 

at extremely high and low tem- 

peratures. Cathodes are etched 

to meet the needs of high ripple 

currents, high surge voltages. 

TVA ATOM 
CAPACITORS 

Atom tubulars are service favor- 
ites because they fit anywhere, 
work anywhere. They're the only 
small size 85 C (185 F) capaci- 
tors in ratings up to 450 WVDC. 
They have low leakage current, 
long shelf life, and withstand 
high ripple currents, high surge 
voltages. 

VL VERTI- LYTIC* 
CAPACITORS 

These single -ended molded tu- 
bulars are the ideal replacement 
for units of this type found on 
printed wiring boards. 
Keyed terminals assure fast man- 
ual mounting and correct polar- 
ity. Resin end fill protects against 
drying of electrolyte or entrance 
of external moisture. 

w 

PC 
CAPACITORS 

The printed circuit version of 

the Twist -Lok. Universal 
air- 

replaces any 
of the printed 

'lytics in use today. No 

makeshift mounting adapters 
d extra 

damage capacitor 
height ... no possibility of high 

resistance contacts. 

TE LITTL- I.YTIC® CAPACITORS 
The very best ultra- miniature 

re- 
placements 

for transistorcir offering 
through g unusual reliabcuits, gh all -welded construction. l i t. No pressure 

or intermittent 
circuits. 

cause Long shelf life_ circuits, 
portant in extremely 

im. sets used 
y part of 

the year, only 

EVERY 'LYTIC 
OU NEED.., 

every valu 
every rating 
every style 

Shown here are the more popular of Sprague's big family 
of Electrolytic Capacitors, the broadest in the industry. 
Other types include Metal- encased Screwbase; Plastic - 
encased High -MF; Metal- encased Octal -base; Ultra -low 
leakage Photoflash. All are listed and described in Sprague's 
NEW Catalog C -614. Get your copy from any Sprague 
distributor, or write Sprague Products Company, 51 Marshall 
Street, North Adams, Massachusetts. 

'TRADEMARK SPRAGUE® 
THE MARK OF RELIABILITY 

WORLD'S LARGEST CAPACITOR MANUFACTURER 

8 ELECTRONICS WORLD 
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CET YOUR ELECTRONICS -TV -RADIO 

HOME TRAINING FROM N.T.S. RESIDENT SCHOOL 
BREAK THROUGH 

TO HIGHER PAY, 

GREATER JOB SECURITY 

START NOW! Break through 
the Earning Barrier that stops 
"half- trained" men. N.T.S. 
"All- Phase" Training prepares 
you ... at home in spare time .. . 

for a high -paying CAREER as a 

Over 1 City Block of Modern School 
Facilities, Laboratories and 

Shops Housing Over 
1,000 Students. 

50,000 Graduates - 
all over the World - 

since 1905 MASTER TECHNICIAN in Electronics - TV - Radio. One Master Course 
at One Low Tuition trains you 
for unlimited opportunities in All 
Phases: Servicing, Communications, 
Preparation for F.C.C. License, 
Broadcasting, Manufacturing, 
Automation, Radar and Micro -Waves, 
Missile and Rocket Projects. 
A MORE REWARDING JOB ... a 

secure future ... a richer, fuller life 
can be yours! As an N.T.S. 
MASTER TECHNICIAN you can 
go straight to the top in 
industry ... or open your 
own profitable business. 

NATIONAL TÉÇHH ICAL SCHOOLS 
NORLD N DE 'RAINING SINCE '505 

THE SCHOOL BEHIND YOUR 
HOME -STUDY TRAINING 

BETTER 

...MORE COMPLETE 

...LOWER COST 

...WITH NATIONAL 

SCHOOLS' SHOP-METHOD 

HOME TRAINING! 

pi"- BETTER 
. Training that is proved and 

tested in N.T.S. Resident School 
shops and laboratories, by a 

School that is the OLDEST and 
LARGEST of its kind in the world. 

NW' MORE COMPLETE 
. You learn ALL PHASES OF 

Television - Radio - Electronics. 

go' LOWER COST 
... Other schools make several 

courses out of the material in our 
ONE MASTER COURSE ... and 

you pay more for less 
training than you get in 

our course at 
ONE LOW TUITION! 

.9 

4 

19 BIG KITS YOURS TO KEEP 

In these modern School Headquarters 
your Home Training is: 

Classroom- Developed, Lab -Studio 
Planned, Shop -Tested, 

Industry- Approved, 
Home Study- Designed. 

Friendly Instruction and 
Guidance 
Graduate Advisory Service 
Unlimited Consultation 
Diploma Recognized 
by Industry 

EVERYTHING YOU 
NEED FOR SUCCESS 

N.T.S. IS NOT JUST A 
MAILING ADDRESS ON A COUPON 
N.T.S. is a real school ... a world famous 

training center since 1905. Thousands of men 
from all over the world come to train in our shops, 

labs, studios and classrooms. 
You learn quickly and easily the N.T.S. Shop- Tested 

way. You get lessons, manuals, job projects, personal 
consultation from instructors as you progress. You build a 

Short-Wave, Long -Wave Superhet Receiver plus a large screen 
TV set from the ground up with parts we send you at no additional 

cost. You also get a Professional Multitester for your practical 
job projects. The Multitester will become one of your most valuable 
instruments in spare time work while training, and afterwards, too. 

Many students pay for their entire tuition with spare time work. 
You can, too ... we show you how. 

SEND FOR INFORMATION NOW ... TODAY! 
IT COSTS YOU NOTHING TO INVESTIGATE 

RESIDENT TRAINING AT LOS ANGELES 
If you wish to take your Electronics -TV- 
Radio training in our famous Resident 
School in Los Angeles - the oldest and 
largest school of its kind in the world - 
write for special Resident School cata. 
log and information, or check special 
box In coupon. 

ACCREDITED 
MEMBER 

March, 1962 

MAIL COUPON NOW FOR 

FREE BOOK 
& ACTUAL LESSON 

No 
obligation. 

No 
salesman 
will call. 

After you graduate you can open your 
own TV -Radio repair business or 

go into high paying jobs like these: 
Communications Technic ans, Hi-Fi, 

Stereo and Sound Recording 
Specialists. TV-Radio B-oadcasting 

Technician. Technician in 
Computers 8 Missiles, Electronics 

Field Technician. Specialist 
in Micro-Waves and 

Servomechanisms. Expert 
Trouble Shooter. All-Phase 

Master Technician, 
TV-Radio Sales. Service 

and Repair. 

NATIONALW SCHOOLS (, 
WORLD -WIDE TRAINING SINCE 1905 

ACTUAL LESSON 

NATIONALVek SCHOOLS 
WORLDWIDE TRAINING SINCE 1905 

4000 SO. FIGUEROA ST., LOS ANGELIS 37, CALIF., U. S. A. 

il Mail Now To 
National Technical Schools. Deist. RH -32 
4000 S. Figueroa St. , Los Angeles 37, Calif. 
Please rush FREE Electronics- TV -Rodio 
"Opportunity" Book and Actual Lesson. 

Name - -- -.__ -.._ _- -..Age 
II Address - 
1 

C1y 
_ 

_ _ _ - Zone - State_-_ 

C5,{. neo d interesue ONLY m unmet aa,nm5 al 1as Ageles 

VETERANS: Give date of discharge 

I 
I 
I 

1 
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Preserve the Genius 
of Ilse Musters with the 

Imp 

Natural Sound 

499. 
MODEL 6 3 SPEED 4 TRACK 
STEREO RECORD 'PLAYBACK TAPE DECK 

The remarkable features of this superb 
unit speak for themselves - records 4 
track; plays back 2 and 4 track stereo 
and mono; records /plays back FM 
Multiplex Stereocast with magnificent 
clarity, even at 3%% ips. Permits sound - 
on- sound, track adding, direct monitor 
from source or tape; has push button 
controls, three separate Tandberg en- 
gineered precision laminated heads, 
hysteresis synchronous motor; installs 
into HI -FI system. Price $498. Remote 
control "F" model also available. 

MODEL 65 3 SPEED 4 TRACM 
STEREO PLAYBACK TAPE DECK 

Another Tand berg t r' ph - for pure 
playback of 2 and 4 track stereo and 
mono tapes with finest frequency re- 
sponse. Extremely versatile; facilities 
for adding erase and record heads. 
Price $199.50. 

Tandberg remains unchallenged for 
clear, crisp, natural sound! 

.Tandberg OF AMERICA. INC.. 
8 THIRD AVENUE. PELHAM. NEW YORK 

70 

FROM OUR 
STEREO PREAMP 

To the Editors: 
Ever since 1946 I have been a reader 

of R.loto News and its ensuing progeny. 
You are to be complimented on your 
ever -increasing scope of coverage in the 
field of electronics and your treatment 
of the subject in a manner designed not 
to insult the intelligence of the pro, yet. 
on the other hand. not to "snow" him 
with higher math. 

I enjoy your technical reviews of com- 
mercial hi -fi equipment, but I would 
appreciate more construction articles 
for this type of equipment. A case in 
point is the two -tube stereo amplifier 
described in your September 1959 issue. 
I built this little two -tuber and it has 
graced our living room ever since. 

How about running a sequel to the 
old RADIO & TV NEWS preamp which 
appeared about 10 years ago. That one 
did yoeman service for many a record- 
ing curve in the hectic transition from 
78's to LP's. 

MILES A. SNYDER 
Snyder Industrial Photographic 

Service 
Western Springs, Illinois 

Readers like the above who are inter- 
ested in !ti -fì construction projects will 
be glad to know that we have planned 
for an early issue a stereo preamp that 
might eery well be considered the sequel 
to the old RADIO & TV News preamp. 
As a. matter of fact, this stereo version 
was designed by Charles Boegli, who 
worked on the original mono circuit. 
-Editors. 

a * * 
SILICON AND SELENIUM RECTIFIERS 

To the Editors: 
Recently I have been getting in some 

hi -fi amplifiers for servicing. I notice 
that many of these amplifiers use new, 
small silicon power rectifiers for "B +" 
along with selenium rectifiers for 
bias. How can these semiconductor di- 
odes be checked to make sure that they 
are working properly? Do you have 
any idea of the approximate front -to- 
back resistances as measured with an 
ordinary, service -type v.o.m.? 

RICHARD A. SHAW 
Ames, Iowa 

An ordinary v.o.m. can be used to 
measure front -to -back resistance in 
these diodes in order to check whether 
they are defective or not. Be sure to 
connect the C.O.M. lead that is polar- 
ized positively to the anode of the semi- 
conductor diode and the negative lead 
to the cathode for a forward- resistance 
measurement. Then simply reverse the 
leads to measure back resistance. 

Typical rabies that we have meas- 

READERS 
tned recently on a number of 750 -ma. 
silicon diodes are in the order of 
1000 -2000 ohms forward resistance and 
over 20 megohms back resistance. This 
represents a back -to -front ratio of 
about 20,000 to 1, far in excess of back - 
to- front ratios obtained with selenium 
diodes. In the case of selenium recti- 
fiers, forward resistance measures 
around 5000 ohms to 50.000 ohms. de- 
pending on the diode's current rating, 
while back resistance measures from. 
.1 to 1 megohm. Back -to -front ratios 
are in the order of 20 :1 to 200:1. 

These measurements were taken with 
a v.0.171. having an internal 11/2-volt 
battery. Editors. 

MEDICAL ELECTRONICS 
To the Editors: 

I was very interested in the article 
"Advances in Medical Electronics" by 
Walter H. Buchsbaum in your Novem- 
ber 1961 issue. I would like to compli- 
ment you for harmonizing the field of 
medicine with electronics. 

WALTER A. TOPINKA, M.D. 
Burien Eye Medical Center 
Seattle, Washington 

To the Editors: 
Your article summarizing recent de- 

velopments in medical electronics was 
very interesting and illuminating. 

ESMAIL KOUSHANPOUR 
Michigan State University 
Dept. of Physiology & Pharmacology 
Lansing, Michigan 

The excerpts above are typical of 
many letters we have gotten from our 
readers complimenting us both on the 
presentation and appearance of the ar- 
ticle referred to.- Editors. 

LOUDSPEAKER RESPONSE MEASUREMENTS 
To the Editors: 

In your issue of October, 1961 there 
are test reports on two speaker systems 
-the Dukane DuK -30 and the Hartley 
"Holton." I believe these are excellent 
speakers, but in your tests, their fre- 
quency response was measured in a 
room of 12 feet by 30 feet, and 11 feet 
by 30 feet respectively. Does not room 
testing to loudspeakers give a false 
response, and if so, why print such re- 
ports? 

It is interesting to note that on page 
44 of the same issue, no less an authority 
than Edgar Villchur states : "Sometimes 
attempts are made to get a rough indi- 
cation of speaker frequency response 
by taking microphone measurements in 
an ordinary room. Such a method does 
not even give rough results because 
there will be far more variation caused 
by the room and by the particular posi- 

ELECTRONICS WORLD 
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DOUBLES YOUR EFFECTIVE MANPOWER 

Fast! 

Fix "lough 

Save Half Your 

Step Up Your Profit! 

/ßA'1 rNEW 

TELEVISION 

ANALYST 
for Black & White and Color 

CkQEk off cinaAts- Puwaint 
By Easy Point -to -Point Signal Injection, 

You See the Trouble on the TV Screen and 
Correct it -Twice as Fast and Easy! 

There's no longer any need to "lose your shirt" (and 
customers) -and worry about the lost hours you never 
recover -on "tough dogs" or even intermittents. The 
remarkable B &K Analyst enables you to inject your 
own TV signal at any point and watch the resulting 
test pattern on the picture tube itself. Makes it quick 
and easy to isolate, pinpoint, and correct TV trouble in 
any stage throughout the video, audio, r.f., i.f., sync, 
and sweep sections of black & white and color tele- 
vision sets- including intermittents. Makes external 
scope or wave -form interpretation unnecessary. Most 
useful instrument in TV servicing! Its basic technique 
has been proved by thousands of successful servicemen 
the world over. 

The Analyst enables any serviceman to cut servicing 
time in half, service more TV sets in less time, really 
satisfy more customers, and make more money. 

Model 1076. Net, $29995 
Available on Budget Term,. As low as $30.00 down 

See Your B & K Distributor or Write for Bulletin AP) 8 -N 

March, 1962 

TVtttoub&...'tnwwTcs 

Combines all the features of both 
the Model 1075 and Model A107 

COMPLETE R.F. and I.F. 

VIDEO TEST PATTERN 

COMPOSITE SYNC 

FM MODULATED AUDIO 

COLOR PATTERNS 

HORIZONTAL and VERTICAL 
PLATE and GRID DRIVE 

B+ BOOST INDICATOR 

HI -VOLT INDICATOR 

YOKE and HI- VOLTAGE 
TRANSFORMER TEST 

Also Now Provides: 

SWITCH -TYPE TUNER 

NEGATIVE BIAS SUPPLY 

AGC KEYING PULSE 

PICTURE TUBE MODULATION 

B&K MANUFACTURING CO. 
1801 W. BELLE PLAINE AVE CHICAGO 13, ILL. 

Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont. 

Export: Empire Exporters, 277 Broadway, New York 7, U.S.A. 

11 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


a significant advance 
in high -fidelity reproduction 
WE ARE PROUD TO INTRODUCE THE LONG -AWAITED dynatuner 

0 =MO 
AN FM TUNER IN THE DYNAKIT TRADITION OF OBVIOUS superiorit 

SPACE FOR 

DYNACO 
MULTIPLEX ADAPTER 

Complete including corer, $79.95 kit; $99.95 semi -kif; $119.95 factory wired and tested 

Dynakit specifications are always based 
on reality rather than flights of fancy, 
so our Dynatuner specification of 4 
microvolt (IHFM) sensitivity appears 
somewhat archaic when practically all 
competing tuners imply greater sensi- 
tivity in their advertising. Performance 
is what counts, however, so we invite 
you to compare the DYNATUNER 
directly with the most expensive, most 
elaborate FM tuners available. 

We know you will find lower distor- 
tion, lower noise, and clearer reception 
of both weak and strong signals than 
you ever expected. You will find new 
pleasure in FM listening free of distor- 
tion and noise. 

Slightly higher in the West. 

Best of all, the amazing performance 
of the Dynatuner is achieved in actual 
home use -and maintained for many 
years, since it can be completely aligned 
for optimum performance without ex- 
ternal test facilities. Thus, after ship- 
ment or after tube change, or after any 
other source of changing operating 
characteristics, the Dynatuner can be 
re- instated to peak performance. 

Naturally, the Dynatuner includes 
provision for an internal multiplex 
adaptor. The FMX -3 will be available 
soon and can be added at any time 
for full fidelity stereo FM reception - 
your assurance that DYNAKIT always 
protects you against obsolescence. 

Write for detailed information on this and other Dynaklte. 

DYNACO, INC., 3912 Powelton Avenue, Philadelphia 4, Penna. 
CABLE ADDRESS. DYNACD. PHILA. 
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Lions of the speaker and microphone 
than the performance characteristics of 
the speaker itself." 

ARTHUR GONTY, M.D. 
Menominee, Michigan 

One objection to the use of room 
measurements is that one particular 
microphone location may give complete- 
ly untypical performance results. How- 
ever, it is our practice to use an average 
response taken with microphones at no 
fewer than eight locations in a room. 
What is more, we also frequently change 
the location of the speakers being tested 
and average out the results. By taking 
the average of a large number of meas- 
urements in a typical listening room, 
we obtain valid and useful results. - 
Editors. 

MILITARY TECHNICIANS 
To the Editors: 

I appreciate your stand for the elec- 
tronic technician in your October edi- 
torial. It's quite time a line was drawn 
between the different skill levels. 

As for myself, I am in one of our 
largest groups of technicians, a member 
of the United States Air Force. I guess 
we have to be excluded from the in- 
dustrial and consumer -products service 
technician groups, but I am sure that 
the present technician in the Air Force 
will stack up to the best. In the first 
place, the Air Force does not give a man 
the job title of "technician" until he 
reaches the higher skill level as deter- 
mined by testing, training, and super- 
visor recommendations. This generally 
takes from five to ten years of experi- 
ence in the field along with several years 
of schooling. 

LARRY G. OWEN, S /Sgt., USAF 
Biloxi, Mississippi 

Certainly the military electronic 
technician is important. However, he 
too may be classified as "design tech - 
nician," "service technician," or "oper- 
ating technician" as was mentioned in 
the editorial. -Editors. 

IMPEDANCE MATCHING IN AUDIO 
To the Editors : 

Due to a printing error in my article 
"Impedance Matching in Audio Cir- 
cuits," in the December issue, a portion 
of one sentence was deleted or left out 
by accident. 

On Page 70 under the heading "Out- 
put Matching," the second sentence 
should read as follows : "If the tube 
were completely linear, as it is for very 
small signals, we could represent it as 
having a constant open -circuit output 
voltage and a constant output resist- 
ance r,,. Then maximum poncer would 
be delivered to a load equal to r,. and 
distortion would be no problem." 

JOEL H. LEVITT 
New York, New York 

Tite portion of the test that we 
omitted front Author Levitt's article 
lias been italicized in the above letter. 
We are sorry that we scent to Icare lost 
about two lines of copy somewhere 
along the line. Editors. 

ELECTRONICS WORLD 
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4111/Fil ¡962 
ELECTRONICS CATALOG 

WORLD'S BIGGEST -MOST COMPLETE 

SAVE MOST ON 

EVERYTHING IN ELECTRONICS 
world's largest selection of famous -name 
brands, plus exclusive products & values 

ELECTRONICS for everyone 
1962 
oun 41sT ve°'n 

CATALOG 2%° 
rMOtt: rAGE 9br 

NEW Multiplex Stereo FM 

All- Transistor Stereo Hi -Fi 

ALL /ED exclusives: 
MONEY -SAVING KNIGHT -KITS ''. Enjoy the most sat- 
isfying do- it- yourself experience in the world! 
Build KNIGHT- KITS -lowest in cost, easiest to 
assemble, best for performance. Select from over 
90 exciting KNIGHT -KITS- Stereo, Hi -Fi, Hobbyist, 
Amateur and Test Instruments. An exclusive 
ALLIED product. 
BEST -BUY KNIGHT' PRODUCTS. Save most on famous 
KNIGHT Stereo Hi -Fi- comparable to the best in 
quality, styling, performance -yet priced far 
lower. Select super -value KNIGHT components or 
complete systems (including latest Multiplex 
Stereo and All -Transistor Hi -Fi). KNIGHT prod- 
ucts are acclaimed by all who recognize integrity 
in design and manufacture and who appreciate 
value. 

ALLIED RADIO 
World's Largest Electronic Supply House 

Satisfaction Guaranteed or Your Money Back 
March, 1962 

4,5 

®, 
`,'J TV Tubes, Antennas, Accessories 

Batteries, Wire, Tools, Hardware 
e Huge Listings of Parts, Tubes, 

Transistors, Technical Books 

New Multiplex Stereo FM- 
All- Transistor Stereo Hi -Fi 

New Stereo Hi -Fi Systems - 
Everything in Hi -Fi Components 
Money -Saving Build- Your -Own 
KNIGHT -KITS ° for Every Need 

Best Buys in Tape Recorders, 
Tape and Recording Supplies 

*Citizens Band 2 -Way Radios 

Amateur Receivers, Transmitters, 
and Station Gear 
Public Address Systems, Paging 
and Intercom Equipment 
Test and Laboratory Instruments 

NO MONEY DOWN 
on Allied's new Credit Fund Plan 

Now -enjoy 50% more buying power -up to 
24 months to pay -see our 1962 Catalog 

for simple details. 

World's Largest Stocks Lowest Money -Saving Prices 

Fastest Shipment Expert Personal Service 

send today for the world's 
biggest electronics catalog! 

ALLIED RADIO, Dept. 223 -C2 

100 N. Western Ave., Chicago 80, Ill. 

Send FREE 1962 ALLIED 444 -page Catalog 

i 

:Vorne 

.4 ddress 

L 
I'ih Zone _State J 
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Eiectroiìics \\?)1'1(j LAB TESTED 

Product Test Report 
l'BLI' IRIs1) B1 III11til :11 -IIO1 It I..11iOR.1TORIL.' 

H. H. Scott Model S -3 Speaker System 
Superex Model ST -M Stereo Phones 
CBS Laboratories STR -100 Stereo Test Record 
Lafayette Model TE -20 Signal Generator 

H. H. Scott Model S -3 Speaker System 
For copy of ',moor lunctrrr'.s Lroclu re. rire lr N. 5i on coupon i page 118). 

T HE H. H. Scott S -3 is a true book- 
shelf speaker system. measuring 

approximately 24" x 12" x 10" deep and 
weighing about 35 lbs. Like the larger 
and more expensive Scott S -2, it is a 
three -way system, using a 10" low -reso- 
nance woofer, an acoustically isolated 
mid -range speaker, and a small high - 
frequency tweeter. Separate level con- 
trols are provided for the mid- and high - 
frequency speakers, allowing the user 
to tailor the over -all response to his own 
taste. 

The instruction booklet gives little 
technical information on the speaker 
system, other than the fact that its 
nominal impedance is 16 ohms. To our 
cars, the crossover frequencies ap- 
peared to be about 1000 and 3500 cps. 
\Ve found the recommended level con- 
trol settings to be perfectly satisfactory 
to our ears, and the centers of the sug- 
gested ranges were used in our tests. 

450 -cps tone -burst signal. 

The frequency response of the S -3 
was measured in the same manner as all 
other speakers we test, in a live room 
with two different speaker locations 
and eight different microphone loca- 
tions. It must be realized that this does 
not give any sort of absolute frequency 
response, and therefore response curves 
are not shown but rather to us it shows 
trends, relatively free from room reso- 
nance effects. 

The response of the Scott S -3 proved 
to be exceptionally smooth over -all. It is 
within plus or minus 7.5 db from 32 cps 
to over 12 kc. Its general shape is quite 
smooth particularly in the 100 to 2(X) 
cps region. with a somewhat higher out- 
put in the upper middles and highs. The 
S -3 has very lows bass distortion for a 
speaker of its size and price. It never 
exceeds 5': clown to 20 cps, even at the 
considerable acoustic levels generated 
at our 10 -watt test input level. 

The tone -burst response of the S -3 
system shows it to have excellent tran- 
sient response. quite free from hang- 
over or spurious frequencies at any 
point in its range. 

Listening tests proved once again that 
the tone -burst test offers an excellent 
clue to the listening qualities of a 
speaker. The S -3 has an exceptionally 
clean, balanced. and transparent sound. 
Although it is appreciably smaller than 
other speakers in its price range, it 
holds its own handily by comparison to 
them. In fact, it compares very favor- 
ably to other systems costing two to 
three times as much. We liked its true, 
musical sound immediately on hearing 
it for the first time, and it continued to 
please us with continued use. 

The Scott S -3, in an attractive oiled 
walnut cabinet, sells for 8129.95. 

5000 -cps tone -burst signal. 

M OST GOOD -quality stereo phones 
are dynamic types, resembling 

miniature loudspeakers rather than the 
usual headphones having a flat metal 
diaphragm and fixed coils. The Supercx 
Model ST -M phones are basically dy- 
namic units, but are unique in being two - 
way systems. Each phone is a miniature 
coaxial speaker, with a cone -type woofer 
and a ceramic tweeter. The crossover 
networks (one for each phone) are in a 
separate plastic control box. connected 
to the headset by a six -foot cord. Each 
tweeter has its own level control, en- 
abling the user to adjust the frequency 
response to his liking. The nominal 
crossover frequency is 2200 cps. 

The Superex phones are designed to 
be driven from an amplifier's voice -coil 
outputs. The impedance is not critical- 
14 

Superex Model ST -M Stereo Phones 
For copy of manufacturer's brochure, circle No. 58 on coupon (puye 118). 

anywhere from 4 to 16 ohms being satis- 
factory. The phones are quite sensitive. 
only about 10 milliwatts being needed 
for a good listening level. The crossover 
network and coupling system incorpo- 
rated in the control box result in a 
sufficiently low sensitivity so that hum 
and noise in the amplifier output are no 
more apparent than they would be when 
using loudspeakers. Certain other types 
of stereo phones require attenuators be- 
tween phone and amplifier because the 
high sensitivity of the phone makes am- 
plifier noise audible, but this not the 
case with these phones. 

We found the most pleasing sound to 

occur with the tweeter level controls at 
their maximum position. The audible re- 
sponse of the phones extends to at least 
15 kc., and possibly beyond, although 
we cannot be sure how much our own 
hearing falls off above 15 kc. At the low 
end the response sounds uniform down 
to about 80 cps, with a roll -off below 
that point. Fundamental output can be 
heard, with little distortion, down to 35 
cps. Low- frequency response in ear- 
phones is largely a function of the tight- 
ness of the seal between the phone and 
the ear. These phones use a foam plastic 
surround and do a good job. 

The over -all sound of these phones is 
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Hermon Scott 
could make 
this new kit 
for $30 less, 
If... 

Hermon Scott faced a basic choice ... bring out his new 
LK -48 amplifier kit at $124.95 or make it to sell for $30 less 
like many other amplifier kits. All his engineering depart- 
ment had to do was make a few compromises. 

The LK -48 is rated at 48 watts. By using a smaller power 
supply, ordinary output transformers, and pushing the 
output tubes to their limits, the amplifier might still pro- 
duce 48 watts at 1000 cycles where many amplifier kits 
are rated. But measured at 20 cycles, where Scott en- 
gineers feel power is really important, output would be 
down considerably. No compromise was made. The 
LK -48 actua /ly produces 28 watts per channel at 20 cycles, 
and delivers full power throughout the audio range. 

Many kits use a one color instruction book. Hermon Scott 
decided to continue to use full color to insure factory - 
built performance, even at the hands of a novice. 

Important Scott engineering extras like the all- aluminum 
chassis, DC operated preamp heaters and unique hum - 
null balancing could have been eliminated. Hum would 
have been audibly higher and distortion at levels normal 
to many kits, but Hermon Scott felt that the kit builder was 
entitled to the same performance he has come to expect 
from Scott factory -wired units. 

Yes ... Hermon Scott could have made the LK -48 to sell 
for $30 less ... but it would have meant compromising 
life -long standards. This is something he would never do. 
You can choose any Scott kit with complete confidence - the LK -48, the LK -72 80 watt complete stereo amplifier. 
the LK-150 130 watt stereo poweramplifier,the LC -21 pro- 
fessional preamplifier, the LT -110 multiplex tuner, LT -10 

FM tuner or the LM -35 multiplex adaptor. These superb 
kits have all the features and performance you've come 
to expect from the world's leader in audio engineering. 

0 H.H. SCOTT 
H. H. SCOTT INC., III Powdermill Rd., Maynard, Mass. Dept. 160-03 

Please rush me your new full -color brochure telling 
about Scott's full line of superb stereo kits. 

Name 

Address 

City .State 

Export: Morhan Exporting Corp., 458 Broadway. N.Y.C. 
Canada. Atlas Radio Corp., 50 W,ngold Ave., Toronto. 
Prices slightly higher West of Rockies. 
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WITH US... 
THESE BIG "EXTRAS" 

ARE ALL 
STANDARD EQUIPMENT! 

When you invest in dependable FANON -MASCO 
amplifiers and sound systems you get so much more 
for your sound dollar! Features you'd find in other 
amplifiers costing much more are merely standard 
equipment at FANON -MASCO. 

In every power rating you get more! More mike and 
phono inputs more speaker outputs tamper proof 
cable connections booster output "circuit- sentry" 
provision more rated power universal phono top 

and much, much more. Models from 8 to 70 watts 
including mobile are available. With FANON -MASCO 
you get more for the same money. 

See the complete new line of FANON -MASCO inter- 
com systems for every installation requirement in 
home, office, heavy -duty industrial and school sys- 
tems. More FANON -MASCO intercoms are sold annu- 
ally than any other make. Write for complete catalog: 
441 Frelinghuysen Avenue, Newark 14, New Jersey. 

New! Your best buy in Citizens Band 
9 transistor radio transceivers! 

A power house of performance from FANON- MASCO. Two to 
six miles range with these handsomely styled CB units. Only 
3" x 6" x 11 /2" plus a 51" telescoping antenna. Ideal for busi- 
ness, camps, boating and sports. NO LICENSE REQUIRED. 

Model FCB -99 Only $129.95 list per pair 
(Complete with leather carrying case, ear 

phones, shoulder straps, batteries and crystals) 

16 
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ON-MASCO 
441 Frelinghuysen Ave., Newark 14, N.J. Export: Roburn, 431 Greenwich St., N.Y. 

smooth and clean, with very good highs. 
The lows and middles can sound a little 
muddy if the level is increased too much, 
but al normal listening levels they are 
comparable to good quality speaker sys- 
lems. The effect when listening to stereo 
ria phones is totally different from loud- 
speaker reprorduction, and must be 
heard to be appreciated. The listener is 
transported to the concert hall, with 
startling realism. Although these phones 
are bulky. they are surprisingly li' ht 
and are very comfortable to wear for 
extended periods of time. (Editor's 
Note: The maim farlrrre). adri.ses rrs /tin. 
'th phones note hart it new heudbarnl 
that is lighter. less bulky. card niorr 
comfortable them the one (orinerla 
used. The photo shows the new -model 
stereo phones.) 

Their performance compared to loud- 
speakers is very evident when listenin: 
at reasonably high volumes, for the 
loudspeaker sound can be heard across 
the room even when the phones are be- 
ing worn. The wearer, however. is com- 
pletely isolated from room sounds. 

The price of the Supere, ST -AI phones 
is $29.95. 

CBS Laboratories STR -1O0 
Stereo Test Record 

For copy of rnrhrrrfrrrinrr ' r.e lntn'llrUr'. 
eirehe No. 59 on coupon I prigc 1181. 

THE most practical way to test a 
stereo phono cartridge ¡other than 

listening to it I is to play a test record 
and measure its output or simply listen 
to it. A number of stereo test records 
have been issued. most of them rather 
restricted in (heir usefulness. A few arc 
strictly laboratory tools intended for 
measurement of frequency response anr' 
channel separation. These discs, which 
are used by many cartridge manufac- 
turers to check their products, are not 
usually available through retail outlets 
and are relatively expensive. 

A second category of test records is 
aimed at the hobbyist. They may con- 

(Continued on page 201 
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Special Training 
Equipment Included 

Pick the field of your choice -and train 
at home with the leader -NRI. In addi- 
tion to Industrial Electronics and FCC 
License training explained at the right, 
NRI offers comprehensive courses in 
Radio -TV Servicing and Radio -TV Com- 
munications. Except for the FCC course, 
all NRI courses include -at no extra cost 
-special training equipment for actual 
practice at home, building circuits and 
working experiments. Makes theory you 
learn come to life in an interesting, easy - 
to -grasp manner. 

Multiplexing, FM Stereo 
Broadcasting Included 

NRI training keeps up with the times. 
New, additional profit opportunities exist 
for the Technician who understands the 
latest technical advances. Course mate- 
rial now covers FM Stereo Broadcasting, 
tells you about Multiplexing equipment. 
other recent developments. 

Learn More to Earn More 
Act now. The catalog NRI sends you 
gives more facts about the field of your 
choice, shows equipment you get and keep. 
No obligation. Cost of NRI training is low. 
Monthly payments. 60 -Day Trial Plan. 
Mail postage -free card today. NATIONAL 
RADIO INSTITUTE, Washington 16, D.C. 

NRI- Oldest and Largest Radio 

Television School Now Offers 

NEW HOME STUDY TRAINING 

IN's NEIráä.; ELECTRONICS 

This is the age of Electronics. Rapidly ex- 
panding uses for Electronic Equipment in 
industry, business, the military demands 
more trained men. Prepare now for a 
career as an Electronic Technician to 
assure advancement or to profit from your 
hobby. NRI now offers a complete course 
in ELECTRONICS -Principles, Practices, Maintenance. 
Computers, telemetry, automation, avionics are changing 
our world, yet all employ the same basic principles ... and 
that is what this NRI course stresses with illustrated 
lessons and special training equipment. Mail card below. 

NEW HOME STUDY TRAINING 
FOR YOUR FCC LICENSE 

Send for 
64 -Page 
CATALOG 

FREE 

An FCC Commercial License combined 
with NRI time -tested training can be the 
keys to a better future for you with higher 
pay, interesting work, more rapid advance- 
ment as the rewards. Prepare at home 

W quickly for your FCC examinations through 
NRI's new, low -cost, special training. Like other NRI - 
trained men, you can be monitoring TV shows, radio 
broadcasts, operating shipboard and aviation radio, or 
holding down other important jobs. Get full details - 
mail the card below. 

FOR MORE INFORMATION -TURN PAGE 

Cut Out and Mail -No Stamp Needed 
NATIONAL RADIO INSTITUTE 
WASHINGTON 16, D.C. 

Send me your Electronic, Radio -TV catalog without cost or obligation. 
I am interested in the course checked below: (No representative will call. 
Please PRINT.) 

INDUSTRIAL ELECTRONICS COMMUNICATIONS 
FCC LICENSE SERVICING 

X 

Name Age 

Address 

City_ _ Zone__ State 
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 
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ELECTRONICS NEEDS 
4T07 

QUALIFIED TECHNICIANS 

t 
FOR EVERY ENGINEER 

t 
Choose from 4 Courses 

1 

2 

3 

4 

INDUSTRIAL ELECTRONICS 
Learn Principles, Practices, Maintenance 
of Electronic equipment used today by 
business, industry, military, government. 
Covers computers, servos, telemetry, multi- 
plexing, many other subjects. 

FCC LICENSE 
Every communications station must have 
one or more FCC - licensed operators. New 
NRI course is designed to prepare you for 
your First Class FCC exams. You learn 
quickly, training at home in your spare time. 

COMMUNICATIONS 
'training for men who want to operate and 
maintain radio and TV stations; police, 
marine, aviation, mobile radio, etc. Includes 
FM Stereo broadcasting. Course also pre- 
pares you for your FCC license exam. 

SERVICING 
Learn to service and maintain AM -FM 
Radios, TV sets, Stereo Hi -Fi, PA systems, 
etc. A profitable, interesting field for a 
spare-time or full -time business of your own. 

4IIIISEE OTHER SIDE 

Join The Thousands 
Who Trained For 

Advancement With NRI 
Thousands of NRI graduates throughout the U. S. and Canada 

are proof that it is practical to train at home. NRI graduates are 

in every kind of Electronics work: inspectors, maintenance men, 

lab technicians, testers, broadcasting and mobile communica- 

tions operators, Radio -TV service technicians, or in essential 

military and government posts. Catalog tells more about what 

NRI graduates do and earn. Mail postage free card. 

"THE FINEST JOB I EVER HAD" is what Thomas Bilak, Jr., 
Cayuga, N. Y., says of his position with The G. E. Advanced 
Electronic Center at Cornell University. He writes, "Thanks 
to NRI, I have a job which I enjoy and which also pays well." 

BUILDING ELECTRONIC CIRCUITS on specially- designed plug -in 
type chassis, is the work of Robert H. Laurens, Hammonton, 
N. J. He is an Electronic Technician working on the "Univac" 
computer. Laurens says, "My NRI training helped me to 
pass the test to obtain this position." 

"I OWE MY SUCCESS TO NRI" says Cecil E. Wallace, Dallas, 
Texas. He holds a First Class FCC Radio -telephone License 
and works as a Recording Engineer with KRLD -TV. 

MARINE RADIO OPERATOR is the job of E. P. Searcy, Jr., of 
New Orleans, La. He works for Alcoa Steamship Company, 
has also worked as a TV transmitter engineer. He says, "I 
can recommend NRI training very highly." 

FROM FACTORY LABORER TO HIS OWN BUSINESS that rang up 
sales of $158,000 in one year. That's the success William 
F. Kline of Cincinnati, Ohio, has had since taking NRI 
training. "The course got me started on the road," he says. 

FIRST CLASS 
PERMIT 

NO. 20 -R 

(Sec. 34.9, P.L.R,R.) 

Washington, D.C. 

BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 

POSTAGE WILL BE PAID BY 

National Radio Institute 
3939 Wisconsin Avenue 

Washington 16, D.C. 

NRI IS OLDEST -LARGEST 
SCHOOL OF ITS KIND 

Training men to suc- 
ced by home study has 
been the National 
Radio Institute's only 
business for over 
45 years. NRI is 
America's oldest and 
largest Electronics 
home -study school. 
Don't delay. Cut out 
and mail POSTAGE - 
FREE CARD. 

MAIL POSTAGE -FREE CARO 
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LAFAYETTE 
8 

340 PAGE 1962 
ELECTRONICS CATALOG 

"America's Hi -Fi 
Electronics Shopping Center" 

1 

LAFAYETTE 
RADIO _ El 
ELECTRONICS 
4tNG ° 1962 

OUR 411E ytAR 

iNDffPAGE 136 

OUR NEW 

MAIL ORDER i 

Skis CENTER 

III 1wIeM %Ma. 
lRCOft L L On fork 

ur41 
46 . P1H 11CP rti 

Ill 446114/04 µ 1414111141411114 asCRn C Rn46 n. 10.44 
M., . - w:' ; : T 4 .- .I 

Yours free for the asking - the biggest, best and 
most comprehensive catalog in the 41 -year history 
of Lafayette Radio. Audiophile, Experimenter, Hobbyist, Technician, 
Engineer, Student, Serviceman, Dealer - you'll find what you want 
in this latest Lafayette catalog. 

LARGEST STOCK SELECTION. Stereophonic Hi -Fi equipment, Citizens Band, 
Ham and Amateur equipment, Radio & TV parts, Optics, Industrial Supplies, 

and much more, including all the favorite name brands. 

LAFAYETTE EXCLUSIVES. Featured are the famous Lafayette Kits ... 
dollar for dollar the best value for your money today. You'll also see 

hundreds of Lafayette specials ...available only from Lafayette. And, 
as always, SATISFACTION GUARANTEED OR MONEY REFUNDED. 

COMPLETELY WIRED, 
FULL SIZE TUBE TESTER 

TE- 15_....._. .19.95 

10,000 
OHMS-PER-VOLT 
MU LTITESTER 
TE -10 9 95 

J NEW! KORDEX'n 
TRANSISTORIZED 

SEMI -KIT TAPE RECORDER 
RT -201 17.95 

LAFAYETTE'S 
NEW MAIL ORDER HEADQUARTERS 

111 JERICHO TURNPIKE 
(2 Blocks West of South Oyster Bay Rd.) 

SYOSSET, LONG ISLAND, NEW YORK 

March, 1962 

LOWEST PRICES. You'll save money too with Lafayette's low, low 
prices. The lowest prices are always in the Lafayette catalog. 

24 -HOUR SERVICE. Quick, courteous service is your guarantee 
at Lafayette. Most orders are fully processed within 24 hours 

after receipt in the mail Order Division. 

NEW EASY -PAY PLAN. 
Now, NO MONEY DOWN... 

up to 24 months to pay. 
SUPERHETERODYNE 

COMMUNICATIONS RECEIVER 
KT -200, Kit 64.50 
HE -10, Wired 79.95 

r 
t, 

NEW! 
FM MULTIPLEX 
ADAPTER 
LT -200 09.50 

CITIZENS 
BAND 
MOBILE ANTENNA WHIP 
H E -800 W X 

LAFAYETTE RADIO ,DEPT. RC2 

I 

I 
1 

1 

1 

I 
1 

1 

I 

P.O. BOX 10,SYOSSET, L. I., N. Y. 

Rush my FREE Lalat-erre 1962 Catalog 620 

Please send me # 

1 am enclosing t 
shipping charges collect. 

Nome 

Address 

City Zone State 

6.95 

340 PAGES 

J 
19 
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Listen with 
discriminating 

pleasure 
TO YOUR 

ô. 

A startling achievement -an ultra. 
compact 2. speaker system capable of 
sound you'd expect from a much larger 
unit. Volume control on front. Perfect 
for FM Multiplex, very low cost stereo, 
other -room extensions. 

X102 -speaker 2 -way system for use with 
amplifier having 4, 8, or 16 ohm output. 
Power rating -6 watts. Adequate room 
sound with 1 watt to speaker. 71i' Il, 
13' W,45s'D. 
In oiled Walnut $29.75 

TO YOUR 
L J 

A popularly priced full -sized 3- speaker 
bookshelf system- perfect for inexpen- 
sive stereo. Recent "blindfold" tests by 
audio experts proved a preference for 
the TF -2 over "rated" systems costing 
much more. 

TF.2 3- speaker 2 -way system. Full size 
Flexair' woofer for distortion-free bass 
response, plus two special direct radiator 
tweeters giving smooth, extended highs. 
131_' II, 23 ° W, 111 ú' A. 

In oiled Walnut 579.50 
Unfinished Hardwood ..$61.30 

enten TM. Rsa. 

MANUFACTURING COMPANY 
DIVISION OF THE MUTER CO. 

6601 S. Laramie Ave., Chicago 38, III. 

In Canada: Renfrew Electric Co., Ltd., Toronto 
In Mexico: Universal De Mexico, S.A., Mexico, D.F. 

tain bands for checking phasing, several 
musical selections, a limited number of 
spot frequencies for checking response, 
and perhaps left- and right- channel sig- 
nals at a single frequency for checking 
channel separation. These records are 
of limited value to anyone wishing to 
make thorough and complete measure- 
ments of cartridge performance. 

The CBS Labs STR -100 test record 
combines many features of both types 
of records, with a few innovations of its 
own. For example, there are left- and 
right- channel sweep frequency bands, 
each covering 40 to 20.000 cps in 65 sec- 
onds. They are specifically designed to 
be used with the General Radio Type 
1521 -A Level Recorder, which can pro- 
duce a graphic plot of frequency re- 
sponse and crosstalk for both channels, 
automatically, in about six minutes. 
These bands can be very useful to per- 
sons without a level recorder as well. 
The usual spot- frequency bands on test 
records may not coincide with sharp 
peaks or holes in the response of a car- 
tridge but, by listening or watching the 
output of the cartridge on a meter or 
oscilloscope, such irregularities are 
easily detected. There is no simple 
method of determining the frequency at 
which these effects occur without the 
G -R Level Recorder, whose chart drive 
is synchronized with the record's sweep. 

The new record also has spot -fre- 
quency bands, each containing 29 fre- 
quencies from 20 to 20,000 cps. These 
are recorded, like the sweep bands, with 
constant amplitude below 500 cps and 
constant velocity above that frequency. 
Each band is preceded by a voice an- 
nouncement of frequency. These bands 
may be used to measure frequency re- 
sponse and crosstalk if no recorder is 
available, as well as to give a rough idea 
of the audible range of a phono system. 

A pair of sweep -frequency bands, ex- 
tending from 200 cps down to 10 cps, 
serve to check tonearm resonances in 
this range. They are recorded at a 3 -db 
higher level than the other sweep bands, 
causing any appreciable resonance to 
show up as audible buzzing or even loss 
of contact with the groove. These bands, 
too, are synchronized with the G -R re- 
corder for automatic measurements. 

A unique feature of this record is the 
two groups of five bands for checking 
vertical and lateral compliance. These 
are recorded at 100 cps, with peak am- 
plitudes from 0.001 cm. to 0.005 cm. One 
group is recorded with vertical modu- 
lation: the other with lateral modula- 
tion. The stylus force is adjusted to the 
smallest value which will allow one of 
the bands to be tracked without buzz- 

ing or distortion. A simple formula, in- 
cluded in the instruction details, per- 
mits computing the vertical or lateral 
compliance from the tracking force and 
the peak recorded amplitude. The user 
is cautioned that the lateral compliance 
measured in this manner may differ 
from the value given by the pickup 
manufacturer, due to the effects of arm 
friction and mass. These bands are also 
convenient as speaker -phasing signal 
sources. 

We checked the STR -100 test record 
by measuring the performance of a 
cartridge with it and also measuring the 
same cartridge with two other widely 
used test records. The CBS Laboratories 
record covers a wider range of frequen- 
cies than either of the other records. but 
there was good over -all agreement on 
both frequency response and crosstalk. 
This is the only test record we have 
seen which can be used for checking 
both these parameters over the full 
20- 20,000 cps range. 

The sweep bands disclosed a couple of 
response irregularities which did not 
show up in any steady -state measure- 
ment of the cartridge. The compliance 
measurements indicated both vertical 
and lateral compliance values much less 
than the cartridge's ratings. Bearing in 
mind the limitations of this sort of 
measurement, we would consider this 
record to be useful for comparative 
rather than absolute measurements of 
compliance. 

The new STR -100 stereo test record 
is a valuable tool for the hobbyist, the 
serious audio experimenter, and the 
well- equipped laboratory involved in 
phono- cartridge measurements. Priced 
at $8.50. it is available at Columbia Rec- 
ords dealers and distributors or the 
Audio Products Dept., CBS Labora- 
tories. Stamford, Conn. 

Lafayette Model TE -20 Signal Generator 
For copy of manufacturer's brochure, circle No. 60 on coupon (page 118). 

T HE Model TE -20 is an inexpensive, wide- 
' range r.f. signal generator that can be used 

on the service bench for r.f. and i.f, alignment. 
A separate, variable -amplitude audio output per- 
mits audio- circuit troubles to be traced. The low 
cost of this Japanese -made, factory -wired and 
tested instrument, $27.95, brings it in the price 
range of many ri. signal generator kits. 

The generator covers a frequency range from 
120 kc. to 260 mc. in six separate bands. Fre- 
quencies up to 130 mc. are covered by funda- 
mentals, while the range from 120 mc. to 260 
mc. is covered by scale -calibrated harmonics. An 
internal audio oscillator modulates the ri. signal, 
if desired, and audio is also available sepa- 

tConlinued on page 96) 
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NEW From a deluxe 

Typical examples where 

a VTVM performs best ... 
minimum circuit loading 

very high resistance measurement 

measuring peak to peak voltage 

alignment, AGC trouble shooting or 
ratio detector touch up 

reading 2nd anode voltage 

transistor radio voltage measurements 

Typical examples where a 

portable VOM is best... 
instant action when you can't wait for 
warm up and stabilization. The VTVM 
can be warming up while you are using 
the VOM. 

working on a hot TV chassis 

checking anything remote where power 
isn't available such as antennas, auto, 
etc. 

reading DC current 

And look at these specifications! 

Voltage 

6 AC and DC ranges from 0 to 1000 volts 
on both VTVM and VOM 

6 peak to peak ranges from 0 to 2800 
volts peak to peak on VTVM 

Zero center scale on VTVM 

Resistance 

6 ranges from 0 to 1000 megohm on 

VTVM 
2 ranges from 0 to 1 megohm on VOM 

Current 
one easy reading scale from 0 to 1000 
milliamp on VOM 

Batteries 
one 1.5 volt "D" cell 

Accuracy 
3 percent on DC volts; 5 percent AC 
volts with a 6 inch, 200 microamp, 2 per 
cent meter. 

Circuit Loading 
10 megohms on VTVM, 15,000 ohms on 
VOM low range, 5 megohms on highest 
range. 

Special Servicing Features for 

the Man on the Go! 

Unbreakable steel case and protective 
removable cover. No leads to drag or line 
cord to "hank ". 

to a VOM with the flick of a switch! 

For the First Time in Electronic History ... a VTVM with laboratory accuracy for bench, 
lab, or anywhere 115 volt AC current is available ... flick the function switch and it's a 

portable VOM that you can use anywhere, anytime. 

Look! A nother Remore first ... automatic scale indi- 
cation. What a time saver! Rotate the controls and 
watch the indicating lights follow you. You can't go 
wrong! 

SUM. 
RUMBA' 

Inside the cover is a real surprise: short 
cut technical data to make every job 
easier and faster... standard transformer 
lead color code, fuse resistor burn out 
voltage, transistor testing guide, etc. 

March, 1962 

You'll like this.' (Inv praurInv, ers( heal 
for every job. Even the Hi- voltage probe 
fits on the end of it. And look at this 
storage compartment for test lead and 
line cord. 7'he two 115 volt AC outlets 
sure come in handy on service calls! Model SM112 Only 79 

No more than a complete VTVM alone! 

95 

Ask your Sencore distributor for the New Combination VTVM -VOM -there is no other! 

MADE IN AMERICA S R E SENCORE 
e 

BY AMERICANS ADDISON, ILLINOIS 

21 
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UHF TO VHF 

VHF TO VHF 

FM TO VHF C 

select the converter to do the job best from the world's only matched and integrated line 

BLONDER -TONGUE UHF & VHF CON VERTER- 
AMPLIFIERS FOR MATV, CAN, CCTV, ETV 

MOOEL DESCRIPTION GAIN IMPEDANCE 
INPUT OUTPUT FEATURES LIST 

UC2 UHF to VHF 
converter to 10db 300 ohms 75 ohms 

Built-in dual out- 
put put mixing net- 
work. 

165.00 

MUC UHF to VHF 
converter 15db to 30db 300 ohms 75 ohms 

Crystal controlled. 
Dual output 
mixing network. 

387.50 

CO-3 
(not illus.) 

UHF to VHF 
converter 1db to 5db 75 ohms 75 ohms Crystal controlled. 

UHF pre -amp 
558.00 

UNIVERTER 
(not illus.) 

VHF to VHF 
converter - 75 ohms 75 ohms 

requires 
external 
power supply 

143.25 

MLC 
Lo to Lo VHF 

converter 20db to 40db 75 ohms 75 ohms 
Crystal controlled. 
Dual output 
mixing network. 

400.00 

MVC 
Hl to Lo VHF 

converter 33db 75 ohms 75 ohms 
Crystal controlled. 
Dual output 
mixing network. 

400.00 

CO2 
(not illus.) 

VHF & 
sub channel 
converter 

up to 20db 75 ohms 75 ohms 
Crystal controlled. 
(FM to VHF avail- 
able, list 615.00.) 

403.00 

Today, contact your Blonder -Tongue 
distributor. Write for Free 28 page 
planning and installation manual. 
Free layout service. Also, engi- 
neering service available. 

.na%n..r.d Ad bunur cru..e by 

-v BLONDER. TONGUE Canadian Div.: Beneo Television Assoc., Toronto. Export: Rocke Intl. Corp.. N. Y. 16, N. Y: CABLES:AR LAB 
a Airy home TV accessories UHF converters master TV systems closed circuit TV systems 
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Installa Channel Master 
golden crossfire 
up HERE...and see the 

sudden difference 
A 

4' 446 

All over the country, the new Channel Master Golden Crossfire is bringing 
primary area picture quality into difficult fringe areas. 

The Crossfire delivers the sharpest, clearest pictures you've ever seen... 
even at great distances. It's perfect for either color or black and white. 
And the Crossfire is an excellent FM antenna, too ... a fact that gives you 
extra sales potential. 

The case against all -In -one "transistorized antennas" 
A booster can't replace an antenna ... or compensate for an inefficient 
antenna. In order to get peak fringe area reception with a booster, you 
must start with the highest -gain antenna you can get ... and that antenna 
is the Channel Master Golden Crossfire! 

That's why you can install the powerful Golden Crossfire with full con- 
fidence that it will give your customers finer TV and FM reception than 
any other type of antenna available today. 

\\\,,CHANNEL MASTER ELLENVILLE, NEW YORK 

New Improved JETRON 

Booster with built -in 
AM interference filter. 

This powerful trarsistorized booster 
mounts on antenna or mast. It cleans 
up snow and adds miles to TV and FM 
reception ... dramatically improves 
the performance of any antenna... 
new or old. The Jetron has the lowest 
noise figure of any booster. Separate 
in- the -home power supply also serves 
as a 4 -set coupler. 
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LEGEND 

A. COMPUTER 

B. OUTPUT -INPUT CONTROL STATION 

C. COATING STATION 

D. FIRST INSPECTION STATION 

E. TERMINATING STATION 

F. CONVEYOR CONTROL EQUIPMENT 

G. CAPPING STATION 

H. HELIXING STATION 

J. SECOND INSPECTION STATION 

K. ENCAPSULATING STATION 
L. LEAK DETECTOR STATION 

M. MARKING STATION 

N. THIRD INSPECTION STATION 

O. PACKING STATION 

P. CONVEYOR CONTROL EQUIPMENT 

Q. CAP -LEAD WELDING MACHINE 
R. DETAIL OF CONVEYOR LINE 

Three technicians, working under the guidance of an engineering associate and with minimum assistance from the development 
engineers, are now operating and maintaining the nation's first fully automatic resistor production line shown here. 
The legend identifies the various line stations through which the high -reliability, ultra -stable, precision resistors pass. 

The dawn of the computer and automa- 
tion era is opening up more and more 
opportunities in this field. 

Engineering associates at Western 
Electric are a group of technical em- 
ployees used as part of the engineering 

COVER STORY 
THE COVER photo shows our author, G. L. 

McClamrock (right), engineering associate 
n the manufacturing development engineer- 

ing organization, and John D. Miller, me- 
chanical technician, discussing the operation 
of the resistor- terminating machine at the 
North Carolina Works of Western Electric 
Company in Winston -Salem. 

The terminating machine is used to apply 
a gold band to the ends of the deposited car- 
bon resistor blanks using a process known as 
"sputtering." Sputtering takes place when a 
high accelerating voltage is applied to a solid 
gold cathode enclosed in a high vacuum at- 
mosphere back filled with argon gas. The 
gold being bombarded under these conditions 
causes an effect similar to secondary emission 
in a vacuum tube. 

The unit shown is one of a group of ma- 
chines developed by manufacturing develop- 
ment engineers and operated and maintained 
by technicians. These machines, when tied to- 
gether with a conveyor and computer control 
system, form a fully automated production 
line. 

The production line, now in operation at 
the Western Electric plant, is capable of pro- 
ducing t /4 -, t /z -, 1 -, or 2 -watt deposited car- 
bon resistors in a wide range of values at 
the rate of one resistor every three seconds. 
These resistors are high -reliability, ultra - 
stable, precision components used in the 
electronics equipment required for our missile 
program. 

(Cover Photo: Western Electric Co.) 

team. They are generally college grad- 
uates who hold non- engineering degrees, 
former engineering students who left 
college prior to obtaining a formal de- 
gree, or graduates of trade schools with 
experience in various specialized fields. 
Specialists range from electronics, me- 
chanics, chemistry, math, computer 
service, and programming to vacuum - 
system experts. These employees, as- 
signed to projects according to their 
past experience and training, are re- 
lieving the shortage of professional en- 
gineers by permitting them to spend 
more time in formulating new ideas and 
concepts for future projects. Careful as- 
signment of technical help in an engi- 
neering organization not only helps to 
get the job clone, but gives the technician 
or engineering associate a chance to 
broaden his experience and training. 

Terhnirians' Functions 
Any idea that is to be engineered into 

an actual product must pass through 
hlt. phases. The idea must be developed, 
a x -orking model constructed, a prove -in 
period must take place, and then, finally, 
the new process or machine must func- 
tion under actual operating conditions. 
Skilled technical assistance is proving 
invaluable to the professional engineer 
during all phases of this work. 

During the development or planning 
phase of any new process, considerable 
time is consumed in making prints and 
sketches covering the proposed idea. 

Both the engineering objective and the 
idea must be clear and solid in the de- 
velopment engineer's minci. Then he is 
ready for technical assistance in taking 
over and helping to express the idea on 
paper. By working from rough sketches 
and information supplied by the engi- 
neer and designer, the technician can 
go ahead with the basic trial and testing 
of the new concept. Relieving the engi- 
neer of this time -consuming job helps 
accelerate the task by allowing him 
more time for refining his ideas and spot- 
ting potential trouble before it arises. 
Electrical and mechanical sketches, both 
rough and finished, must be made to 
permit an evaluation of the idea or 
process from a practical standpoint. 

If the idea proves to be a new, more 
practical. faster, or better sway of doing 
a job. it is then ready for the second, or 
construction. phase. A working model 
is necessary to demonstrate and prove 
the capabilities of any machine. The 
construction of a prototype model re- 
quires many decisions as to what types 
of material and components should be 
used. This usually involves the testing 
and evaluation of several types before 
a final decision can he reached. 

Procurement of component parts is 
also a problem. but the real challenge 
lies in the actual construction of the 
model. It is not always possible for the 
engineer to express an idea on ',vel- 
a) completely that it can be transformed 
into a working model. It is generally 
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necessary for him to build breadboard 
electrical circuits and experimental me- 
chanical apparatus for evaluation and 
study. Here is where efficient use can 
be made of technical assistance. 

A technician, either mechanical or 
electrical. can take the rough sketches 
and information supplied by the engi- 
neer and, with minimum assistance, build 
the apparatus. The technician or engi- 
neering associate, being experienced in 
shop practices and procedures, can offer 
help in determining construction limi- 
tations and machine capabilities. He can 
also point out weak or potential trouble 
spots and suggest possible alternatives. 
By allowing competent, skilled crafts- 
men to do the actual constriction and 
wiring, the engineer is free to concen- 
trate on refining the plans and solving 
constriction problems as they :vise. 

During the third, or prove -in, phase, 
the job approaches reality. At this point 
the idea has been developed into a proto- 
type machine or process. Now it must 
be debugged and evaluated. This is the 
time to pinpoint the weak spots, make 
design changes, and refine plans to in- 
sure a trouble -free working model. Fail- 
ure of any part must be studied and 
analyzed to determine the reason for its 
failure and a replacement part that can 
handle the job must be found. A thor- 
ough debugging or prove -in is a time - 
consuming job which can be effectively 
handled by skilled technicians. 

By the time the prototype is finished, 
the engineer and technicians are thor- 
oughly familiar with all parts and can 
work together to make the machine or 
process a success. During this period, 
while the technician is making improve- 
ments and modifications, the develop- 
ment engineer can be completing his 
plans and drawings for the production 
model. The technician or engineering 
associate, now thoroughly familiar with 
all phases of the process, can assist the 
construction department in building a 

production model. He can correct draw- 
ings and, in general, assist the develop- 
ment engineer in making the final 
transition from an idea to a useful tool. 

After initial prove -in comes the task 
of starting up production and proving 
that the equipment can do what it was 
designed to do. This phase of the de- 
velopment job can be handled almost 
exclusively by technicians. The develop- 
ment engineer, by serving only on an 
advisory basis, is left free to develop 
maintenance programs and operating 
procedures for utilizing the new equip- 
ment with maximum efficiency. There 
will also be minor modifications neces- 
sary to make the equipment compatible 
with the process. If the equipment is 
of a complex nature, such as the auto- 
matic production line for deposited car- 
bon resistors recently developed by 
1Vestern Electric, operators must be 
trained. 

March, 1962 

Since computer- controlled automatic 
equipment is so complex, high- grade, 
skilled, and specially trained technicians 
are used as operators. The very nature 
of the equipment makes it necessary for 
the operator to be thoroughly familiar 
with all of the machine functions and to 
be able to operate and maintain any part 
of the equipment. 

Three technicians, working under the 
guidance of an engineering associate and 
with minimum assistance from the de- 
velopment engineers, are now operating 
and maintaining the nation's first fully 
automatic resistor production line. 

The Future 

in this era of computers and automa- 
tion, more and more opportunities will 
be available to the technician. Computer 
operation, programming, and mainte- 
nance is a wide -open career field. The 
use of computers to control complex 
machines and processes is just coming 
into its own but promises to become an 
increasingly active field within the next 
few years. Well-trained technicians are 
in great demand to fill the many posi- 
tions created by the introduction of 
equipment too complex for the average 
operator to control. 

increasing automation calls for a new 
kind of maintenance man -a highly 
trained engineer- technician -to cope 
with complex electronic control systems. 
In many plants today the maintenance 
man is one of the most highly skilled 

This automatic inspection station (line sta- 
tion J) plays an important role in the auto- 
mated manufacture of deposited carbon 
resistors. Feedback control and self- correc- 
tion of the helixing machine (which cuts a 
spiralled groove in the carbon film to pro- 
duce required resistance) are based on com- 
puter- controlled analysis of values inspected. 
Bad units are rejected automatically. 

Offset printing techniques are employed at 
line station M in the automated production 
line. This technique is used in the com- 
puter- controlled marking machine which 
stamps on the wattage, resistance value, pro- 
duction lot number, and the date. A plan- 
etary gear arrangement is used to mount 
the blanket roll and inking rolls and per- 
mits the type head to remain stationary. 

workmen who is employed in the shop. 
Keeping prt :dnction flowing is vitally 

important in an automated factory be- 
cause of the capital tied up in automatic 
equipment and the losses which accrue 
when a continuous process is interrupted 
by a breakdown. immediate, on -the -spot 
troubleshooting au id repairs are neces- 
sary to minimize the losses resulting 
from breakdown. The operator-mainte- 
nance man must be alert and capable of 
spotting tronhles before the process be- 
comes bogged down. 

The technician has always played an 
important role in industry but with auto- 
mation and remote- controlled equipment 
the technician is beginning to receive 
recognition commensurate with the im- 
portance of his job. The "support" part 
of many teams sometimes goes unno- 
ticed, but no one can deny its impor- 
tance to the success of that team. 

Our author, G. L. McClamrock, demonstrates 
the starting up of the fully automatic line 
for a day's production. Engineering Asso- 
ciate McClamrock is seated at the oper- 
ating console of the general -purpose digital 
computer at station A on production line. 
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By LEE CRAIG 

Keep in constant communications 
by Citizens Radio, a radio -signaling 
transmitter, and a pocket -paging set. 

PRIVATE RADIO SIGNALING 

1 
" F I AM not on time, I am early" 

is the slogan of a professional 
photographer who uses electron- 

ics to build his business. He has found 
that by being available almost anywhere 
at any time, his services are in demand. 

But, to be there at the required time, 
immediate communication is a must. 
And, communication he has. 

His station wagon is equipped with a 
Bell System mobile telephone, a Citizens 
Radio, and a radio -signaling transmit- 
ter. In his pocket he carries a "Page - 
master," a radio -signaling receiver sim- 
ilar to the telephone company's "Bell 
Boy." 

When within Citizens Band range, his 
office can reach him direct by CB radio 
if he is in his station wagon. When he 
is beyond CB range, his office calls him 
by mobile telephone, which is equipped 
for two channels -one served by the 
telephone company base station in New- 
ark, N.J. and the other by the New 
York City station. 

As long as he is in his station wagon, 
anywhere in the New York City- North- 
ern New Jersey metropolitan area, he 
can be reached by mobile telephone. But, 
until he installed his radio "beep" sys- 
tem, he was out of reach of his office 
whenever he left his station wagon. 
Now, he takes his "Pagemaster" with 
him so he can be reached when having 
lunch or taking pictures. 

Fig. 1. Signaling transmitter block diagram. 
COAXIAL CABLE 
TO ANTENNA 

28 

RF. FREQUENCY- CRYSTAL - 
POWER MULTIPLIER CONTROLLED 

LIF 

iER STAGES OSCILLATOR 

AMPLITUDE AUDIO AUDIO 

ODULATOR AMPLIFIER NEVER OSCILLATOR 

B 

When he leaves his station wagon, he 
leaves the mobile telephone turned on, 
and throws a switch to connect his 
radio -signaling transmitter to the tele- 
phone bell. 

When the mobile telephone bell rings, 
a relay turns on the radio -signaling 
transmitter which radiates a tone -mod- 
ulated signal. This signal is picked up 
by the "Pagemaster" which issues an 
audible "beep." 

Whenever the photographer hears the 
"beep," he rushes out to the station 
wagon to answer the mobile telephone. 
If the caller has hung up. the mobile 
service operator rings the caller back 
to complete the call. 

The signaling transmitter, which op- 
erates on 27.255 mc., is a modified Link 
FM mobile transmitter to which an 
outboard tone modulator has been 
added. as shown in the block diagram 
of Fig. 1. The audio input to the original 
phase modulator is shorted out. Ampli- 
tude modulation is obtained by injecting 
the signaling tone into the grid- return 
circuit of the final r.f. power amplifier 
stage as shown in Fig. 2. The grid- return 
circuit of the final r.f. power amplifier 
is broken at "X," and the modulating 
tone signal is developed across R,. While 
plate modulation will provide greater 
power output, grid modulation is good 
enough, and less costly, to satisfy the 
photographer's needs. 

The plate and screen voltages to the 
final r.f. power amplifier have been re- 
duced, by a dropping resistor, to a value 
that prevents operation at more than 
30 -watts input to that stage, the maxi- 
mum permitted by the FCC. 

The audio oscillator is tuned by ad- 
justing the core of L, (a UTC variable 
inductor) to 256 cps. The oscillator 
produces a fairly pure sine -wave and is 
quite stable. 

The values of CI and L, depend upon 

the tone frequency of the pocket re- 
ceiver. In this case, the "Pagemaster" 
is equipped to respond to a 256 -cycle 
tone. By using a variable inductor, it is 
possible to tune the oscillator to this 
frequency. The values of C, and L, for 
any frequency may be determined by 
referring to an impedance chart. 

A relay, installed by the telephone 
company, closes its contacts when the 
mobile telephone rings. These relay con- 
tacts are connected to the circuit where 
the press -to -talk microphone circuit is 
usually connected. 

Relay RL, in Fig. 3 is energized when 
the transmitter "on -off" switch is closed. 
This switch is normally turned "on" 
and the transmitter's tube heaters are 
kept warmed up. When the mobile tele- 
phone bell rings, relays RL, and RL are 
energized. Relay RL, applies power to 
the input of the transmitter's dynamo- 
tor which, when running, energizes the 
transmitter and the audio oscillator. 
During the time that RL is energized, 
the transmitter radiates a tone -modu- 
lated signal only when the mobile tele- 
phone is ringing. However, once the 
"Pagemaster" is tripped by the tone - 
modulated signal, it continues to issue 
a tone until its reset button has been 
pressed. 

Sometimes the first ring doesn't trip 
the " Pagemaster," if it is in a dead spot. 
Since the photographer moves about 
when doing his work, the second or third 
ring will usually trip his " Pagemaster" 
if the first one doesn't. 

The FCC has authorized the photog- 
rapher to operate his transmitter as a 
class C Citizens Radio station in the 
manner described. 

Besides normal transmitter tune -up, 
the only adjustment that has to be made 
is tuning of the tone generator by ad- 
justing the core of L, until the "Page - 
master" trips. This adjustment requires 
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two people since the "Pagemaster" 
should be at least 50 feet away from the 
transmitter to avoid overdriving the re- 
ceiver. 

The range of the signaling system 
varies with the locale. When the station 
wagon is in the parking lot at Bergen 
Mall in Paramus, N.J., for example, the 
photographer can be signaled when in- 
side a steel -frame department store. The 
range in such a case is about 1000 feet. 
When in a frame building or out in the 
open, the range is considerably greater. 

This kind of signaling system can be 
used by a TV service technician or any- 
one else who has a mobile telephone. The 
signaling transmitter can be at a fixed 
location or in a vehicle. 

Equipment Required 
The "Pagemaster" is made by the 

Stromberg -Carlson division of General 
Dynamics /Electronics. It fits neatly in 
a pocket and operates for months with - 
out requiring a change of its self -con- 
tained mercury -cell battery. 

The receiver, as shown in the block 
diagram of Fig. 4, employs a super - 
regenerative circuit. The receiver out- 
put feeds a vibrating reed frequency- 
selective decoder. It is normally mute. 
But, when it receives a radio signal 
modulated by a tone of the right fre- 
quency, the decoder trips an audio os- 
cillator and the "Pagemaster" issues a 
tone that can be heard several feet 
away. 

These receivers are available with a 
single -tone decoder or one that requires 
a combination of tones to trip it. If you 
have several pocket receivers and want 
to signal each one individually, you'll 
probably want the multi -tone type, each 
receiver set to respond to a different 
code. For most small establishments a 
single -tone type of receiver will suffice, 

ORIGINAL TRANSMITTER 

R.F. POWER AMP, 
807 

EXISTING GRID 
RESISTOR 

C4 

METERING 
JACK 

R4 
IOK 

.ol 

particularly if only one man is to be sig- 
naled. 

At the shop you will need an AM 
transmitter and a tone modulator. You 
can license the transmitter in the Busi- 
ness Radio Service if the transmitter has 
FCC "type acceptance." When licensed 
in the Business Radio Service, you have 
a choice of five frequencies : 27.235, 
27.245, 27.255, 27.265, and 27.275 mc. You 
can drive the final r.f. power amplifier 
stage at up to 30 watts input. 

Or you can license your radio- signal- 
ing transmitter as a class C Citizens 
Radio station. You won't need a type - 
accepted transmitter. You can build 
your own or modify an existing trans- 
mitter, provided power input to the final 
stage is kept to 30 watts or less, and the 
transmitter is crystal -controlled. 

However, if licensed as a class C Citi- 
zens Radio station, you can use 30 watts 
(input) only if you operate on 27.255 
mc. If you operate on any of the other 
class C Citizens channels, power input 
to the final is limited to 5 watts. You'll 
need 30 watts if you want to get maxi- 
mum range. Since the receiving antenna 
is self -contained and close to the body, 
it isn't as effective as a regular mobile 
antenna. You'll need as much transmit- 
ter power as you can legally use. 

Range also depends upon the trans- 
mitting antenna. If licensed in the Busi- 
ness Radio Service, and the transmitter 
is at a fixed location, there is no limit on 
antenna height, except when the an- 
tenna is a hazard to aircraft. But, in the 
Citizens Radio Service the tip of the an- 
tenna must not protrude more than 20 
feet above the surface to which the an- 
tenna support is mounted, be it the 
ground or roof of a building. 

If you build your own transmitter, you 
can get some design ideas from amateur 
handbooks and magazine articles since 

TONE GENERATOR 

i LI 

áÒ 66ö 

fr 

18K 
C3 

of 
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1/2 12AÚ7 

R2 00K 

Fig. 2. Circuit diagram of tone modulator. 
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R3 
1000 

the transmitter is almost the same as a 
10 -meter transmitter for radio amateur 
use. 

The FCC requires that the transmit- 
ter be crystal -controlled and its fre- 
quency stability must be 0.005rif or 
better. Or, you can modify a second- 
hand FM transmitter as was done for 
the photographer. Be sure to check with 
your local FCC office or the FCC Rules 
and Regulations to make sure that the 
installation will meet all legal require- 
ments. 

Alternate Methods 
Instead of tone signaling, you can use 

voice paging. Several belt and pocket 
FM receivers for the 25 -54 mc. and 144- 
172 mc. bands are available. To use 
these receivers it will be necessary to 
use an FM base transmitter which can 
be licensed only in the Business Radio 
Service, and which must be FCC type- 

TO TUBE 
TO 

DYNAMOTOR 

HEATERS INPUT 

RLI 

ON 

12 VOLTS 
D.C. 

RL2 

RL3 

TO MOBILE 
TELEPHONE 

Fig. 3. Control circuit used by author. 

SUPER - 
REGENERATIVE 

DETECTOR 

t 
FREOUENCr- 
SELECTIVE 

DECODER 

roNC 

ENERAroR 

SPEAKER 

Fig. 4. Block diagram of pocket receiver. 

accepted. It is a very complicated pro- 
cedure to get approval to use a home- 
made transmitter in the Business Radio 
Service. 

You can use AM portable transceivers 
and a Class D Citizens Radio unit as a 
base station, but the range will be short 
since transmitter power is limited to 5 
watts. 

Another alternative is to use a 30 -watt 
AM voice transmitter, licensed in the 
Business Radio Service along with 
pocket paging receivers. But you will 
have to hold the receiver to your ear at 
frequent intervals to determine if there 
is a call for you. 

Tone signaling is more practical be- 
cause you will not have to monitor all 
transmissions to intercept calls. The 
pocket receiver is turned on at all times 
and "beeps" only when you are being 
signaled. 

You can buy a used 30 -40 mc. base 
transmitter for around $100. You should 
budget at least $50 more for modifica- 
tion of the transmitter, construction of 
a tone modulator, and an antenna. The 
pocket paging receivers cost about $125 
each. 
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VOLTACE CON VERSION 
NOMOCRAM 

By DONALD MOFFAT 
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Technicians will find this chart helpful in changing sine -wave voltages and 

currents to average, effective, peak, and peak -to -peak values by use of ruler. 

THERE are four ways to express 
an a.c. voltage and each is advan- 
tageous in certain applications. 

For instance, when a voltage is used to 
heat tube filaments we are interested 
in its heating or effective I r.m.s.) value, 
but when it is used to calibrate an oscil- 
loscope, we want its peak -to -peak 
value. The nomogram makes it con- 
venient to convert from any value to 
any other equivalent value. 

For example, suppose you have a 
transformer with a 300 -volt center - 
tapped secondary and want to know the 
maximum d.c. you can obtain by using 
it in a full -wave power supply. 

The maximum voltage will be ob- 
tained when very little current is drawn, 

30 

at which time the filter capacitors will 
charge up to the peak voltage. There- 
fore you want to know the peak equiva- 
lent of 150 volts r.m.s. (the known 
voltage measured to one side of the 
center -tap). 

From 150 on the first scale, draw a 
straight line through "RMS-Peak" on 
the center scale and extend the line to 
cross the last scale, as shown clotted on 
the chart. At the crossing on the last 
scale, read the equivalent peak value 
of 212 volts. 

Extending the Scales 

The range of the scales can be ex- 
tended indefinitely by moving the deci- 
mal point the some number of places, 

in the some direction. on both outside 
scales. Il you are working in the region 
of 10,000 volts, move the decimal point 
three places to the right on both scales 
and then the 10 on each outside scale 
becomes 10,000. 

Because the same conversion factors 
apply, this nomogram can be used for 
the conversion of sine -wave current as 
well as voltage. 

One caution. however. The relation- 
ship between any two methods of speci- 
fying a voltage is a function of the 
waveshape, duty factor, and other char- 
acteristics. Because a sine wave is the 
waveform which is most often expressed 
in different ways, this nomogram has 
been prepared for sine waves only. 
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Fig. 1. Top view of the completed FM- multiplex 
adapter shown practically full size in this photograph. 

TRANSISTORIZED 
FM- MULTIPLEX STEREO ADAPTER 

By LARRY BLASER / Fairchild Semiconductor 

Design and construction of a simple adapter using new 
silicon planar transistors in a switching -type circuit. 

THE ideal stereo multiplex adapter 
is one which can be incorporated 
into the tuner or hi -fi console as 

though it were originally designed for 
it. A transistorized adapter can most 
closely meet this ideal because of its 
small size and simple power require- 
ments. 

Transistors used in the multiplex 
adapter to be described are planar n -p -n 
silicon types. They give high input im- 
pedance, high breakdown voltage, with- 
stand high cabinet temperatures, and 
assure long trouble -free service. 

Such n -p -n silicon transistors are no 
longer too expensive for entertainment 

L-R 
LR SUPPRESSED CARRIER 

9KC 
PLOY 

STORECAST 
MUSIC 

O IS 19 3 3e 53 61 
FREQUENCY -KC. 

Fig. 2. Complete frequency spectrum o an 
FM broadcast station transmitting stereo. 

use. Formerly they were high priced and 
restricted almost exclusively to military 
equipment, but during 1961 prices de- 
clined considerably to make them very 
attractive for use in commercial and in- 
dustrial equipment. 

The transistorized adapter described 
in this article and shown in Fig. 1, was 

built by the Applications Section of Fair- 
child Semiconductor. It occupies a space 
of only 4" x 4" x l;í"; yet despite this 
small size, its simplicity, and modest 
power requirement, it has a performance 
comparable to or better than many of the 
larger, more cormplicated, and costly 
adapters now available commercially. 
This adapter, which requires no switch- 
ing to receive both multiplex and mono- 
phonic FM broadcasts, has no external 
controls to add to the operating complex- 
ity of the high- fidelity system. 

Multiplex Demodulation Systems 
Multiplex adapter designs use one of 

Fig. 3. Complete block 
diagram of the conven- 
tional matrixing-type 
FM multiplex adapter. 

FM 

TUNER 
MULTIPLEX 

OUTPUT 

15-KC 
LOW-PASS 

FILTER 

two basic systems. The more common is 
the matrix system in which the subcarrier 
channel and the main channel are sepa- 
rated, a synchronous 38 -kc. signal is 
added to the subcarrier channel, and this 
subcarrier signal, along with the re -in- 
serted carrier, is demodulated, then 
added to and subtracted from the main 
channel in a matrix. In the other system, 
which is used in this transistorized 
adapter, the composite multiplex signal 
is sampled at a synchronously controlled 
rate of 38 kc. 

Before analyzing and comparing the 
two demodulation techniques, it would 
be well to briefly review the multiplex 
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FM 
TUNER 

MULTIPLEX 
OUTPUT 

19 KC 

REJECTION 
FILTER 

19KC 
PASS 

FILTER 

67-KC. 
REJECTION 

FILTER 

38-KC. 

LOCKED 
OSCILLATOR 

38 KC 

SAMPLING 
AND 

DE- EMPHASIS 

38KC. L 180° 

STEREO 
OUTPUT 

-OL 
-OR 

Fig. 4. Complete block diagram of the time -multiplex type of adapter described here. 

VCC=+ISV, IS0K 

0.10. 

LEFT 

STEREO 
OUTPUT 

T o02 KI. 
NOTES: 
71 -MILLER 1352 (67RC.) VI -FAIRCHILD S -3330 
72,73- 1354 119A .) V2,V3,V4- S -3320 
74 H 13551314C.I CRI,CR2,CR3,CR4 -FO100 OR EQUIVALENT 

Fig. 5. Complete schematic diagram of transistor multiplex adapter. The transistors 
used are special low -cost silicon planar types. These are available from Fairchild 
Semiconductor distributors at $2.75 each. Specifications for these transistors are 
also available from the distributors or directly from the company at 545 Whisman 
Rd., Mountain View, Calif. The manufacturer may also be contacted for the names 
and locations of his distributors. Standard transistor types that may be substituted 
for the ones indicated in the diagram are the following higher -priced units: for V,, 
2N957; for V., V., and V,, 2N910, 2N911, 2N1711, 2N1973, 2N1974, and 
2N1983. The four crystal diodes are Fairchild silicon planar computer types. But 
these are not too critical and general -purpose video- detector diodes may be used here. 

system that was approved by the FCC 
in April 1961. 

Multiplex Transmission 

Stereo multiplex broadcasting requires 
that there be two channels for carrying 
information. For such a system to be 
compatible with monophonic receivers, 
that is, receivers without multiplex 
adapters, it was decided that the main 

channel which the monophonic listener 
hears should contain the sum of the left 
and right stereo channels. L - R. The 
subcarrier channel is modulated with the 
difference between the two stereo sig- 
nals, L - R. The carrier frequency of 
the subcarrier channel is suppressed to 
avoid transmitting a large signal that car- 
ries no information. However, to detect 
a suppressed carrier signal it must be 

Fig. 7. Waveforms that illustrate how time- sharing takes place 
when the applied signal is the same as shown in part D of Fig. 6. 

Fig. 6. A number of multiplex signals at the output of the 
receiver detector for special cases of left and right signals. 
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Vcc 

2 

VCC 

possible to reproduce the carrier at the 
receiver in the correct phase relation- 
ship. To do this, a small pilot signal of 
half the subcarrier frequency and of a 
fixed phase relationship to it is added to 
the composite multiplex signal. 

The FCC has approved, in addition, a 

second subcarrier at 67 kc. to be used 
for commercial background music. The 
complete multiplex spectrum is shown 
in Fig. 2. 

Mat ia Adapters 
In the matrix system the main channel, 

the 19 -kc. pilot signal, and the :38 -kc. 
subcarrier channel are separated from 
the composite multiplex signal by filter- 
ing. The 19 -kc. signal locks an oscillator 
having a 38 -kc. output. This :38 -kc. 
signal, which must be in -phase with the 
original 38 -kc. suppressed carrier, is re- 
inserted into the subcarrier channel. The 
subcarrier is then demodulated into audio 
signals of L -R and (L - -R). Finally 
these two signals, L R and (L R) 
are added in a matrix to L - R to obtain 
stereo outputs of 2L and 211. A block 
diagram of a matrix -type adapter is 
shown in Fig. 3. 

Time-Share Adapters 
Although time -multiplex or time -share 

sampling techniques of demodulation are 
less obvious and therefore less widely 
used at present. they do offer advantages 
over the matrix system. In the time -share 
system, neither a 2:3- kc.- 53 -kc. band - 
pass filter nor a 15 -kc. low -pass filter is 
required and the problem of balance in 
the matrix is eliminated. 

To better understand the time- multi- 
plex system it will be instructive to ex- 
amine a number of multiplex signals at 
the receiver detector output for special 
cases of left and right stereo signals. To 
simplify the illustrations of Fig. 6. the 
I9, -kc. pilot signal, which is normally a 

part of the composite signal that is 

CR3 

CR2' 

2R 

2L 
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transmitted, is not included here. 
In the time -multiplex system, the com- 

posite signal, less the 19 -kc. pilot, is alter- 
nately sampled by a left and right circuit 
at a 38 -kc. rate. As in the case of matrix 
demodulation, the 38 -kc. sampling must 
be in -phase with the original 38 -kc. sup- 
pressed carrier signal of the subcarrier 
channel. 

Note that if L and R are zero, as in 
Fig. 6A, L -}-R =0 and L -R =0 and 
since the subcarrier is suppressed, the 
output from the tuner detector is zero 
(except, of course; for the 19 -kc. pilot 
signal which has a constant amplitude 
and is independent of L and R signals). 
If L and R are equal, as in Fig. 6B, there 
is no 38 -kc. component in the multiplex 
signal and 38 -kc. sampling by two cir- 
cuits will yield identical outputs. If, how- 
ever, L and R are different, as in Figs. 
6C, 6D, 6E, and 6F, the multiplex signal 
will contain a 38 -kc. component that has 
envelopes of 2L and 2R. 

In the time -multiplex system, the com- 
posite multiplex signal is sampled at a 
38 -kc. rate in such a manner as to re- 
cover these envelopes from the composite 
multiplex signal. Fig. 4 is a block dia- 

8+ 

8+ 

IOYf./25V. 

FD- 
MCC =15V. 

ICC-7MA. 

TRANSISTOR 
MULTIPLEX 

ADAPTER 

J- 
Fig. 8. Series -dropping resistor calculations. 
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1 I 
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19 -RC. 
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Fig. 9. Phase relations between the multi- 
plex signal and the 38 -kc. sampling signal. 

Fig. 10. (Al Typical Foster -Seeley discriminator whose frequency response can be 
improved so that it may be used with the adapter. IBI The modified discriminator 
circuit along with an emitter -follower to permit the use of long connecting cable. 

DISCRIMINATOR 
TRANSFORMER 

IE 

Olyf 
MULTIPLEX 

PUT 

68K 

(AI 

gram of such a time -multiplex adapter. 

Time -Multiplex Adapter 
Fig. 5 is the circuit diagram of an 

adapter which uses the time -multiplex 
system of demodulation. V, provides a 
high -impedance input with a 19 -kc. reso- 
nant tank in the emitter. This tuned cir- 
cuit makes the impedance in the emitter 
circuit of V, high at 19-kc., thereby re- 
jecting the 19 -kc. component of the 
multiplex signal in the collector circuit 
of V,. The 67 -kc. storecast music sub - 
carrier, if present in the multiplex spec- 
trum, is rejected by the tuned circuit of 
T.. V_ is an emitter- follower to provide 
a low- impedance voltage source to the 
time-share circuit associated with T.. 

The 19 -kc. signal across Lis amplified 
by V:: and locks the oscillator -doubler cir- 
cuit of V. The composite multiplex sig- 
nal, less the 19 -ke. pilot signal, is super- 
imposed on the synchronous 38 -kc. bal- 
anced output of T.. Diodes CR. and CR. 
produce one stereo output and CR_ and 
CR:, the other. To illustrate how time- 
sharing takes place, refer to Fig. 7. This 
shows the signal of Fig. 6D where L = 1 
and R = 0 superimposed on the 38 -kc. 
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B+ 

DISCRIMINATOR 
TRANSFORMER 

000 ohms shunted by 20 µµf. Current 
drain is only 7 ma. so that power can be 
supplied from a tube receiver 'B +" 
supply through a dropping resistor, as 
shown in Fig. 8, or from a self -contained 
battery. 

Alignment of the Adapter 
Connect the adapter to the multiplex 

output of an FM tuner that has a de- 
tector output of 0.5 to 1 volt r.m.s., cor- 
responding to 100% modulation, and a 
frequency response to 53 kc. The con- 
necting cable should be short, preferably 
less than 18 inches, in order to avoid a 
high cable capacitance which could at- 
tenuate the high -frequency components 
of the multiplex signal. Tune to a station 
that is broadcasting multiplex stereo and 
with any general- purpose oscilloscope, 
observe the 19 -kc. pilot signal at terminal 
1 of T_. Carefully adjust T. until this sig- 
nal has a maximum amplitude. Next at- 
tach the oscilloscope input to terminal 4 
of T.. Synchronize the oscilloscope with 
the 19 -kc. pilot signal at terminal 1 of 
T:. Lock the oscillator output to the 19- 
kc. pilot and obtain a maximum ampli- 
tude 38 -kc. signal by adjusting T. Adjust 

10K 
Opt 

B+IOOV. 

O lyf. 
MULTIPLEX 

OUTPUT 

68K 

68K 

balanced output of V.. These two signals 
are rectified by diodes CR., CR_, CR.:, 
and CR.. The outputs of each diode are 
shown in Fig. 7B. 

The voltages of Fig. 7B are applied 
to the 150,000 -ohm resistors in the de- 
emphasis network and the resultant 
stereo output for L = 1 and R = 0 is 
shown in Fig. 7C. 

Separation of the adapter is about 25 
db at 1 kc. The 19 -kc. rejection is greater 
than 20 db and 38 -kc. rejection greater 
than 30 db below one volt. The required 
signal -level input is 0.5 to 1 volt r.m.s. 
corresponding to 100% modulation. The 
adapter input termination is about 250,- 

Fig. 11. An amplifier 
that may be utilized 
with low- output tuners. 

INPUT .l - `J 

VI- FAIRCHILD S -3330 
le) 

TI until this signal most closely resembles 
a sine wave. 

Finally, vary the phase of the 19 -kc. 
pilot by a slight re- tuning of T_ to put 
the 38 -kc. sampling signal exactly in- 
phase with the original suppressed 
carrier of the subcarrier channel. This 
can be done by listening to the left and 
right outputs of the adapter and adjust- 
ing T, for maximum separation. A more 
precise method of making this adjust- 
ment is to alternately observe the phase 
relation between the multiplex signal at 
the emitter of V. and the 38 -kc. sam- 
pling signal at terminal 4 of T. while 

(Continued on page 73) 

VCC- +15V. 
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Low -Cost Microwave System 
7:i.s toicroumre relay .caution near Rilli,gc. i/ontuna is part of the 11.1..1 

in.clullarliom of the new 'II,, mielorcarr sidrru being p, 1'1101,4 In \\ etern 
Elect i1'. The sr :.lend rr,r, ,erelopel u. a torr -rosi. /;g/114Hr/fir .ist.a, I,. 

merl telephone Coaopaaties' 111,4, 1111 fluor eronontirfil ft,ursrr,is'iorr 01'11 

distnurrs up ta, 21)11 mile.. The ',olio Irhn it be used 101 11,11 su: itl ing 
mite. 11111x. and l,leli pc:frihr r,e.u,rgrs all e1' short ultcs. ld,r .r.lrm n -ill 
handle up lo 21/11 siooulltneoa I1 /.phone romelsilbois ,,, 1l tao leruinol 
stations nad up h, raine inter mediale relay shiljons .pared fil internal. 
III rnlging IS mile.. I I. is elIrerlyd to he ',pc, iallc Ilse/ill its ligh I/a pop- 

ulated as ,n nul r, plat 'Whiz: 1, fa posa 011 m,rtari Inms,nission 

RECENT 
DEVELOPMENTS 
IN ELECTRONICS 

Electronic Ignition System 
lo electrani, i_nili,, :: .1'.l, :,,u ,,,:. ,Ind 111, 1:. 11'1, on reilyd neenllf 

la \lolarola. Thu men .,.lern .01111014lrh 1 /inli0al the /111'111 :el points 
nut capacitor in the II i.lrihitter, IAhearn III right in photo) and sepias,: 
Ihrs, lrith u small uurgnr( ie pulse:lnlnrhu /shonn Ill left/ lehirl1 trill 
11s1 Ihr lilrlie.ir oÍ the uutourohi /1. in,r m, roanrrl., air "Hide aal /nuLrn 
in Ihr pals.'- ge11,r0 /fir. 1 /,ere is n stern n1' a,!III. /meal needed. .1 transistor 
park, amplifier is also us111. The mvr system i. Ireing Ie.sterl hr se: rral rut 
manufacture,.. 

.41R 

Coast -Guard Alarm Generator 
The net I ,,,!,r Guard l'1-pound alurol- signal gun, r,,1e1 for the radin - 
leleplronr dish, ss Ir ryur11, i. 1182 l;1'.. i, shu . This gene, Wtal . 

rev:milt installed ill San 1' ,n11risr0 01111 'alt )011, js 101'11 III 011'11 all 
.chsliuns 1111 11 dislrrs' 1.,.. 1ge is about Ir. be II011.nlilled 01111 Ile vil viii 
110,1-dish Va Ir afli,' i, r sn,1` lit nard. The dislilla'lirr s,mrlrl of thc alarm 
signal r,onists 111 Nro e, '11 221111 and I.Olsi, , p, Irhir/ utter00le tour 
titles 1'0, h sa road. Torr 1.101,1 is inlr'1e.ne/ in tee eir'ing repeals 110 

Ike re, eplion i 1'1 , 'd11' .;Runt. 

Electromagnetic Metal Former 
The first electromagnetic metal-forming machine has 
been dc:eloped und placed all the marhel 1 Gfirrcrl 
I)numir The mm-rin emploi, II leragneti, till alms, 
pana lut import is applied l0 the metal trod, pi ,1'r in 
pulses of II) to ?II microseconds with pressures of mole 
Nunn .01 .1100 pounds per .co¡tlun, inch. ',,lias fil :dumi- 
tutm tithing shown in photo are joined when plmrd in 
a sp,eilll roil through lehirer a high-curlew pulse Nous. 
The giant pressures produced can be used to compass 
oohing and to altarlu terminals onto cables. 
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Long- Distance Radio Relay 
Microwave equipment, capable of handling 2.4- million 
words per minute, is inspected at RCA's Camden. N.J. 
plant prior to shipment for installation in Western Union's 
5300 -mile transcontinental microwave radio relay system. 

Each of the system's 236 repeater stations will be equipped 
with two of the transmitter -receiver racks like that shown 

in the foreground. 

Desk -Size Analog Computer 
A new entry in the computer market is this general - 

purpose analog computer introduced by Electronic As- 

sociates, Inc. The new unit has sufficient capability and 

accuracy to solve complex engineering and research 

problems. yet is of such size that it can be placed on 

a desk or a cart in a lab. It is completely transistorized 
and requires no special environment or power supply 

so that it can be moved easily. The new computer is 

housed in a single cabinet which measures 47" long, 
25" high. and 20" deep. It weighs 275 pounds. In addi- 

tion to its use in industry, the desk -size computer 

should be useful as a training or research tool for tech- 

nical schools or colleges. 

Radio- Frequency Darkroom 
This microwave darkroom is in use at the Air Force Special 
lliapons Center. Albuquerque. New Mexico to help de- 

velop space -probe telemetry and nuclear weapons fitze sys- 

tems. The aneehoic r.f. chamber is 46 x 21 x 16 feet in size. 

Ifitlls are covered with 26 -inch long pyramidal sections of 
rubberized hog hair impregnated with carbon for maximum 
absorption. Design prevents antenna pattern distortion and 

simulates space -transmission environment. 

High- Temperature Resonators 
Bell Telephone Laboratories' scientist is shown placing a 

quartz crystal into a furnace for electrolysis treatment. At 
least 500 volts per cm. is impressed across the crystal as 

it is kept at a temperature of 500 °C for 24 hours. The 

electrolyzed quartz is then rut into wafers which can be 

used as frequency -control resonators at temperatures higher 
than is possible with ordinary quartz. 

March, 1962 35 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


SOLID -STATE 

OPTICAL MASER 

OPERATES 

CONTINUOUSLY 
Steady milliwatt oscillations produced 
by the use of neodymium- containing 
crystals with low power threshold. 

Optical maser configuration. When in place, neodymium crystal 
is at one focus of elliptical cavity, pump lamp at other focus. 
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Neodymium in calcium tungstate crystal used in continuously 
operating optical maser is shown being pulled from the melt. 

SCIENTISTS at the Bell Telephone Laboratories an- 
nounced recently the achievement of continuous op- 
eration in a solid -state maser. The active medium is 

a single crystal rod of calcium tungstate containing the rare 
metallic element neodymium. The maser radiates in the 
infrared portion of the frequency spectrum. At present, the 
power output is in the milliwatt range. However, substan- 
tially higher powers are anticipated. 

The new development removes the restriction of a pulsed, 
intense pumping light, and optical maser oscillations are 
maintained continuously. The experiments open up the pos- 
sibility of combining prolonged operation, hitherto possible 
only with the gaseous optical maser, with high output power, 
attainable more easily in solids. Calcium tungstate contain- 
ing neodymium is particularly favorable for continuous 
operation because of its low power threshold, or point at 
which optical maser action commences. 

The recent experiment was conducted using an optical 
system consisting of a special housing for the maser rod. 
This is an elliptical cylinder whose walls are silver plated 
and highly polished. Placing a high -power d.c. lamp at one 
focus of the cavity serves to concentrate the pumping light 
on the maser crystal placed at the other focus. The appara- 
tus also contains a system to remove heat from the crystal 
and an optical filter to exclude unwanted ultraviolet light. 

Maser action is obtained when power fed to the d.c. lamp 
exceeds 900 watts. In the experiment, continuous oscillation, 
with no detectable decrease in amplitude. was observed for 
five minutes and there is every reason to believe that it could 
have been continued for substantially longer. 

In a solid -state maser, electromagnetic oscillations at a 
visible or infrared frequency are generated through the 
process of stimulated emission. The crystal rod, whose ends 
are highly polished to a slight convex curvature and silvered, 
is excited by the pumping light from a bright lamp. The 
result is a coherent optical wave which travels up and down 
the rod, some of it escaping from the partially reflective 
ends. Until now, the power requirements of the pumping 
light have been so severe that they could only be met by use 
of a flash lamp, permitting the solid -state optical maser to 
oscillate for only a few milliseconds. 

Optical masers (sometimes called "lasers ") may be used 
in the future to generate carrier signals that will handle 
many communications channels for outer -space transmis- 
sions. 
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SIMPLE TAPE RECORDER 
REPAIRS 

Unless you're 

a specialist, even a 

popular unit is baffling. 
This basic troubleshooting 

guide will get you headed in 

the direction of the fault 
on a common home re- 

corder in all but a 

few cases. TF YOU are a service technician who 
gets an occasional tape recorder to 
work on, troubleshooting may be 

a problem. To the specialist in this line. 
however, most repairs may be just as 
routine as those on a TV set are to you. 
After all, most TV receivers try to pro- 
duce the same, general result : a satis- 
factory picture with its accompanying 
sound. Inevitably then, most sets will 
have more similarities than differences 
and you will use the same, general 
methods. Since all tape recorders have 
a common purpose, a similar rule can 
be applied to them, especially the non- 
professional machines intended for 
home use. 

The tape -recorder specialist, like his 
opposite number in TV, not only is adept 
at common problems but has progressed 
to familiarity with the peculiarities of 
individual designs. He will be ahead of 
the material treated here. For the non- 
specialist, it is cheering to note that 
most home recorders share many com- 
mon features and therefore common 
types of defects. Even without consider- 
ing trick circuits and esoteric mechan- 
isms. he can handle all but a few, rare 
defects with a generalized understand- 
ing. 

Before considering defects, let us 
consider the major functional parts of 
any recorder. In Fig. 1, we have di- 
vided the mechanical portions into the 
tape transport or drive and head as- 
semblies. Electronic portions are the 
audio and bias -erase sections. This di- 
vision is convenient because it is usually 
quite simple to identify a defect within 
one of these four areas before pinning 
down the exact trouble spot. 

The tape transport system includes 
a motor ( perhaps two), various drive 
belts, wheels, brakes, clutches, springs, 
and other mechanical parts. Their pri- 
mary functions are to move the tape 
past the heads during recording or play- 
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back at a controlled rate, from supply 
reel to take -up reel, to stop tape motion 
when desired, and to reverse the direc- 
tion of tape travel- usually for rewind- 
ing tape back to the supply reel at in- 
creased speed with no contact between 
tape and the heads. 

The capstan, here shown driven by 
a motor through a belt, controls the 
rate of tape motion. The idler, although 
it is not driven, presses the tape against 
the capstan so that there will be no 
slippage at this point. If the two reels 
were driven at constant rotational rates. 
the speed of tape travel past the heads 
would vary. This would happen because 
the amount of 
tape on a reel in- 
creases or de- 
creases, and thus 
the effective di- 
ameter of the reel 
changes. Conse- 
quently a certain 
amount of slip- 
page is permitted 
in driving the 
reels, usually by 
allowing some 
slack in a drive 
belt. The reels 
can then accom- 
modate their ro- 
tation rate to the 
fixed speed estab- 
lished by the cap- 
stan. Not shown 
in Fig. 1 is an 
additional drive 
wheel that is 
brought into play 
mechanically to 

reverse the direction of motion during 
rewinding. 

Although the head assembly shows 
three units, some recorders use only 
two: a single head may be used alter- 
nately, with appropriate switching, for 
recording and playback. The pressure 
pads simply press against the moving 
tape to keep it in good contact with 
the heads. 

In the electronic portion, the heart 
of the erase -bias section is a supersonic 
oscillator that, during recording, drives 
the erase head and is also applied to 
the record head as an a.c. bias that pre- 
vents distortion. This circuit performs 
no function during playback. 

The audio stages provide signal am- 
plification during recording and play- 
back. As a rule, the same circuitry is 
used in either mode. Input and output 
connections (Fig. 1) are switched, as 

Fig. 1. Principal sections in all types of tape recorders. 

REC. r 
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:PLAY 
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(FOR REWIND) 
Fig. 2. The drive sys- 
tem in this Magne - 
cord, more elaborate 
than most home ma- 
chines, uses two motors 
and two flywheels. 

Fig. 4. To avoid re- 
assembly problems, 
it is wise to make 
a rough sketch, like 
the one here, show- 
ing only those parts 
involved in their re- 
lation to each other. 

(FOR CAPSTAN) FLYWHEELS 

well as the different compensating net- 
works used in the two positions. 

Tape Transport Defects 

Tape -drive failures may be obvious 
even to the non -technical owner. If, for 
example, the take -up reel is not turning 
or not turning fast enough and tape 
piles up instead of being wound onto 
the reel, the latter's drive belt or per- 
haps a friction spring that may be hold- 
ing it is probably loose or broken. Some- 
times the shaft for the reel is frozen 
or stuck in its bearings. Similarly, if 
malfunction occurs only during rewind, 
the reversing wheel or the cam driving 
it is defective or is not being brought 
into position properly. Such diagnoses 
are simple - --but repairing the defects 
are more difficult. The problem is less 
that of taking equipment apart and 
locating the faulty member than of 
ending the job with all parts put back 
in place properly. 

Part of a typical, relatively simple 
drive mechanism is shown in Fig. 3. 
One belt goes from the main motor 
shaft to the flywheel mounted on the 
capstan shaft. This belt will be rela- 
tively taut to prevent slippage. The 
flywheel improves smooth, steady op- 
eration of the capstan. Indirectly driven 
by the motor, through coupling that is 
not shown in this view fully, is another 

belt for driving the take -up reel, with 
a controlled amount of slippage. The 
latter is affected by adjustment of the 
tension idler. The shaft that drives the 
second belt also rotates the supply reel 
through a rim -friction drive that re- 
sembles the rim -drive method used in 
many phonograph turntables. In the 
illustrated unit, the reversing mechan- 
ism for changing direction and speed 
of this rim drive is out of sight under 
the mounting plate. 

A rear view of another recorder, in 
Fig. 2, gives some notion of the diversity 
that may be found. Nevertheless, all 
drive systems are the same in principle, 
and functional identification of corre- 
sponding parts can be determined by 
observation of action during operation. 

To replace a belt, adjust a spring, or 
even lubricate a part, some disassembly 
may be necessary. And here is where 

Fig. 3. The layout of major transport -system parts in a Heath tape recorder. 
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IDLER 

SPINDLE FOR 
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trouble can begin. Removing a spring, 
"C" washer, or locking pin is easy, but 
correct re- assembly will not be auto- 
matic. Does the washer go over the 
flywheel or under it? Does the spring 
clip into this hole or around that lug? 
Which end of the locking pin goes 
where? The penalty for an error may 
be improper operation or even damage. 
We can turn a simple, mechanical as- 
sembly into a nightmare. But we can 
also do the opposite by following a few 
rules. 

The manufacturer's service data is 
obviously an important aid. If available, 
it should be consulted before a screw- 
driver is touched. If it cannot be 
obtained readily or is less than fully 
adequate, we still have two tricks 
left, either or both of which can he 
used. One involves making a rough, 
simplified sketch only of those parts 
that will be dealt with and labeling 
them. Fig. 4 shows how this was done 
with part of a drive mechanism that 
had to be taken down and disconnected 
from the motor. 

The second method involves taping 
parts together, clearly positioned with 
respect to each other, as they are re- 
moved. For example, screws and springs 
can be taped directly to the holes in 
which they belong with small strips of 
masking tape. This does more than 
give us a good idea of how things fit 
together again -it also avoids time lost 
in hunting for small parts. 

So much for general procedures and 
obvious malfunctions. There are many 
other types of drive troubles that are 
both common and not peculiar to just 
some machines: 

1. Tape tends to break. Too much 
tension is being applied to the tape 
by some drive member other than the 
capstan -idler combination. There may 
be too much drag on the supply reel 
(not enough slippage) or too much pull 
on the take -up reel. The belts or wheels 
driving these may be too tight. If fric- 
tion clutches or springs are used, they 
may also need adjustment. Worn pres- 
sure pads or freezing of a roller shaft 
reel spindle may also be responsible. 

2. Tape piles up at one reel. This can 
occur at either the supply reel or take - 
up reel. Drag or braking action on the 
affected reel is improper. Depending on 
particular conditions, it may be exces- 
sive or insufficient. Friction applied to 
the reel shaft may need adjustment. If 
a drive belt is used, it may need tension 
adjustment or replacement. If pile -up 
occurs only when the drive mechanism 
is turned off, a braking element that is 
applied to one wheel mechanically by 
the turn -off mechanism needs adjust- 
ment. 

3. Speed changes during play. If speed 
increases, the take -up reel is providing 
too much pull as it becomes fuller. If 
speed decreases. the supply reel is pro- 
viding too much drag as it empties. 
While reel tension can be involved, the 
trouble is most likely in the capstan 
drive system. It is not acting as the 
main tape drive, permitting reel action 
to take control of speed. The capstan 
belt may be loose. There may not be 
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enough pressure on the capstan from 
its pressure idler or roller. 

4. Mechanical noise. Usually this is 
heard as a hum or rumbling in one mode 
of mechanical operation. If it appears. 
for example. only during rewind, the 
problem is obviously confined only to 
the drive elements used in this function. 
Adjustment and lubrication are more 
likely to be needed than part replace- 
ment. It is sometimes hard to localize 
the noise to a specific shaft, belt, or 
gear. A general lubrication and adjust- 
ment is often the easiest remedy. An- 
other reason for this recommendation 
is the fact that, if one part shows a need 
for lubrication, there has been a gen- 
eral drying out and other parts will 
probably need it soon. 

Some notes about lubrication proce- 
dures and lubricants are in order here. 
The use of manufacturer -issued data, if 
possible, is of considerable importance 
in this area. Different companies often 
recommend very different lubricants. 
For example, the Heath Co. seems to 
prefer Guljcrest :41 or any #20 motor 
oil. whereas Revere calls for any #10 
oil and Webeor prefers "Liqui-Moly" 
NV grease for all sliding parts. 

These general preferences may be of 
some assistance if service data is not 
available, but they are not likely to 
provide full answers to all lubrication 
problems. Sometimes more than one 
grade of oil is used on different parts in 
the same machine. Larger moving parts 
may require a heavier grease whereas 
a small roller may take a light oil. Some 
parts should not be lubricated. Many 
motors are of the permanently lubri- 
cated type. Many gears and other drive 
elements are made of nylon or other 
plastic. These may suffer some harm 
from lubricants. In addition, there are 
portions of any recorder that should 
never be touched by oil because slippage 
or other interference with tape motion 
will result. These include surfaces with 
which the tape will make contact dur- 
ing its passage and the contact surfaces 
of driving elements, where operation 
depends on maintaining good friction. 

Head Assembly Defects 

A record, playback, or erase head 
consists of an electromagnet whose core 
has a minute air gap, measurable in 
thousandths of an inch, across which 
the coated side of the tape is moved 
under pressure. Since just one typical. 
7 -inch reel may involve 1200 to 3600 
feet of tape travel, wear of the heads 
due to abrasion is quite a factor, and 
they must sometimes be replaced. In 
addition, the head must be properly 
aligned with respect to the position of 
the tape. 

The angle or azimuth adjustment is 
important here. With misalignment, 
there is a general loss of signal ampli- 
tude and especially a loss of high fre- 
quencies. In addition to the angular 
relationship between head and tape, the 
height of a head with respect to the 
tape must he adjusted so that the for- 
mer will fall directly over the recorded 
track, especially where more than one 
track is involved. 

March, 1962 

Note the arrangement in the Heath. 
TR -ID in Fig. 5, which has a dual play- 
back head for twin -track stereo record- 
ing but records monophonically on one 
track at a time. The VM 722 (Fig. 6) 
uses a quarter -track erase head in con- 
junction with a combined, quarter -track 
record -play head. This is designed to 
handle four tracks in the form of two 
dual tracks for stereo. An extra half - 
track head enables playback of two - 
track stereo recordings. Normally, 
tracks 1 and 3 are recorded (or played) 
at the same time; then, when the reel 
of tape is turned over, tracks 2 and 4 
work together. Arrangement of the 
Webcor 2008, another 4 -track machine, 
is somewhat different (Fig. 7) to ac- 
complish the same results. Instead of 
an extra head for two -track operation, 
the height of a single, quarter -track 
head is physically shifted. In Fig. 7A, 

ERASE 
HEAD 

RECORD 
HEAD / PLAYBACK 

HEAD 

CHANNEL 

#illira"A" 

1 LIrr.E.: 
11111 111. TAPE TRAVEL 

Fig. 5. Head -tape 
alignment on Heath's 
TR -1D tape machine. 

Fig. 7. Heads on the 
Webcor 2008 shift 
mechanically from 2- 
to 4 -track operation. 

.005' ABOVE TOP 
EDGE OF TAPE 

TRACK 

ERASE HEAD 

CHANNEL B 

talk between one track and any other. 
After adjustment, each screw should 
be locked in place with a small drop of 
cement -enough to maintain alignment 
but not enough to make future adjust- 
ment difficult. 

While head alignment is important. 
cleaning of the heads and other 
transport elements is required more 
frequently. Due to abrasive action, fer- 
romagnetic particles from the tape de- 
posit not only on the head surfaces but 
also on the capstan, pressure pads, and 
tape rollers or other guides. Often sur- 
prising quantities can accumulate be- 
fore the owner is aware that sound 
quality is affected. Sometimes more 
than one application of head cleaner 
to affected parts is necessary. 

Many commercial head -cleaning 
fluids are available for this purpose. 
Alcohol will also serve for most ma- 
chines, but carbon tetrachloride or 
detergents should be avoided. The fluid 
should also be confined only to the 
contact surfaces that are immediately 
affected, on the chance that the solvent 
may have adverse effects on cements or 
other materials in the system. Cleaner 
may be applied with a small wisp of 
absorbent cotton wrapped around the 

TRACK 

} TRACK 
RECORD -PLAYBACK HEAD 

.TRACK I___ 
sTRAÇK 2 

TRa( 3 
= iT K4 

FLUSH WITH TOP 
EDGE rF TAPE 

TAPE 

TRACK 2 

It TRACK 3 11 Ir I iitlllis 

(A) 

I/4 TRACK 1/4 TRACK I/2 TRACK 
ERASE HEAD RECORD /PLAT STACKED 

HEAD HEAD 
Fig. 6. Another arrangement allowing 
2- or 4 -track operation, used by VM. 

the record- playback head is in position 
for 4 -track operation. In Fig. 7B, it has 
been shifted down to line up for two 
tracks, one overlapping 1 and 2, the 
other overlapping 3 and 4. 

Alignment is obviously much more 
critical on quarter -track heads, espe- 
cially since crosstalk between adjacent 
tracks is to be avoided. Heads are ad- 
justed by small screws associated with 
them. These procedures may be per- 
formed with recorded tapes of known 
quality, but special alignment tapes 
are the best to use. Recorded on these 
are single -frequency tones. The adjust- 
ment screw for head tilt or azimuth is 
rotated to produce maximum level while 
a signal of relatively high frequency is 
being reproduced. This may be per- 
formed by ear. but the built -in meter 
or tuning eye or a good a.c. v.t.v.m. 
across the speaker terminals gives bet- 
ter indication. The head height or 
alignment adjustment is performed 
with alignment tape or pre -recorded 
multiple -track tape. The aim here is 
maximum over -all level and no cross- 

FS 

TAPE TRAVEL -- 
(B) 

head of a toothpick or other small stick. 
Never use a sharp instrument directly 
on the heads. 

In addition to head alignment, clean- 
ing, or replacement, installation of new 
pressure pads is sometimes required. 
These are generally small, felt rec- 
tangles glued to brass or aluminum 
arms, and they can wear out in time 
due to continued friction. They can be 
ripped off easily with a pen knife and 
tweezers. New pads should be glued 
on securely, but not with so much ce- 
ment as to saturate the felt and make 
the pad hard enough to damage tape. 

Another periodic requirement to keep 
the heads at peak performance is de- 
magnetization. although this will not 
usually have to be done as frequently 
as cleaning. A relatively high back- 
ground noise and perhaps some distor- 
tion may indicate the need for this 
operation. It is performed with a com- 
mercially available demagnetizer or a 
choke that may be plugged into the 
household a.c. line. When the instru- 
ment is placed across the air gap of 
the head, the a.c. field removes any 
permanent magnetization the head may 
have acquired. The demagnetizing coil 
should be withdrawn slowly, to a dis- 
tance of several feet, reducing the field 
around the head before coil current is 
interrupted. Otherwise a turn -off tran- 
sient in the demagnetizer may induce 
some residual, head magnetization. 

(Continued on page 106) 
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BRITAIN'S 

NEW 
RADIO- 

TELESCOPES 
By PATRICK HALLIDAY 

Description of some of the 
latest overseas installations 
along with the work they are 
doing in probing the universe. 

Fixed antenna of the Cambridge -Mullard 
radiotelescope extends to the horizon. 

MANY important discoveries 
have been macle by the pio- 
neer radio astronomers since 

the clay in 1932 when Jansky first de- 
tected radio signals from space. But 
none is more fundamental than the at- 
tempts now being macle to learn how 
the world began. 

Recently the writer was able to see 
the extremely powerful radiotelescopes 
located near Cambridge, England where 
much of this work is being carried out by 
Prof. Martin Ryle, Dr. Graham Smith, 
and their colleagues. These telescopes 
have positively identified radio sources 
out to more than 7,500,000,000 light - 
years distant. Each light -year represents 
some 20,000,000,000,000 miles. 

40 

Although cosmoslogists throughout 
the world are still hotly debating the 
results thus far announced by Martin 
Ryle -who directs the work of the 31u1- 
lard Radio Astronomy Observatory of 
the University of Cambridge, England - 
most authorities agree that these have 
dealt a hard blow to those who have be- 
lieved in the "steady -state" theory of the 
origin of the universe. 

The steady -state theory, first put for- 
ward in 1948, holds that matter is being 
constantly created everywhere through- 
out space, while the universe remains 
unchanged. This theory thus directly op- 
poses the belief of many other cosmoslo- 
gists that the world started as a highly 
concentrated primeval "atom" which 
blew apart and has been expanding like 
an atom bomb ever since. 

Ryle firmly believes that the radio - 
telescope observations so far made are 
incompatible with the steady -state the- 
ory but would seem to agree with the 
theory of the expanding universe. 

Role of Radio Astronomy 
How is it possible for radiotelescopes 

to play a vital role in this work? 
An optical telescope sees the light of 

a star not as it is at the moment of ob- 
servation, but as it was at the time when 
the light waves left the star. The bigger 
the telescope, the farther it can observe 
out into space -or in other words, the 
further back in time. As the size of op- 
tical telescopes grew, it was hoped that 
they would bring the farthest limits of 
the universe within range. But it has 
been found that visual study -at least 
from the surface of the globe -has little 
real hope of bringing the entire universe 
into view. Many fundamental problems 
seemed destined to remain unsolved. 

But the development of powerful ra- 
diotelescopes-even though less precise 
than optical telescopes -has completely 
changed the situation. They can already 
detect signal sources well beyond the 
range of the largest optical telescope - 
the 200 -inch giant on Mount Palomar, 
California. 

Observations on radio sources a billion 
light -years away are equivalent to prob- 
ing back a billion years in the history of 
the universe. If radiotelescopes can then 
be used to determine the density of radio 
sources at greatly different distances 
from earth, Martin Ryle believes that 
they can definitely prove or disprove the 
rival theories. 

Already results achieved since obser- 
vations began in 1958 clearly disagree 
with the simplest form of the steady- 

state theory, although it is admitted that 
many questions still remain to be an- 
swered. 

Ryle- internationally recognized as 
one of the great pioneers of radio astron- 
omy -has been working in this field since 
the end of World \ \'ar II. Like many 
other workers in radio astronomy lie has 
long held a ham call, G3CY, and the 
writer recalls working him on 40 -meter 
c.w. He considers that an important turn- 
ing point Caine in 1952 when his co- 
worker F. Graham Smith, in conjunction 
with \ \'alter Baade of the Mount Palo- 
mar optical telescope, identified the po- 
sition of an intense radio star as being in 
the constellation of Cygnus. Baade was 
able to photograph c hat is believed to 
be a pair of galaxies in collision -500 
million light -years away. The significance 
of this event was that it finally proved 
that intense radio sources were relatively 
few and far between. Ryle foresaw that 
this implied that there was good pros- 
pect of gathering useful data from es i r 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


more remote radio stars without the sig- 
nals being obscured by a multitude of 
nearer signal sources. All that was 
needed was a radiotelescope more pow- 
erful than any then available. 

Cambridge -Mallard Radioielescope 
A new Radio Observatory was 

planned and built some six miles outside 
Cambridge, England. This half- million- 
dollar project was financed partly by 
Cambridge University and the British 
Department of Scientific and Industrial 
Research aided by a contribution of 
$280,000 from the electronics firm of 
Mallard. The radiotelescopes then 
erected- although much simpler to build 
than the huge 250 -foot, 800 -ton steer - 
able parabolic reflector of Britain's best - 
known radiotelescope at Jodrell Bank - 
were designed to have extreme resolu- 
tion and signal collecting power. 

The two main radiotelescopes consist 
of one broadly tuned to 38 mc., equiva- 
lent to a parabolic array some 2000 feet 

One of the antennas of 
Royal Radar telescope. 

The movable section of the Cambridge -Mullord installation 

k- 1450FT.- 
65FT. 

FIXED 
I 

ARRAY I 

2600 FT 

Is-190FT. 

ü 

L. J 

MOVABLE SECTION 
ON RAIL TRACKS 

65 FT. 

1000 
FT 

operates on rail tracks. 

BOO FT BCC CT 

5000 
FT, 

_±._ 

(A) 

Fig. 1. IA) layout of the 178 -mc. Cambridge -Mulford radiotelescope 
IBI Equivalent antenna sixes if technique of aperture synthesis were 

6) 

antennas. 
rot used. 

Both parabolic antennas of the Royal Radar Establishment telescope are on tracks. 

in diameter; the second -on which much 
of the work on the origin of the cosmos 
has been carried out -is designed for 
178 mc. and uses the techniques of an 
"interferometer" combined with "aper- 
ture synthesis." 

The interferometer principle has been 
widely used in radio astronomy. \ \'hen 
two separated antennas are connected, 
the radiation pattern consists of a fan of 
narrow beams -the width of each beam 
becomes narrower as the spacing be- 
tween the two arrays is increased. That 
is to say that an interference pattern is 

superimposed on the main lobe of the 
array. The angular discrimination of the 
combined antenna is thus greatly in- 
creased over that of a single array. Ex- 
tremely accurate measurements of angu- 
lar positions arc possible on isolated 
signal sources. 

At Cambridge a further refinement 
was introduced for the first time: the 
technique of aperture synthesis. This de- 
pends on the use of a relatively small 
movable section of antenna which can 

take up, in turn, a series of positions 
relative to the main fixed section of the 
antenna. By taking observations and then 
shifting the movable section next day 
and repeating the process, the final re- 
sults- obtained by vector addition -are 
equal to those which could be obtained 
with a very much larger array. The reso- 
lution corresponds to that which would 
be achieved by exploring the sky with 
a very narrow beam produced by an an- 
tenna array of dimensions comparable 
with the widest spacing. The 178-mc. 
interferometer telescope at Cambridge 
provides results which, for many pur- 
poses, are equivalent to those which 
could be obtained from two 800 -foot by 
500-foot arrays. Yet the actual antennas 
consist only of one long 1450 -foot by 
65-foot fixed array in conjunction with 
a 190 -foot by 65 -foot movable section 
which moves along railroad tracks (see 
Fig. 1). Both sections are cylindrical 
parabolas with 65 -foot apertures. 

The advantages of this technique are 
flexibility and economy. Even though the 

(Continued on Barge 93) 
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Value 

Checker 

for 

Electrolytics 

AVE YOU ever wondered I I about the condition of the 
clectrolytics in a circuit? Are 

Ihey (trying out and losing capacitance? 
Here's a handy. compact instrument 
which provides a measurement of ca- 
pacitance directly on a meter. Further- 
more. in- circuit measurements can be 
made in many cases, thereby avoiding 
the necessity of disconnecting the ca- 
pacitor from the circuit. The range of 
5 to 200 microfarads covers most of the 
capacitors found in typical power sup- 
plies and filter networks. The tester can 
be assembled in one evening from read- 
ily available parts. 

Although lacking the range and pre- 
cision of an LCR null bridge. it is much 
more portable and easier to use. The 
test circuit applies a relatively low 
d.c. polarizing voltage to the capacitor, 
thereby avoiding a shock hazard from 
the instrument or charged capacitors. 

Circuit Operation 

Operation of the circuit is quite sim- 
ple. As shown in Fig. 2. step -down trans- 
former T, connects to half -wave rectifier 
CR, and load resistors R, and R_ in se- 
ries. C, is the capacitor to be measured. 
When C, is zero (no capacitor present). 
the waveform across R_ is a half -wave 
sinusoid as shown in Fig. 1A. The wave- 
form has a peak value of V,. and an 
average value of .32V,.. This waveform 
has a considerable a.c. component. 
which passes readily through d.c. block- 
ing capacitor C, and is rectified by the 
meter rectifier, CR. through CR:. The 
d.c. milliammeter M, responds to the 
rectified average of the current passing 
through C,. R and R, are effectively in 
series with meter M,. and R. is adjusted 
so that M, reads full scale when C, is 
zero. 

Now, if we place a capacitor. C.. 
across R. C. will receive a charge dur- 
ing a portion of the conducting half - 
cycle (interval A -B in Fig. 1B). charg- 
ing the capacitor to voltage V,.. From 
B to C. the capacitor discharges ex- 
ponentially through R. The positive 
half -cycle again recharges the capacitor 
during interval C -D. The average value 
of the waveform (V.,/ is now higher, but 
the ripple voltage is much reduced. 
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By A. A. MANGIERI 

A simple principle permits 

a modest circuit to meter 

capacitance without a bridge 

ùr other nulling device, 

The drop in capacitor voltage from B 
to C is dependent on the circuit time 
constant, R Ç.. If C. is made very large 
so that the time constant is much 
greater than 1/60 of one second. the 
capacitor will lose little voltage on its 
discharge cycle. Ideally, the waveform 
will approach a straight line as shown 
in Fig. 1C. Here, the a.c. ripple is zero 
and consequently meter M, is not de- 
flected. The average value is now equal 
to V,. 

These idealized waveforms neglect 
the effects of series resistance in the 
rectifier and R,. But such effects do not 
invalidate the general principle in- 
volved: the ripple voltage is still a func- 
tion of the value of C., being maximum 
when C. is zero and minimum when 
C, is infinite. The circuit is essentially 
a half -wave d.c. power supply followed 
by a metering circuit which responds 
only to a.c. ripple voltage. We can thus 
calibrate the meter in terms of known 
capacitance. The markings on the 
meter scale will appear reversed, as 

Fig. 1. With no capacitor IA), output 
of half -wave rectifier is unfiltered. 
As capacitance is increased (B), ripple 
amplitude is reduced and ICI finally 
eliminated by very high capacitance. 
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zero capacitance will deflect the meter 
to full scale, but this is not of great 
importance. 

Construction 

A plastic meter case was used to 
house the components. Fig. 3 shows the 
completed instrument connected to a 
capacitor under test. A front panel of 
aluminum was used to support the 
meter and power transformer. as shown 
in Fig. 4. A fiber board was mounted 
directly on the meter terminals to sup- 
port the meter rectifier diodes. Insu- 
lated lug strips were mounted on the 
bolts supporting the transformer to 
serve as tie points for other parts. 

Transformer T, provides 26 volts a.c. 
at 200 ma.: however. a 12 -volt trans- 
former may be used. Meter M, has a 

sensitivity of 2 ma.. but meters of higher 
sensitivity are satisfactory. As later ex- 
plained, for any given combination of 
parts differing from those specified, a 
value of R, is selected so that the meter 
reads full scale when C. is zero. Recti- 
fier CR, was a 1N91 germanium recti- 
fier selected because of its small size. If 
space is available. a larger selenium 
rectifier having a rating of at least 100 
ma. may be used. In fact. a 350 -ma.. 
130 -volt a.c. rectifier was tried and 
found to work well. Since the trans- 
former voltage is only 26 volts a.c.. a 
low -voltage rectifier having two plates 
may be used to conserve space. G!.'. 
through CR: form a full -wave bridge 
rectifier having a current rating at least 
equal to that of the meter. Because 
they were on hand, four 1N69 crystal 
diodes were used here, but it may be 
preferable to use packaged selenium or 
copper -oxide meter rectifiers. 

Resistors R, and R, are 5 -watt wire - 
wound units and may even be rated at 
ten watts. The higher power rating re- 
sults in a low temperature rise, thereby 
avoiding changes in resistance. 

Electrolytic capacitor C. should be a 
good. low- leakage unit as its purpose is 
to block the d.c. voltage appearing 
across R, from passing through the 
meter. However. the voltage across C 
is about 12 volts d.c. when C, is made 
very large: so the leakage through C, is 
negligible. 
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Rheostat R. is adjusted by means of 
a screwdriver and is preferably wire - 
wound for smoother control. Mount the 
control so that it can be adjusted 
through a hole in the panel or, if pre- 
ferred, use a component that has a shaft 
and mount it on the panel. 

The line cord and test leads pass 
through two grommets mounted on the 
panel. A red test lead is connected to 
the positive end of R. and a black lead 
to the negative end. Before proceeding 
with final construction, it is wise to 
make a temporary hook -up using clip 
leads and run a calibration curve as 
described below. Any circuit modifica- 
tions, such as use of a 12 -volt trans- 
former or a more sensitive milliam- 
meter, can be checked out beforehand. 

Calibration 
Calibration of the instrument requires 

that known values of capacitance be 
available so that a graph of capacitance 
versus meter indication can be drawn. 
The graph is then used to mark the 
meter scale plate or it may be used as 
it stands. It is not possible to rely on 
the labelled values of ordinary electro- 
lytics. Tests on a number of units show 
that the values tend to run considerably 
higher than the ratings. The preferred 
procedure is to measure a group of elec- 
trolytics on a capacitance bridge and 
label each accordingly. Oil -filled paper 
units can be used for lower values. Be- 
cause capacitors in parallel can be used 
for higher values, it is only necessary 
to measure about six or seven compo- 
nents ranging from 4 to 130 -µf. 

To proceed with the calibration, ener- 
gize the circuit and adjust R, so that 
meter M, reads full scale. If you have 
made any substitutions for T, or M,, 
however, temporarily substitute a 10,- 
000 -ohm pot for R:. so that you may 
determine the correct value for the 
latter. This value should be such that 
R. is at its mid -position when M, reads 
full scale. 

Next, starting with the lower values, 
proceed to connect capacitors across R. 
and make a table of capacitance versus 
meter indication. Plot this data on graph 
paper and draw a smooth curve through 
the points. If necessary, take a few more 
measurements to fill in any large gaps. 
This curve can be used with the meter 
to measure capacitance. However, it is 
quite simple to mark the meter scale 
plate in microfarads for direct reading. 

From the graph, the scale can be 
marked in integral capacitance values. 
If a two -inch meter is used, convenient 
markings can be made every 5 from 
0 to 100 pf.; in steps of 10 µf. from 100 to 
150 µf., and in 25 -pf. steps from 150 up 
to 200 µf. Whatever method for altering 
the existing scale plate or adding a new 
one is used, markings should first be 
made lightly with pencil. After accu- 
racy, appearance, and arrangement 
have been checked, they can be inked 
in. Numbers can be lettered in or decals, 
if available, can be used. 

Testing Electrolytics 

The instrument can be used to check 
capacitors having a peak voltage rating 
greater than 12 volts. Correct polarity 
March, 1962 43 

of the test leads should be observed, 
although it is doubtful that any com- 
ponent damage will result if they are 
improperly connected across higher - 
voltage electrolytics. Accidental short- 
ing of the leads will not damage the 
instrument because R, limits short - 
circuit current to a safe value. 

In- circuit measurements can be made 
if the resistance across the capacitor 
is much greater than the 120 ohms of 
R.. Accuracy is not affected if this re- 
sistance is 10,000 ohms or more -in fact, 
error will not be excessive if shunt re- 
sistance is only 5000 ohms. In the case 
of a multi- section filter network, the 
other capacitors in the circuit may in- 
fluence readings if isolating resistance 
between them is not high enough. Where 
a filter choke is used, it will provide 
sufficient isolation between capacitors 
to permit measurement of each in the 
circuit. 

A shorted electrolytic will indicate 
infinite capacitance, as no deflection will 
result on the meter. One that is dried 
out will indicate little or no capacitance. 
However, a capacitor that measures up 
to its rated value may still be defective 
if it has excessive leakage at its rated 
voltage. 

4 

TI 

R, -50 ohm. S w. wirrmound res. 
It; - 1211 ohm, S w. wirewound res. 
R., 3000 ohm, t m. res. 
R1-S00 ohm, ! í w. rheostat (screwdriver adj.) 
C: --20 pl.. 100 v. der. capacitor 
C.R, -1N91 diode rectifier 
CR:,CR;,CR,,CR- Full -wave meter rectifier 

or four 1N69 diodes 
T,- Step-down trous. 117 0. pri., 26 0. G1 .2 

a,ap.5er. (such as Allied 61 -G -476) 
31.- 0.2 ma. d.c. milliammrter 

Fig. 2. Value of unknown capacitor de- 
termines filter ripple applied to meter. 

Fig. 3. The completed instrument is com- 
pact and, with no external adjustments 
necessary after calibration, easy to use. 

For leakage testing, the builder may 
choose to construct a more elaborate 
instrument that includes, in addition to 
the circuit described, additional facil- 
ities. Or else he may use a separate, 
variable, power supply with a milliam- 
meter, as does the author. 

The arrangement is simple. Connect 
a 25,000 -ohm potentiometer, a 50 -ma. 
milliammeter, and the capacitor in 
series across a voltage source equal to 
the rated voltage of the capacitor. To 
protect the meter against the high ini- 
tial charging current or possible leak- 
age current, make sure that the poten- 
tiometer has been pre -set to maximum 
resistance. Gradually reduce its setting 
to zero resistance, if possible, but never 
to the point where current exceeds the 
50 ma. that the meter can read full 
scale. Leakage current is the reading ob- 
tained when the meter has settled down 
to indicate its lowest, steady value. 

As an approximate guide, leakage 
should not exceed .5 ma. per microfarad 
for electrolytics above 8 microfarads in 
the 300- to 500 -volt range. As a rule, a 
good capacitor will show less than .1 
ma. per microfarad. Concerning this 
rule of thumb, note that, at .5 ma. leak- 
age per microfarad, a 100 -pf. capacitor 
would have a leakage current of 50 ma. 
This may or may not result in excessive 
voltage loss in the power supply or 
overload of the rectifier or transformer. 
Thus any evaluation of leakage should 
take the particular circuit into account. 

In conclusion, it is well to remember 
that checks of both leakage and capaci- 
tance are generally required to deter- 
mine the condition of an electrolytic. A 
leakage test alone is certainly not con- 
clusive, as a dried -out capacitor may 
pass such a check but still fail to pro- 
vide adequate filtering. On the other 
hand, a direct check of capacitance 
alone will often suffice. It is often pos- 
sible to conclude, from such indications 
as the fact that d.c. voltages are en- 
tirely normal, that leakage is not ex- 
cessive. 

Fig. 4. A rear view of the meter re- 
moved from its case shows how all com- 
ponents are mounted to the front panel. 
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MACS 
ELECTRONICS 

SERVICE 
By JOHN T. FRYE 

MEASURING THE DOSE 
MAC stopped short in the door- 

way of the service depart- 
ment. Barney, his assistant, 

was sitting with his elbows propped on 
the service bench squinting at the bench 
light through a little yellow tube about 
four inches long and a half -inch in di- 
ameter. 

"Is that all you can find to do ?" Mac 
asked in sarcastic disapproval. "I didn't 
know you went in for those 'girlie tele- 
scopes.' Guess you're still pretty adoles- 
cent." 

"Wanta look ?" Barney asked with a 
quizzical smile as he held out the little 
metal tube. 

Still frowning, Mac put the instru- 
ment to his eye and looked toward the 
bench light. Instantly the corners of his 
mouth turned upward as he exclaimed: 
"Milliroentgens, huh? I apologize. So 
this is a dosimeter! First one I ever 
saw. Where did you get it? How does it 
work ?" 

"Whoa now! as you say to me," Bar- 
ney replied. "As it says there on the 
case, it's a Model CD V -138 dosimeter 
made by Bendix for CD work. A CD 
official gave it to me when I attended 
an area meeting. I work in CD com- 
munications, you know. The official is 
not a technician; so he couldn't tell me 
much about it ; but I was curious and 
boned up on the subject and can tell 
you how it works if you're interested." 

"I'm interested in anything electronic 
I don't understand; so quit stalling," 
Mac ordered. 

"This simple -looking little tube has 
lots of guts," Barney began. "It reminds 
me of that radio commercial: 'Who put 
those eight great tomatoes in that little 
bitty can ?' But we'll take it a piece at 
a time. 

"You're familiar with the operation of 
a gold -leaf electroscope. Well, this little 
cylinder contains a very sensitive and 
rugged cousin called a quartz -fiber elec- 
troscope that's made like this: First, one 
end of a conducting wire supported by 
excellent insulating material is bent 
into a U -shape like the business -end of 
a but tonhook. This U -shape is called the 
'frame' of the electroscope. Next a fiber 
only .0101 inch in diameter drawn from 
quartz has its surface metallized to 
make it conducting. The ends of this 

fiber are connected to the tip and shank 
of the buttonhook while the free center 
portion of the fiber follows the U -shape 
and lies flat against it. 

"Suppose a charge is fed on to the 
conducting wire of the frame. It flows 
on to the frame and also on to the 
metallized fiber. The like charges repel 
each other, and the very flexible loop 
moves away from the frame the way 
you can pull the wire jaw of a mouse- 
trap away from the board. The distance 
it moves depends on the amount of the 
charge, but don't think the fiber loop 
flaps back and forth like the bail on a 
paint bucket. When the charge falls 
from 160 to 100 volts -the useful range 
of this instrument -the fiber only moves 
a very small distance; but the move- 
ment is observed through a two -lens 
microscope that magnifies the move- 
ment seventy -five times. Between the 
eyepiece and objective lens of this 75X 
microscope is placed a glass scale 
marked from 0 to 200 milliroentgens. 
The small portion of the fiber that falls 
in the field of view of the microscope is 
seen as a vertical hairline moving across 
the scale. 

"The electroscope is mounted inside 
a small electrically conducting plastic 
enclosure called an ion chamber which 
is extremely well insulated from the 
electroscope. A capacitor connects be- 
tween the electroscope conductor and 
the conducting wall of the ion chamber 
so that any charge on this capacitor 
appears between the two. At the end of 
the dosimeter opposite the eyepiece, a 
charging pin is supported by a translu- 
cent plastic bellows a short distance 
away from the conducting wire of the 
electroscope. When pressure is exerted 
on the outside end of this pin, it is forced 
back into contact with the wire, and any 
voltage applied to the pin appears on 
the capacitor. When the pressure is re- 
moved, the pin moves forward away 
from the wire and leaves the charge 
trapped on the capacitor. You still with 
me ?" 

"I think so. The capacitor can he 
charged to a value that will make the 
fiber move into position at the '0' end 
of the glass scale as seen through the 
microscope. As the charge leaks off, the 
fiber moves toward the frame and the 

fiber image, or hairline, moves up the 
scale. Right ?" 

"Exactly right. 160 volts puts the 
hairline on zero. At 100 volts the image 
falls on '200' milliroentgens. But now 
comes the interesting part : how radia- 
tion affects this voltage. 

"When a high -energy gamma ray 
penetrates the wall of the ion chamber 
and collides with molecules of air 
trapped inside that chamber, it knocks 
negative electrons loose from their posi- 
tive nuclei. Under ordinary circum- 
stances these differently charged par- 
ticles would be attracted to each other 
and recombine into neutrally charged 
molecules, but inside the ion chamber 
the negative electrons are attracted to 
the positively charged electroscope, and 
the positive ions are attracted to the 
negatively charged wall of the ion 
chamber. As each charged particle is 
absorbed by the electroscope or the ion 
chamber, its individual charge subtracts 
from the total charge on the capacitor." 

"I get it!" Mac interrupted. "The de- 
crease in charge is a function of the ra- 
diation received. Since the glass scale is 
linear, I assume the movement of the 
fiber over the range used is a linear 
function of radiation. But the capacitor 
and other components must have darned 
good insulation. Otherwise the loss of 
charge would be the result of leakage 
rather than radiation." 

"It is. Electrical leakage is guaran- 
teed to be less than 1.5 %: of full scale 
in twenty -four hours. It's really much 
less. I zeroed this instrument five weeks 
ago, and you can see it now reads only 
8 mr." 

"Less than 1Ç of full -scale leakage 
a week!" Mac exclaimed. 

"Actually it's considerably less than 
that. Normal dosage from cosmic rays 
and natural radioactivity is considered 
to be about .3 mr. every twenty -four 
hours, and you can see this alone would 
account for more than our 8 mr. in five 
weeks. Incidentally, the dosimeter is 
so well protected it can be submerged 
in water without damage. If we want to 
increase the range of the instrument so 
it will record a higher dosage, all we 
have to do is increase the size of the 
capacitor. If the capacitor is made ten 
times greater, it will take ten times as 
much radiation to reduce the voltage 
from 160 to 100 volts, and our full -scale 
value would be 2 r. instead of 200 mr." 

"How do you charge the thing ?" 
"That's what I asked myself. I'd been 

warned that punching around the charg- 
ing pin with a sharp -pointed instrument 
would ruin the dosimeter. Then I found 
the Heath Company was selling a Fam- 
ily Radiation Measurement Kit consist- 
ing of a 0 -600 r. dosimeter, a 0 -120 r. /hr. 
rate meter, and a transistorized charger 
for zeroing all such instruments. I 
needed a charger. and I wanted other 
instruments with different ranges; so I 
bought the kit. 

"The charger uses a transistor pow- 
ered by a single flashlight cell as a 
blocking oscillator working into the pri- 
mary of a transformer. The stepped -up 
transformer secondary voltage is recti- 
fied by a selenium rectifier and filtered 

(Continued on page 116) 
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A 

50 -VOLT' 

TRANSISTORIZED 

M [00H MM ET ER 

Two primary cells, stepped 
up to 50 volts, power a com- 
pact instrument that reads 
from 1 to 2500 megohms. 

THE high -range ohmmeter de- 
scribed here was designed 
primarily to measure the back 

resistance of silicon transistors and di- 
odes; but a number of other possible 
uses include checking for leakage in a 
coupling capacitor, between tube ele- 
ments, or across the surface of a ques- 
tionable insulator. An unusual power 
supply operating from two ordinary 
penlight cells provides a test potential 
of 50 volts, but there is no danger of 
electrical shock. A simple but highly 
linear d.c. amplifier permits accurate 
readings from 1 megohm to 2500 meg- 
ohms. The entire unit consumes less 
than 10 ma. 

An attractive feature of the instru- 
ment (Fig. 1) is that it is planned 
around parts that are inexpensive and 
widely used. Thus, even where there is 
not a well- stocked junk box, construc- 
tion should involve little trouble or cost. 
For example, although the device was 
designed about a 1 -ma. meter move- 
ment, it will accept any having a full - 
scale deflection of 5 ma. or less without 
requiring circuit changes. Since other 
components are not critical, substitu- 
tions can be made freely in most cases, 
as noted under the discussion of "De- 
sign Considerations." 

Circuitry was kept as simple as would 
permit satisfactory performance, as 
may be noted in Fig. 2. It would be 
feasible to add switching for more meter 
ranges, meter zeroing, capacitor fast - 
charging, or for additional functions 
such as voltage and current measure- 
ments. However such refinements are 
left to the imagination of the builder. 

Theory of Operation 
The instrument consists basically of a 

50 -volt source in series with 50 megohms 
and a 1- microampere meter. Zero re- 
sistance under test, then, yields full- 
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scale deflection; 50 megohms, half -scale. 
The power supply is unusual in that 

it produces a high d.c. step -up factor 
but uses no transformers nor moving 
parts. Also it is relatively simple and 
unusually economical, consuming only 
3 ma. at 3 volts. 

Its circuit is a refinement of the "buz- 
zer- type" supply. Operation depends on 
the voltage "kick" obtained when the 
current flow through a choke is inter- 
rupted. Transistors V, and V, constitute 
a free- running multivibrator, with 
choke RFC, in the collector circuit of 
V,. Transistor V, conducts for 190 micro- 
seconds, during which period energy is 
stored in RFC,. At the instant C, has 
discharged to a point that starts base - 
current flow in V,, the multivibrator 
switches and V, cuts off. 

Then, as the field around RFC, col- 
lapses, a high -voltage negative pulse ap- 
pears at the collector of V. The pulse 
charges C, through CR,, providing a 
high d.c. output voltage for the ohm- 
meter circuit. The pulse is about 10 
microseconds wide, and its trailing edge 
cuts off V, to initiate another cycle. 

This type of power supply, incidental- 
ly, recommends itself for any appli- 
cation requiring a moderately high 
voltage but low current as in Geiger 
counters, portable test equipment, and 
photoflash units. Given an appropriate 
choke, the only limit to obtainable volt- 
age is the transistor's collector -base 
breakdown voltage. Using special silicon 
transistors, the author easily obtained 
an output of 150 volts from a circuit 
similar to that shown and also powered 
by two penlight cells. Further informa- 
tion regarding the power supply is 
found under "Design Considerations." 

Metering circuitry consists of a cas- 
caded emitter -follower amplifier and a 
meter. Given any movement of 5 ma. or 
less Ipreferably 1 ma.), current gain of 

the amplifier is adequate for a full -scale 
reading of 1 microampere, correspond- 
ing to the test potential of 50 volts 
across 50 megohms (R., R., and R.). 

Capacitor C. bypasses stray a.c. com- 
ponents that may otherwise affect the 
base current of V. 

Transistor V. provides negative feed- 
back to control gain of the d.c. amplifier 
and also to enhance its linearity. Screw- 
driver adjustment of "Feedback" con- 
trol R,, determines the degree of nega- 
tive feedback and therefore sets gain 
of the d.c. amplifier. If R is the coarse 
gain control, then "Short" adjustment 
R. can be considered the vernier gain 
control. However, adjustment of R will 
affect the zero setting whereas R. will 
not. 

Transistor V.; also provides means for 
temperature stabilization, explained 
later. 

As R,, is adjusted for proper gain, it 
is in turn necessary to re- adjust "Bal- 
ance" control R: (a screwdriver adjust- 
ment) for a quiescent current of zero 
through meter M,. Thus R: is the coarse 
zero control, and "Zero" adjustment R. 
is the vernier zero control. 

Design Considerations 

The builder may desire to make 
changes and improvements or to use 
some of the circuitry in different appli- 
cations. He may therefore find useful 
the following information regarding 
choice of values. 

Characteristics of choke RFC, are not 
critical except that a higher d.c. resist- 
ance results in a lower output voltage. 
Besides the Type 6310 choke, the author 
tried two other 50- millihenry Miller 
chokes, a Type 958 and a Type 990. Both 
of the latter proved acceptable al- 
though, due to higher d.c. resistance, the 
Type 990 provided somewhat lower out- 
put voltage -not critical since full -scale 
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deflection can easily be adjusted to com- 
pensate for variations in test voltage. 

The reader who is familiar with 
CK722 transistors will probably recoil 
at the idea of -50 volts appearing on 
the collector of V, and +50 volts on the 
base of V,. Nevertheless, the author 
tried sixteen CK722 transistors each for 
V,. and V,; and in only three cases did 
breakdown occur. In those cases, V, un- 
derwent collector breakdown. This pro- 
duced a ragged output pulse but had no 
other apparent ill effect. 

To the purist, however, is recom- 
mended for V, the Raytheon 2N1954, 
which is rated at - 60 collector volts. 

Fig. 1. Completed instrument is small 
enough to fit in the palm of the hand. 

And if required, diode CR, (shown in 
broken lines in Fig. 2) can be added to 
protect V,. 

As a rule, greater output voltage can 
be had as the resistance of RFC, is made 
smaller or its inductance larger. Tran- 
sistors capable of withstanding a col- 
lector potential greater than 100 volts, 
however, become expensive. Where 
higher voltage is required, the builder 
might consider instead the advisability 
of connecting in series the d.c. output 
from several such supplies. (A con- 
trolled rectifier, although expensive, 
presents one possible means for gen- 
erating a high voltage with a single 
pulse -generator stage.) 

Increased inductance will not gen- 
erally provide a higher output voltage if 
resistance is increased proportionally. 
The author tried in place of RFC, a 
large iron -core power- supply filter re- 
actor which, because its resistance was 
several times higher, resulted in per- 
formance little different from that pro- 
vided by the small 50- millihenry r.f. 
choke. 

In fact, the r.f. choke was better: 
46 

Larger inductance generally requires a 
lower pulse repetition frequency for the 
same output voltage. When the large in- 
ductance was used, it was found neces- 
sary to increase the pulse spacing by a 
factor of about 3. 

The pulse repetition frequency is de- 
pendent almost exclusively on the value 
of R,. Increasing R, lowers the p.r.f. 

Operation of the circuit is substan- 
tially unaffected by large changes in the 
value of C,. 

In one variation of the basic circuit, 
protective diode CR, is connected in 
shunt with the base circuit (diode cath- 
ode to emitter) instead of in series. 
With this change, it was found neces- 
sary to eliminate R, as well. 

Resistor R., provides a voltage drop 
that supplies the collector potential for 
V,. In an early experiment, the author 
used silicon n -p -n transistors and in that 
case found R. to be unnecessary, since 
the forward potential barrier of silicon 
is much greater than germanium. 

A 1N191 or 1N198 is recommended for 
CR,, since either one is relatively inex- 
pensive, exhibits high back resistance, 
and will tolerate a reverse potential of 
60 volts. However, any other diode ap- 
proximating the foregoing conditions 
will work equally well. 

The value of capacitor C, is not at all 
critical; but its leakage resistance 
should be extremely high. A good paper 
capacitor will do, but a ceramic disc is 
ideal. 

A tolerance of 5 per -cent for the three 
series resistors will generally provide 
good accuracy. Nevertheless five 10- 
megohm or ten 5- megohm, 10 per -cent 
resistors will bring the total just as close 
-probably closer -to 50 megohms. The 
more series resistors that are used, the 

better are the chances of individual re- 
sistance errors canceling one another. 

Capacitor C. must be a ceramic disc 
to preclude polarization. Admittedly, 0.1 
pf. in a disc capacitor is not a junk -box 
item; but the builder may. if he wishes, 
use a value as low as 0.01 pf.. providing 
he is careful to keep the test leads away 
from sources of stray 60 -cycle energy 
when he uses the instrument. 

Typical current gain of a CK722 tran- 
sistor is 20, yielding for the cascaded 
amplifier a possible output of 8 ma. 
for an input change of 1 microampere. 
Thus it may be possible to use a move- 
ment up to 5 ma. ( which might also re- 
quire increasing the value of R ..). How- 
ever, a 1 -ma. meter is to be preferred 
for best linearity. 

Any movement less than 1 ma. may 
also be used. in which case full -scale 
deflection can be limited by the addition 
of a shunt resistor across R.. Best value 
for a shunt. which depends on the resist- 
ance of the movement, can be deter- 
mined experimentally. 

The author used linear controls, but 
there is no reason the builder cannot try 
whatever potentiometers are readily 
available. regardless of taper. Also, the 
resistance values given for these con- 
trols are by no means critical. However. 
R,, should be made no higher than 100 
ohms. 

A wirewound control was used for R. 
to promote smooth adjustment, but a 
composition control here works almost 
as well. A composition control was 
judged preferable for Th,. 

Construction 

The instrument was built in a 2" x 
4" x 6" chassis, which proved not at all 
too large. Parts placement and lead 

Fig. 2. The pulse -output power supply (V, and V.I achieves a 
large voltage step -up without transformers or moving parts. 

Bg= 

COMMON 

NOTE 
OPEN AND SHORT- CIRCUIT MEASUREMENTS ARE SHOWN IN BONES t INDICATES V.T.V.M. MEASUREMENT 

R, 120,0011 ohm. ' z te. res. 
R. 7.500 ohm. I z w. res. . 
R 120 oha,. ' z w. res 
R .- 10 megohm, ' z re. res. ±5r/. 
R..R,- -20 megohm. 'z w. res. ±5% 
R.- 2 megohm pot. R- 100,000 ohm pot. 
Rs -l00 ohm wirewound pot. 
R,,- 390 oho, ' z w. res. 
Rn -IIIII oho, pot. 
CI -470 ppf. disc reramir capacitor 

4. disc cera,nie capacitor 

C.- .1 pf. disc reramic capacitor 
CR,,CR- 1N191 diode (see text) 
RFC, -S0 why. r.f. choke. approx. 100 ohms 

(J. W. Miller 6310 or 958, see text) 
MI 0.1 ma, d.r. meter 
S, 1lp.s.t. toggle switch 
Lit:- Standard penlight yell (Ray -O -Vac 

Type RI 
S- or 6 -way binding post 

.1'.- "pn -p" transistor (Ray- 
theon CÁ722, see text) 
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lengths are not critical, but it is prudent 
to keep the power supply apart from 
the d.c. amplifier. 

The power supply and d.c. amplifier 
were each prefabricated, the former on 
an 8- terminal strip (Fig. 3) and the 
latter on a 9- terminal strip, with all con- 
necting wires hanging free. These two 
assemblies were then installed as the 
last step in assembly (Fig. 4) before 
point -to -point wiring was begun. 

Transistor sockets are strongly rec- 
ommended because a few trial substi- 
tutions or transpositions may prove 
necessary for best results, as we will in- 
dicate. 

For insertion in a socket, the tran- 
sistor leads should be straightened out 
and clipped about 3/16 inch from the 
case. Plugging a transistor into a socket 
may seem difficult at first but becomes 
easy with practice. If a standard, in -line 
3 -pin transistor socket is used, the tran- 
sistor should be so guided that the col- 

METER 
INDIC. 

RES. 
(Megohmsl 

METER 
INDIC. 

RES. 
IMegohmsl 

1.000 0 .385 80 
.980 1 357 90 
.961 2 333 100 
.943 3 .250 I 150 
.926 4 200 200 
.909 5 .167 250 
.893 6 .143 300 
.877 7 .125 350 
.862 8 111 400 
.847 9 .100 450 
.833 10 091 500 
.769 15 .077 600 
.714 20 .067 700 
.667 25 .059 800 
.625 30 .053 900 
.588 35 .048 1000 
.556 40 .032 1500 
.526 45 .024 2000 
.500 50 .020 2500 
.455 60 010 5000 
.417 70 

Table 1 Dial reading vs indicated resist- 
ance when M, is a 0 -1 ma. movement. 

lector and emitter leads remain more - 
or -less parallel. Since the base and emit- 
ter leads of the CK722 are farther apart 
than the corresponding socket holes, the 
base lead should jog toward the emitter 
as the transistor is pushed home. This 
bend is desirable because it will make 
insertion easier next time. 

Common conductor ( encircled C in 
Fig. 2) of the circuit was purposely not . 

connected to the chassis. The surface on 
which the instrument is placed may con- 
duct slightly, and if the device to be 
measured is placed on the same surface. 
current flow to the chassis could result 
in an erroneous reading. If that seems 
far -fetched, consider the author's wood- 
en workbench : on a dry day it measures 
only 450 megohms across. 

(Nevertheless some leakage from the 
circuitry of the instrument to its chassis 
is inevitable. Therefore when it becomes 
necessary to detect or measure resist- 
ances upward of about 1000 megohms, 
both the instrument and the device to 
be measured should, if possible, be set 
March, 1962 

Fig. 3. Detail, from rear, of terminal 
strip on which power supply is mounted. 

on a surface known to be free of leak- 
age.) 

Adjustment and Operation 

Do not turn the power switch on or 
connect test leads until directed to do 
so. First, make sure the cells are both 
installed correctly with respect to polar- 
ity. Then to adjust the instrument. pro- 
ceed as follows: 

1. Presetting the controls. Switch S. 
should be in the off position. "Balance" 
control R; about halfway between ex- 
tremes (assuming a linear pot ), "Feed- 
back" control R,, also about mid -posi- 
tion, and "Zero" adjustment R. halfway 
between extremes too. "Short" control 
R. should first be turned to minimum - 
resistance position, then advanced from 
this setting slightly. This puts a low 
shunt resistance across the meter move- 
ment to protect it during initial adjust- 
ment. 

2. Initial Adjustment. Power switch 
S, may now be turned on. "Balance" 
control R, is now adjusted for zero cur- 
rent, which will correspond to a zero 
reading. After this is done. "Short" con- 
trol R.. may be advanced safely to a 
point about halfway between its ex- 
tremes. Doing this may move the meter 
pointer. If this happens, "Balance" con- 
trol R, is once more adjusted to produce 
a zero reading. 

3. Checking feedback. Insert the test 
leads in J, and J, short them together, 
and note the meter reading. The pointer 
should be expected to swing up- scale. 
but short of full -scale, because the half- 
way setting of R,, will normally provide 
too much feedback. If full -scale deflec- 
tion (or more) occurs in this step, there 
is a possibility of trouble. Recheck wir- 
ing. Try a substitution for V,:. Or else. 
start the adjustment procedure (step 11 
all over again, but with "Feedback" con- 
trol R,, advanced farther than mid -po- 
sition (with the wiper away from 
ground) . 

4. Adjusting feedback. Assuming cor- 
rect indication in step 3, feedback must 
now be reduced. First make sure that 

the test leads are no longer shorted and 
that the "Short" and "Zero" controls 
are still set halfway. Then proceed as 
follows : 

a. Turn "Feedback" control R,, to 
swing the needle up -scale about 20 per- 
cent, decreasing feedback. 

b. Re- adjust the "Balance" control 
for zero. 

c. Short the test leads together again 
and note the meter reading. It should 
be greater than the reading noted in 
step 3. If it is within 5 per -cent of full - 
scale, no further adjustment is neces- 
sary. 

d. If the reading is still considerably 
less than full -scale, repeat steps 4a. b, 
and r in order, until shorting the meter 
leads produces a reading within 5 per- 
cent of full scale. If the meter needle 
should slam, feedback has been reduced 
too much and the appropriate control. 
R... should be turned in the opposite 
direct ion. 

Fig. 4. The compact layout is shown in 
a rear view of the entire megohmmeter. 

The instrument is now ready for cali- 
bration and use. To obtain resistance in 
megohms with a 1 -ma. meter, divide 50 
by the current indication and subtract 
50 from the quotient : R= (50 /I1 -50. If 
the builder decides to draw up a resist- 
ance scale for the instrument, Table 1 
will spare him much tedious arithmetic. 
Where accurate reading is required, be 
sure to calibrate carefully. 

Remember to adjust the "Zero" con- 
trol prior to the "Short" control before 
use, since the former affects the entire 
meter range whereas the latter has no 
effect on meter zero. 

In Case of Trouble 

If output voltage from the power 
supply proves substantially less than 
50 volts (measured with a v.t.v.m.), it 
is possible that V_ is either not conduct- 
ing hard enough or is undergoing col- 
lector breakdown during the pulse. In 
either case, try interchanging or replac- 
ing V, or V. Output with fresh batteries 
should be 50 -60 volts. 

(Continued on page 79) 
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Tu INSISTOR 
With /heavy conduction, carriers store UI in the 
The effect can be used if helpful or eliminated 
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Fig. 1. The disposition of positive and negative charges in a "p -n -p" transistor 
that has been conducting heavily. The direction of positive carriers or holes is 

shown by black arrows, electron movement in color. A similar condition, with 
direction of flow and disposition of charges reversed, occurs in a "n -p -n" device. 

Fig. 2. When the drive signal is turned off, conduction in the collector -base 
diode (Al continues due to stored charges. The diode behaves like (BI a single 
piece of "p" material. Dissipation of stored carriers ICI restores reverse bias, 
permitting cut -off. The sequence alters waveform shapes ID) in the circuit. 
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THE STORAGE of carrier charges, 
whether they be holes or elec- 
trons, by the base of a transistor, 

is a recognized characteristic. The fact 
that such a phenomenon exists is some- 
times pointed out in books and articles 
on transistor theory. Nevertheless, its 

o VOLTS effect on circuit operation remains, for 
the most part, untold. Since it can be 
used as an advantage in some applica- 
tions and minimized in others where it 
would be a disadvantage, an examina- 
tion of this phenomenon is worth the 
small time involved. 

Base storage, which occurs when the 
transistor is conducting heavily, pre- 
vents immediate turn -off of collector 
current when a cut -off signal is applied. 
Circuits involving large- signal opera- 
tion are most affected. Normally the 
collector -base diode is reverse biased; at 
saturation, however, the collector falls 
below the base and the diode becomes 
forward biased. When this occurs, the 
collector, acting like another emitter, 

-v 

tries to emit to the base. Carriers is- 
suing from the normal emitter, trying 
to get to the collector through the base, 
are opposed. The net result is that 
carriers pile up in the base. 

An "on" transistor storing carriers 
from the emitter is illustrated in Fig. 1. 

p Since a p -n -p device is used in this ex- 
ample, positive carriers or holes are 
shown. The input pulse is negative. The 
base potential is designated " +V" to 
indicate its relationship to the collector 
potential. Electron flow (E) is prin- 
cipally from collector to emitter, with 
some (Is,) from base to emitter. Holes 
(H) move from emitter to collector, ex- 
cept that many of these positive carriers 
are accumulated in the base. The base, 
being n -type material, would normally 
exhibit a negative charge; but, with the 
storing of the carriers, it takes on a net 
positive charge. 

When the positive -going turn -off sig- 
nal is applied to the base, the emitter - 
base diode becomes reverse biased and 

INPUT the emitter is no longer an active part 
SIGNAL of the circuit. However, collector cur- 

rent (I.,) does not stop flowing at once. 
Ov This is due to collector -base conduction, 

COLLECTOR as illustrated in Fig. 2A. Since both col - 
vC lector and base have a net positive 

_v charge, the collector -base diode (at 
least until the storage charge is re- 
moved from the base) may be repre- 

BASE vB sented as a single piece of p -type ma- 
terial. This is shown in Fig. 2B. With the 

+11160 I emitter not active, electron flow is from 
the negative collector circuit to the base 

BASE zB circuit, as shown. 
From a comparison of Figs. 1 and 2A, 

it can be noticed that base current IM1 

reverses direction with the turn -off sig- 
nal (Is,) but collector current Ir con- 

+v 

(B) 

1 

t 
. +V 

--(---OV 

(0) 
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STORAGE EFFECT 
base, significantly influencing circuit operation. 
if undesirable. By DONALD E. McGUIRE 

tinues in the same direction. The posi- 
tive voltage applied to the base at turn- 
off repels the positive, stored charges 
toward the less positive collector po- 
tential. Although electron flow is initial- 
ly out of the base toward "+ V," this 
external flow decreases proportionately 
as the number of stored charges de- 
creases, until a point of reverse bias is 
at last reached, as shown in Fig. 2C. At 
this point, the collector -base diode is 
finally turned off, and both I,, and Ir 
cease to flow. 

Waveforms for the input signal, the 
corresponding base current, and the cor- 
responding voltage waveforms at the 
base and collector are shown in Fig. 2D. 
The circuit action just described follow- 
ing application of the turn -off signal can 
be traced from these. Note that the col- 
lector output waveform remains almost 
constant in amplitude, after the appli- 
cation of turn -off signal, until the stor- 
age charge is reduced to the point of 
reverse bias. The greater the storage, 
the longer will I, flow after turn -off sig- 
nal; the greater the turn -off signal, the 
faster the storage is reduced. Base stor- 
age may cause the collector current to 
remain on up to 1 microsecond after 
the turn -off signal. 

Using the Effect 

The storage effect is used to advan- 
tage when one wants a pulse- stretching 
circuit. Since a pulse of narrow width 
or short duration applied to the base of 
a transistor can provide a pulse of con- 
siderably increased width at the collec- 
tor, a stretcher exaggerates this effect 
by using two or more stages of over- 
driven amplification, depending on how 
much stretching is desired. 

A typical example is given in Fig. 4. 
With all transistors initially turned off, 
each is driven into heavy conduction 
upon the application of a turn -on signal 
at the input. However, due to the 
effects of base storage, each transistor 
will prolong the duration of the initial 
pulse in turn before it passes it on to 
the next stage. 

A typical application of the stretcher 
appears in Fig. 3. In this arrangement, 
the "and" circuit is to be operated only 
when the input pulse to the system is of 
the proper width. Accordingly this nar- 
row pulse (.5 microsecond) is fed to the 
"and" circuit through a delay line and 
also fed to a pulse -width detector. Since 
output of the latter is a very narrow 
pulse, the latter is passed through a 
stretcher before being applied to the 
other input of the "and" circuit. The 
wider pulse that results (1 microsec- 
ond) assures time coincidence of the 
two inputs to the "and" circuit. 

In pulse circuits involving a high rep- 

etition rate, there must be rapid re- 
covery after every pulse to allow for the 
one following. The stretching effect pro- 
vided by storage would obviously be 
undesirable here. To avoid it, the most 
common practice is the use of collector - 
base clamping. By clamping the collec- 
tor -base diode at a point short of 
saturation, large storage is prevented 
from developing. 

Double diode clamping, as illustrated 
in Fig. 5, is often used for this purpose. 
A germanium diode, CR,, is used as the 
clamping diode and a silicon diode, CR, 
is a biasing diode. In this application, 
the forward voltage drop across the 

DELAY 

LINE 

PULSE - 
WIDTH 

DETECTOR 

Y 

CIRCUIT .Sy S. 

.rs-. Iyc. 

PULSE 
STRETCHER - 
AMPLIFIER 

Fig. 3. An application of the stretcher. 

germanium diode is about 1 volt, 
whereas the silicon diode drops about 
1.2 volts. This will keep the collector - 
base diode reverse biased by .2 volt 
when clamping action takes place. 

All of the input signal is routed 
through CR, to the base prior to the 
time that CR, is forward biased. CR, it- 
self will remain reversed biased until 
the collector falls below the input signal 
at the base. When the latter occurs, 
CR, conducts. This shunts excessive in- 
put signal directly to the collector. 
Since CR, drops .2 volt less than CR,, 
the difference between the base and the 
collector is .2 volt of reverse bias, which 
prevents saturation and large storage. 
Thus this undesirable storage is avoided 
by maintaining reverse bias on the col- 
lector -base diode. 

Base storage is not only a significant 
phenomenon, but may have desirable or 
undesirable effects on circuit operation, 
as has been shown. An understanding 
of the effect, its uses, and how it is con- 
trolled is important in analyzing circuit 
action where it appears and using or 
eliminating it where necessary. 

-4 V. +fov. -10V. 

R2 
C2 

R4 
CS 

Mt 
C4 

Fig. 4. Using storage effect: narrow input pulses to stretcher are made wider. 

_v 

CRI 

+v 

COLLECTOR CURRENT PRIOR TO CRI 

J L._ 

Fig. 5. Minimizing storage: collector -ba* 
clamping, achieved here with 2 diodes. 

CONDUCTION 

ADDEO COLLECTOR CURRENT DUE TO CRI CONDUCTION 
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R2 
680K 

CRI 
IN1692 + 

VERSATILE 
ELECTRONIC 

SWITCH 
By C. E. MILLER / General Radio Co. 

Construction of a transistorized circuit that will 

operate a relay over a frequency range of 16 seconds 

per cycle to 14 cps. Used for testing and as chopper. 

THERE are many different types 
of switches used in electrical cir- 
cuits. Of these, relays are of im- 

portance because they are electrically, 
rather than manually, operated. This 
makes them particularly suitable for a 
wide variety of applications. The device 
to be described consists of a relay, to- 
gether with electronic circuitry, which 
causes the relay to open and close over 
an extremely wide frequency range. 

Applications 
The applications for such an electronic 

switch are numerous. Because there is 
an actual mechanical pressure forcing 
the contacts together when the relay is 
energized, the "on" resistance is quite 
low Igenerally a fraction of an ohm). 
This is important if the switch must 
carry any current. One such application 
would be as a keyer to flash a lamp pe- 
riodically. The effects of changes of con- 

RI 
IOK 

The use of an etched board permits a variety of mounting tech- 
niques. Here the unit is shown self -contained with battery. 

ditions in many circuits may easily be 
seen. 

Fig. 2 illustrates how to test for the 
effects of line- voltage changes. In Fig. 
2A, the primary of a filament trans- 
former is excited from the line when the 
relay is energized. The secondary is con- 
nected in series between the line and the 
load. Depending on the phasing of the 
windings with respect to the line, the 

SEC. 

(G) 

secondary voltage either adds to or sub- 
tracts from the line voltage. When not 
energized, the relay must short out the 
transformer to remove its reactance 
from the line. The direction and magni- 
tude of the steps may be altered by 
changes in the phasing and the number 
of secondaries employed. Fig. 2B shows 
how the use of a variable autotrans- 
former offers greatest versatility by 

VARIABLE 
AUTOTRANS. 

SEC. 

1 7 'A 

B 

RELAY 
CONTACTS 

Fig. 2. Test arrangements employed to note effects of line -voltage changes. 

Fig. 1. Circuit consists of a free -running multivibrator (transistors V. and V,) 
whose output is coupled to common- emitter V , which in turn drives the relay. 

-22.5V. (BURGESS 4.-Y1 30 OR EQUIV.) 
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providing stepless control of amplitude. 
Load variations may be simulated, as 

shown in Fig. 4. The effects of such 
changes are very important in circuits 
employing regulated power supplies, for 
example. 

Another field of applications would be 
as a low- frequency chopper. This allows 
a device with an electrical input to be 
connected alternately to two signal 
sources. Fig. 3A illustrates how a meter 
may be used to monitor two different 
circuit voltages. The same technique 
may be used to watch two different volt- 
ages on an oscilloscope, as shown in Fig. 
3B. If in the latter case one of the volt- 
ages is zero and the other is a standard, 
such as one volt as shown in Fig. 3C, the 
chopper may be used as an accurate 
scope calibrator. 

In the past, such units have suffered 
from conditions such as limited fre- 
quency range, instability, and unequal 
division of the operating period. This 
limited their use and thus their desira- 
bility. This unit was designed to over- 
come these deficiencies in order to make 
it broadly applicable without modifica- 
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E2 

RELAY CONTACTS 
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33K RELAY 
CONTACTS 

SCOPE 

91K 

(Cl 

Fig. 3. Test setups illustrating the use of the relay as a low- frequency chopper. 

tion. With component values as given 
in Fig. 1, the unit will operate over a 
frequency range of 16 seconds- per -cycle 
to 14 cycles- per -second. This is approxi- 
mately a 200 -to -1 frequency ratio. The 
corresponding range of periods is 16 sec- 
onds to 70 milliseconds. The maximum 
period is limited principally by the leak- 
age of the cross -coupling capacitors and 
the transistors. The minimum period is 
limited by the mechanical response of 

TO 
CIRCUIT 

UNDER TEST 

"NORMAL 
LOAD 

SCOPE 

Fig. 4. Observing effect of load changes. 

the relay that is employed. 
This wide frequency range is made 

possible by the method of frequency 
control and by isolation of the relay 
from the multivibrator circuit. The re- 
lay is driven by a separate amplifier to 
reduce the problems associated with a 
change in average current as frequency 
is varied. It also aids materially in main - 
training a stable, equal division of the 
period. Critical adjustments of the relay 
contacts are thus eliminated. 

Mechanically, the unit was built on an 
etched -circuit board to facilitate dupli- 
cation. No attempt was made to hold size 
to the absolute minimum. Rather. it was 
felt that the larger board would allow 
greater physical versatility. For ex- 
ample. four corner holes are provided. 
This allows the board to be mounted 
either on a chassis or on four spacers 
which act as legs. The hoard is laid out 
in such a way that power connections 
may be made either to terminals or di- 
rectly from a battery. In the latter case. 
the battery is held to the board by its 
binding posts. 

Circuit Details 

Transistors V, and V, operate as an 
ast able I free- running) multivibrator. 
Forward bias is provided by R, and F,.. 
In addition, these resistors, in conjunc- 
t ion with C, and C_, determine the circuit 
time -constant. The method usually used 
to vary the frequency of oscillation is to 
vary either the value of these resistors 
or the supply voltage to which they are 
returned. Either method alters not only 
the frequency but the bias level as well. 
thus restricting the operating range. In 

this circuit the bias resistance and po- 
tentials remain unchanged. Instead, the 
magnitude of the signa/ coupled to each 
base from the opposite collector is 
varied. This is accomplished as follows. 

Resistors R.., R,. and R.: form a volt- 
age- divider circuit. The arm of R. picks 
off a constant voltage depending on its 
setting. The negative sides of capacitors 
C, and C, are tied to this voltage through 
diodes CR, and CR.. The negative sides 

R2 

of C, and C, are also connected to the 
collectors of V, and V_ through diodes 
CR, and CR,. 

To understand the operation of this 
circuit, assume that V, is conducting and 
V_ is non -conducting ("on'' and "off" re- 
spectively). The collector voltage of V, 
is low. while the voltage of V, is approxi- 
mately that of the supply. The negative 
side of C, is at a potential determined 
by the setting of R. and CR, is back - 
biased. Diode CR, is forward -biased, and 
the negative side of C_ is at the same 
negative potential as the collector of V. 
The voltage from R. is disconnected 
from C_ due to the reverse bias across 
CR:.. 

The circuit maintains this state until 
V_ begins to conduct ( this time -constant 
is determined by the values of C,. R and 
the setting of R.). As the collector of V, 
becomes less negative, V, is driven off, 
but the negative side of C_ can fall only 

(Continued on putie 62) 

C2 VI RI R4 CR3 

CRS V3 CR4 R9 RIO CRI V2 R8 R5 RT RII CI R6 R3 CR2 

Top view of the printed -circuit board showing placement of the components used. 

Under -board view. Relay and potentiometer are mounted after all other parts have 
been soldered in place. Although a printed board was used by the author for this 
particular model, ordinary point -to -point wiring techniques may also be utilized. 

BREAK FOR SWITCH (SEE TEXT) R4 
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IT IS certainly no secret that the 
number of hams in this country 
is increasing at a steady rate. 

Furthermore, there is every indication 
that this trend will continue and, be- 
cause it is very unlikely that new fre- 
quencies will be made available for 
amateur use, it is quite obvious that 
the number of "hams per kilocycle" 
will increase as well. 

Even today. far too many contacts 
are uncompleted because of the terrific 
QRM(. There are four "solutions" to this 
unhappy situation: (1) quitting en- 
tirely: 12t continuing to operate under 
present conditions with perhaps 50 to 
80 per -cent of the QSO's completed: t 3) 
moving up to the ((itch higher frequen- 
cies, since even the high frequencies 
are no longer a haven. particularly in 
the larger cities: and (4) improving 
present -day communications equipment 
through new circuit combinations and 
design. Fortunately or unfortunately 
for the rest of the fraternity!), only a 

e 

PB 

Front -panel view of the author's home -built noise and interference eliminator. 
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QRM ELIMINATOR 
for Communications Receivers 
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By A. W. CROWELL 

Construction details and design of a useful receiver 
attachment that will eliminate just about all 

interference and static in the c.w. mode of operation. 

small percentage of hams take the 
route of the first alternative, with 
probably the largest percentage falling 
into the second group. If the issue is 
faced honestly, only the last two al- 
ternatives are "legitimate" since they 
require experimentation and construc- 
tion, the real backbone of amateur - 
radio -type communications. 

The new equipment design to be de- 
scribed is strictly for the c.w. operator 
but those who operate on phone may 
find the ideas interesting. 

In the reception of signals, the crystal 
filter and those circuits designed for 
nulling an unwanted signal in both r.f. 
and a.f. circuits, while in themselves 
basically sound, do have their limita- 
tions by: 1I reducing the strength of 
the desired signal (which may already 
be almost too weak to copy if the in- 
terference is too closet: and t21 han- 
dling effectively only one interfering 
signal. To combat this, the better com- 
munications receivers incorporate both 
crystal and nulling circuits. In addition, 
those circuits which can be used for 
nulling are also used for peaking the 
desired signal, by means of switching, 
to raise its level above the one or more 
interfering signals. In this situation. 
the crystal filter can be used to knock 
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out one undesired signal. None of these 
circuits, however, will effectively elim- 
inate another type of interference - 
static, whether it is man -made or nat- 
ural. 

It is well known that the hearing 
characteristics of the human ear in- 
clude operation on a logarithmic curve. 
which is to say that its sensitivity to 
sound levels increases more than in a 
direct proportion as these levels de- 
crease. As a result, any interfering sig- 
nals. even though several decibels below 
the desired signal strength, will still 
Fig. 1. Wien bridge peaking amplifier se- 
lectivity (bandwidth) with four different in- 
put voltage levels, as follows: A is for 
4.5 mv.; B is for 9 mv.; C, 18 mv.; D, 36 mv. 
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be heard and make reception of the 
desired signal difficult, if not impossible. 
It is evident then that some type of 
improvement is necessary to eliminate 
not only interfering signals but various 
types of static --with only the clear 
reproduction of the desired signal de- 
livered to the output. 

The Basic Idea 

After too many wasted hours listen- 
ing to weak signals in QRM, dreaming 
that they were "5 by 9," the basic idea 
for this equipment finally dawned on 
the author. It was reasoned that if a 
first -stage audio -frequency peaking 
circuit with enough gain and selectivity 
drove a second -stage audio oscillator. 
biased to the point where only the re- 
sulting voltage level of the desired 
signal would cancel this bias and permit 
oscillation. only the desired signal 
would be heard and the interfering 
signals and static would be lost by the 
wayside. The signal to be peaked is 
obtained by adjusting the variable b.f.o. 
control in the receiver in the normal 
manner of c.w. reception. 

Breadboarding several types of audio - 
peaking circuits resulted in the choice 
of a Wien bridge feedback amplifier 
adjusted for very little regeneration. At 
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Interior view of ORM eliminator. A built 

this point there is no signal "ringing' 
and the selectivity curve is 40 cps wide 
(half- voltage points) at the peaking 
frequency of approximately 740 cps. 
This value was selected as a compro- 
mise between interference elimination 
and excessive selectivity. As the four 
curves of Fig. 1 show, actual selectivity 
is a function of input voltage level 
which is controlled by the operator 
(adjustment of R,). The half -voltage 
point was selected for discussion be- 
cause interfering signals of this level 
will not "ride through" the bridge. In 
addition, no special precautions are re- 
quired in the mounting of parts, their 
size is small, and cost is low. 

A trial operation showed that the 
oscillator could not be of the fixed - 
frequency, free- running type inasmuch 
as there was enough received audio 
signal leakage from the first stage 
(through the intermediate rectification 
stage controlling bias and therefore ac- 
tual oscillation of the second stage) to 
cause two frequencies to be heard. 
While it is possible to select second - 
stage circuit values which will result 
in its frequency being identical to the 
peaking stage, this is not a satisfactory 
design because not only will the local 
oscillator be heard at either edge of the 
bridge bandpass response, but the re- 
ceived signal as well. 

The final answer lay in the selection 
of the Schmitt trigger circuit. This is 
a direct -coupled, one -shot type of os- 
cillator whose output frequency is auto- 
matically that of its input. With this 
type of coupling, its operation with a 
sine -wave input is smoother than that 
of the more conventional capacity- ` coupled circuit. Actually, the output 
is a continuous series of pulses of in- 
put frequency for the time duration 
of each signal period. 

Circuit Design 

Fig. 2 is the schematic diagram of 
the author's QRM eliminator. The input 
is obtained from the "phones" jack of 
the receiver. With the (1.p.d.t. "Bridge - 
Direct" switch thrown to "Direct," the 
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-in audio amplifier is employed in the unit. 

internal speaker, through its amplifier, 
will deliver normal receiver output. A 
"Phones" jack is provided for head- 
phone reception. Throwing the switch 
to "Bridge" places the unit in opera- 
tion. The audio signal is coupled to the 
Wien bridge through transformer T,. 
This may be substituted with some lati- 
tude of choice. For example, the author 
used an available low -power modula- 
tion transformer with a 10,000 -ohm 
primary to 4000 -ohm secondary. Note, 
however, that the primary and second- 
ary are reversed when connected into 
the bridge to provide voltage step -up 
for proper input voltage levels. Since 
no power is required, any interstage 
coupling transformer having approxi- 
mately these impedances should be 
satisfactory here. 

With the "Regeneration" control, R.:, 
adjusted for slight regeneration, only 
the desired c.w. signal will be heard as 
the receiver's b.f.o. control is adjusted 
for an input frequency equivalent to 
the bridge -peaking frequency. In the 
case of those receivers which do not 
have this control, it must be added 
since it is impractical to attempt peak- 
ing an audio frequency with the main 
frequency or bandspread tuning dials. 
These controls are tuning r.f. frequen- 
cies and will be much too critical in 
adjustment. 

In operation, the receiver's r.f. and 
a.f. controls are adjusted for a slightly 
stronger- than -desired c.w. signal level, 
but no overloading of the receiver 
should take place. The tone control is 
set for treble reproduction to insure 
absolutely no attenuation of the peak- 
ing frequency. The a.v.c. is used to hold 
a steady signal level. 

The "Input Level" control, R,, is 
lowered as much as possible while si- 
multaneously varying the b.f.o. control 
until the frequency output arrives at 
the center of the bridge bandpass. This 
will result in only the desired signal 
being heard clearly and reliably. This 
control was added to the original 'ir- 
cuit, since its adjustment is not as 
critical as either the receiver's r.f. or 
a.f. gain controls. This is true because, 
generally, only a small amount of audio 
level Iknob rotation) is used and r.f. 
gain reduction is not usually directly 
proportional to the rotation of the con- 
trol knob. 

Resistor R, keeps the bridge "Q" 
high and, therefore, its selectivity when 
the unit is used with a low -impedance 
receiver output. Bridge components R5 
and R. should be matched to - -*2' ,i, as 
should C, and C::, to obtain best selec- 
tivity. Remember this is tolerance be- 

Fig. 2. Complete schematic diagram and parts listing 
The unit was constructed by author directly from his 
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Fig. 3. Partial schematic of Wien bridge 
oscillator showing addition of two 20,000 - 
ohm resistors for shifting peaking frequency. 

tween these components and not the 
accuracy of the equipment used to 
make the measurements. Its accuracy 
can be much lower since it is only 
necessary to approximate values of 
200.000 ohms and .001 uf., respectively. 
Variation from these values only shifts 
the peaking frequency proportionally. 

The Schmitt trigger fires on a posi- 
tive- going waveform. Therefore, to use 
each complete cycle for maximum input 
signal voltage, a diode (CR,) is added 
to clamp the signal to ground. This 
improves operation materially and the 
action is shown in Fig. 7. 

Disc ceramic .01 -µf. capacitors were 
selected for the equipment since close 
tolerance is not required, their cost is 
low. and they are small in size. R,.: is 
the "Audio Gain" control and was also 
added to the original circuit since it 
was found that the "Input Level" con- 
trol (R,) should be used only for de- 
termining the best operating point and 
not for controlling gain as well. The 
Schmitt triggering control (R,1) was 
made variable (screwdriver adjust- 
ment. reached from the bottom of the 
cabinet) because it is a convenient 
method for obtaining the best operation 
of this stage. Its setting is somewhat 
critical and is best accomplished by 
making the Wien bridge oscillate tem- 
porarily with R. and then adjusting for 
the clearest audio tone. 

The power supply is as simple as 
safety will allow. Approximately 133 
volts d.c. and 6.3 volts a.c. are available 
for "B ±" and tube heater use. Regula- 
tion is not necessary. Voltage levels, as 
measured with a d.c. vacuum -tube volt- 
meter, are indicated on the schematic. 

Some operators may wish to add a 
d.p.s.t. toggle switch (S:: in Fig. 3) and 
two 20.000 -ohm resistors matched x-256 
in the positive feedback circuit so that 
the peaking frequency can be shifted. 
They are added to R, and R. as shown 
in the diagram. These two choices prac- 
tically eliminate the possibility of not 
being able to select the desired signal 
from interference. To express the de- 
sirability in another way, it allows a 
second frequency choice for those rare 
instances where the condition exists in 
which an interfering signal differs from 
the desired signal by the Wien bridge 
peaking frequency. With single -fre- 
quency peaking. it is impossible to make 
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a separation. If two r.f. signals are on 
the same frequency, nothing can be 
done to cut out the interference, except 
possibly use a direction- finding loop on 
the receiver and hope that the inter- 
ference isn't originating from the same 
or 180 -degree direction! 

Before contemplating the construc- 
tion of this unit. the reader is advised 
to consider carefully whether or not 
his communications receiver has satis- 
factory high- frequency -oscillator and 
b.f.o. stability. Keep in mind that the 
best bridge -stage selectivity is only 
about 40 cps wide and that drifting of 

C3 

Fig. 4. Basic Wien bridge oscillator. 
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Fig. 5. Wien bridge feedback voltages. 

Fig. 6. Schmitt trigger basic circuit. 

8+ 

either of these circuits will mean re- 
peaking. In particular. the stability of 
the high -frequency oscillator must be 
excellent since it operates in both the 
kilocycle and megacycle frequency 
ranges where only a small part of a 
per -cent shift is many cycles. For this 
reason, it will he impractical to copy 
satisfactorily any signals which shift 

noticeably in frequency on the receiver 
that is used. 

Theory of Operation 

Perhaps a brief discussion of the 
theory behind the operation of the 
Wien bridge peaking amplifier and the 
Schmitt trigger would be appropriate 
here. 

A simplified schematic of the bridge 
is shown in Fig. 4. Since the output 
of V,1 is coupled to the grid of VI,1 

and its output is, in turn, coupled back 
to the grid of V through C, -R,, the 
necessary positive feedback loop has 
been established to produce oscillation. 
For example. as plate voltage is applied 
to V1, and V,,,, a voltage drop is pro- 
duced across R, which results in a 

negative -going V,., grid. The plate 
voltage will rise, applying a positive - 
going voltage to the grid of V ,,1. This, 
in turn, increases conduction with a 
consequent dropping of plate voltage 
(moving in a negative direction), which 
couples back to the V,1 grid through 
and Ç -R,, thus supporting the initial 
condition. This swing continues until 
the voltage change limit has been 
reached, after which it reverses and 
both the initial charge and the feed- 
back voltage on the grid of V,1 become 
positive. This swing back and forth is, 
in effect, oscillation. 

Where R, = R:: and C: = C::, the os- 
cillation frequency can be stated in 
terms of 1 /(2.7R,C,.) To explain this 
relationship, consider for the moment 
that a constant feedback voltage to the 
top of C, is varying from a low to a 
high frequency. At all frequencies be- 
low that resulting in successful oscil- 
lation, the reactance of C, is high, thus 
putting a relatively low voltage on the 
grid of V,1. At this time the high re- 
actance of C:: does not play an active 
part. At all frequencies above the ac- 
tual oscillation frequency, the capacitor 
action is reversed wherein the react- 
ance of C, is low. thus attempting to 
build up the positive feedback on the 
grids. But since the reactance of C:: is 
also low, some of this attempted higher 
voltage is shunted to ground. This 
means. then, that the maximum voltage 
to the V grid is possible only when the 
feedback frequency is such as to be 
affected in the same manner by the re- 
actance of C, and C::. This voltage 
versus frequency is indicated as the 
curved line in Fig. 5. 

There is also an inverse voltage feed- 
back loop voltage in opposition), ria 
C: through R,:. which feeds the cathode 
of V,,. That is, simultaneously with a 
negative -going feedback voltage to the 
tube grid there is the same negative - 
going voltage feeding the cathode. This. 
in effect. decreases the grid bias at the 
same time that the initial current flow 
through R, is building up a bias. Hence 
the two voltages are in opposition. The 
adjustment of R,:, then, is made from 
a high -resistance value (small amount 
of negative feedback which permits the 
stage to oscillate) to that lower value 
just beyond the point of oscillation into 
slight regeneration. This feedback 

(Continued on parse 70) 
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THIS AMAZING FEATURE- PACKED SCHEMATIC GIVES YOU 

OUniform schematic layout. Each 
receiver circuit can be located 

quickly, since layout is always the 
same, regardless of receiver make. 

O Voltages are shown at all tube 
pins and test points for speed 

and convenience -no time -wasting 
separate reference charts to fumble 
through. 

O Shows actual photos of wave- 
forms at key check points for 

quick comparison with those obtained 
on your own scope. 

"CircuiTrace" numbers on sche- 
matic are keyed to actual photos 

of printed boards, for easy location 
of specific circuit points. 
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O Component item numbers are 
keyed to chassis photos for parts 

location, and to parts list to enable 
you to quickly determine proper re- 
placement. 

OSpecial capacitor and resistor 
ratings are shown on the sche- 

matic; valuable where tolerances 
are a factor in replacement parts con- 
sideration. 
O Coil and transformer color codes 

or terminal identifications are 
given to speed tracing of connections. 
O Test points are shown for speedy 

reference in measuring and 
servicing. 

OSpecial currents (B+ supply, 
horizontal output cathode, ver- 

tical output cathode, etc.) are given. 
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to isolate improperly operating cir- 
cuits or components. 
O Alignment points are identified 

on the schematic and photos, 
and are keyed in with the alignment 
procedures for rapid, error -free ad- 
justments. 

OTube functions are shown on 
schematic and Tube Placement 

Charts to help you quickly isolate 
troubles. 

O Complete identification of con- 
trols and switches quickly shows 

their functions without needless cir- 
cuit tracing. Arrows indicate direction 
of rotation to help you understand 
circuit operation. 

O Coil resistances over 1 -ohm are 
shown -a great help in determin- 
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NEW WESTINGHOUSE 
TV CIII ChITS 

A "re- broadcaster" for private audio, an "instant -on" 
tube saver, and a combined width -linearity adjustment 
are some of the noteworthy features of the new TV sets. 

OLD HANDS at TV service are 
wont to say that there is noth- 
ing new in the field any more. 

Sets have fallen into a fairly uniform, 
unchanging pattern, with a few 
predictable variations. The same thing 
has happened to service. For the ex- 
perienced, troubleshooting is mostly dull 
routine with few surprises. These claims 
have just enough truth to make them 
sound credible. 

But every manufacturer has a staff 
of design engineers who, to earn their 
keep, must innovate constantly. The 
result? Even the common table radio, 
"rigidly standardized" for more than 
a decade, has crept up on you if you 
haven't been watching. Tubes with low 
filament power and multi- function 
types, reducing the number of tube en- 
velopes, have changed the old line -up. 
We see printed boards and some trick 
circuits. And much more of the same 
happens in TV. 

The current Westinghouse line is just 
one case in point. What with new cir- 
cuits and components, new adaptations 
of old ideas, and recent changes growing 
out of earlier changes, there is enough 
to talk about and keep up with. An 
example of an old horse pulling a new 
wagon is the "Remote Radio Speaker" 
feature, which is a frill added to re- 
ceivers designed for operation by re- 
mote control. 

The control system is interesting in 
itself, although it involves no radical 
changes. Output from a wireless, ultra- 
sonic transmitter is picked up by a 
transistorized, remote- function receiver 
at the TV set. On -off control of the TV 
set, three fixed levels of audio output, 
and channel selection are the primary 
functions. The remote- control receiver. 

N.ov 

which draws negligible current. may be 
left on at all times so that the trans- 
mitter can turn on the TV circuits. The 
"Radio Speaker" feature eliminates a 
problem that sometimes arises with re- 
mote- control operation and also adds a 
convenience apart from this function. 

The heart of the added feature is the 
simple re- broadcast oscillator, located 
inside the TV cabinet, shown in Fig. 1. 
The basic notion has been around for 
years. The phono oscillator, which per- 
mits a record changer to be played 
through a radio in the same room with- 
out wire connections, is one version. The 
wireless baby sitter is another variation. 

Here a single p -n -p transistor is the 
oscillator. The filtered cathode of the 
TV receiver's audio output tube is a 
convenient source for picking up the 
required low "B +." Resistors R. and R, 
drop the 20 volts down to the 10.8 volts 
needed at the transistor emitter. The 
base is reverse -biased from the same 
source through resistor R_, so that the 
stage is cut off most of the time. How- 
ever positive feedback from the tank 
circuit, through C,, provides brief, pe- 
riodic forward bias to permit conduc- 
tion during part of each oscillatory 
cycle. In effect we have a class -C stage. 
Principal components in the oscillator 

WIDTH PERMANENT 
S UG MAGNET 

COL 

LINEARITY 
SLUG 

Fig. 2. Single- winding, dual -slug, width - 
linearity coil permits independent control. 

tank are transformer L,, tuning capaci- 
tor C,, L:. (which suppresses harmonic 
output), and antenna coil L_. 

When the detected TV audio signal 
is applied to the r.f. oscillator through 
C,, it amplitude -modulates the output. 
The latter may be picked up by any 
AM radio in the same room or over 
a greater, reasonable distance. Audio 
may be applied ria the remote control. 
In this arrangement, only two fixed 
levels of sound are provided remotely 
through the TV speaker instead of 
three. The third position now cuts out 
direct TV sound and applies audio sig- 
nal to the re- broadcast oscillator. A 
shaft on C., permits customer adjust- 
ment so that the transmitter can be 
tuned for a clear spot on the regular, 
AM band. The design complies with 
FCC regulations to avoid interference. 

Entirely by remote control, the viewer 
can now select either of two volume 
levels from the TV speaker or listen 
only through a chairside radio, through 
which he has full -range command of 
level. He can thus keep volume high 
enough for his own enjoyment but low 
enough to avoid interfering with peo- 
ple in the room who are engaged in 
other activities. Better yet, he can pick 
up through a transistor radio in his 
shirt pocket. With an accessory ear- 
phone, he can have all the level he 
wants without a whisper going to any- 
one else. The idea may be old- -but who 
thought of using it this way? 

Another familiar figure in new dress 
is "Instant On," a variant of standby 
operation used in much broadcast and 
commercial equipment, featured in the 
Westinghouse V2416 series chassis. A 
semiconductor diode, XI..:, is shown 
(Fig. 3) in the series filament line. With 

Fig. 1. Single- transistor circuit radiates TV audio to a 
separate, independently controlled radio near the viewer. 

Fig. 3. The diode in series with the filament line in the 
"off" position rectifies and drops a.c. to keep tubes warm. 
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on -off switch SW., closed, the diode is 
shorted out, the receiver is on, and op- 
eration is normal. 

When the switch is opened to turn 
the set off, line voltage (broken line) 
is still applied to the heaters, through 
the rectifier. However X,..:: serves the 
purpose of a voltage- dropping device. 
This is so because its high -ripple, half - 
wave output has the effective value of 
86 volts d.c. across the heater string, 
instead of the "on" value of 117 volts. 
With this reduced voltage keeping 
filaments somewhat alive in the "off" 
receiver, as long as the latter is plugged 
into an outlet, the normal warm -up 
period is eliminated. Picture and sound 
come right up at turn -on. (A semi- 
conductor voltage doubler provides im- 
mediate "B+. ") For safety's sake, fusi- 
ble resistor R.. will open in the event 
of a short or other abnormal overload 
condition, effectively "pulling the plug." 

Effect on Reliability 

The "off" receiver thus consumes 
about 32 watts on a continuous basis, 
or no more than a modest incandescent 
lamp. Increased power cost is not pro- 
hibitive- -but is the convenience pro- 
vided worth even such a boost? Perhaps 
not, only from the viewpoint just noted, 
but there are other factors to consider. 
Readers may recall some of the promo- 
tional "reliability" demonstrations 
staged at times by various tube manu- 
facturers. A TV receiver is publicly 
operated, on a continuous basis for, say, 
3000 hours, representing perhaps two 
or three years of normal use time - 
without a single defective tube at the 
end of the test period. These demon- 
strations never fail to be impressive, 
but they are substantially aided by an 
important factor. The continuous run 
does not include the frequent on -off 
cycles, perhaps a thousand of them, to 
which a TV set is normally subjected 
in 3000 hours of home use. 

The materials used to make tube fila- 
ments are such that a heater behaves 
like a voltage- sensitive resistor, exhibit- 
ing a cold resistance that is many times 
lower than its hot value. This accounts 
for the heavy instantaneous current 
surge when a cold receiver is first 
turned on. Although the tubes heat to 
normal resistance and stabilized oper- 
ating current in only a few seconds, the 
short -term condition subjects them to 
severe stress. The cumulative effect of 
such repeated assaults is heater failure, 
in addition to other tube defects. Many 
experts have indicted on -off cycling as 
the culprit in most tube failures. 

With the standby operation provided 
by "Instant On," long -term tube relia- 
bility and performance should resemble 
the results obtained in the public dem- 
onstrations mentioned. Since tube fail- 
ure accounts, by far, for the greatest 
number of set defects, an important 
gain is realized here. In addition, the 
constant warmth produced by low - 
power heater operation helps in an- 
other way. An important cause of break- 
down in many types of components 
other than tubes is the cumulative ef- 
fect of humidity absorbed from the air. 

The development of high- voltage arcing 
is just one example. Other components 
are also sensitive to cold -hot changes 
associated with on -off cycling. 

Constant chassis warmth, not enough 
to be a factor in heat -caused defects, 
combats humidity and minimizes wide 
temperature variations. It is too early 
for a statistical analysis based on field 
experience, but the over -all contribu- 
tion of standby operation to conveni- 
ence, stability, reliability, and reduced 
maintenance costs should go much 
further than merely balancing out the 
slight increase in power costs. 

Width and Linearity 
As the design of horizontal- output 

circuits improved over the years, it 
became possible to build better regu- 
lation of raster width and horizontal 
linearity into the receiver. Soon manu- 
facturers began to eliminate broad - 
range, continuously variable consumer 
controls for these factors as being 
largely unnecessary. Scarcely had they 
done so when 110- and 114 -degree pic- 
ture tubes came on the scene. The 
wider deflection angles and CRT geom- 
etry combined to magnify slight scan- 
ning- circuit deviations whose effects 

TO 
HORIZONTAL 

OUTPUT 
TUBE 

TO H. V. RECTIFIER 

metric non -linearity. Current increase 
is linear during most of the scanning 
cycle, but the greater rate of increase 
at the beginning and the leveling off 
at the end change the rate of electron - 
beam movement across the CRT face. 
The picture is correspondingly stretched 
on the left and bunched up at the right, 
a familiar nuisance. 

This can be corrected if the rate of 
change is made uniform, corresponding 
to the waveform of Fig. 5B. But a static 
change in the adjustment coil's imped- 
ance will not alter waveshape much. 
The permanent magnet at one end of 
the combination coil, into which the 
linearity slug extends (Fig. 2), settles 
the problem. 

The field associated with the magnet 
acts on the coil to change its normal 
circuit behavior. Coil impedance is now 
changed by the amount of current pass- 
ing through it. In effect, it is a saturable 
reactor. As deflection current through 
it increases or decreases during one cy- 
cle, there will be an abrupt change in 
impedance. This non - linear behavior 
thus affects the rate of current change 
through the coil and through the de- 
flection windings in series with it. Rota - 

(Continued on page 76) 

B++ 
TO 
AGC 

HORIZONTAL 
DEFLECTION 

COILS 

LINEARITY 

C26 

C24 

might otherwise have passed notice. 
Width and linearity problems were 

back. Also on their way back now are 
width and linearity controls. For ac- 
curate correction of horizontal raster 
shape, Westinghouse is using a single 
coil (Fig. 2) with a pair of separately 
adjustable slugs, one at either end, for 
independent control of width and lin- 
earity. As shown in Fig. 4, the corn - 
bination coil is in series with the hori- 
zontal- deflection windings of the yoke. 
Adjustment of the width slug produces 
a fixed change in the coil's inductance. 
Since this determines what portion of 
the applied deflection voltage is dropped 
across the coil, it also determines how 
much deflection voltage is left for the 
yoke. Amplitude of the latter estab- 
lishes width, but has little effect on 
linearity since the deflection waveshape 
is not altered significantly. 

Non -linearity - and we must deal 
with more than one type these days - 
is associated with waveshape. The most 
familiar, earliest recognized variety, 
which occurs when deflection current 
varies as shown in Fig. 5A, is asym- 

DTN 

(A) 

(B) 

Fig. 4. Horizontal - 
output circuit using 
the dual width and 
linearity coil, in 
series with the de- 
flection coils. A 
network for shaping 
the saw -tooth wave- 
form to compensate 
for scanning distor- 
tion introduced by 
the CRT includes 
capacitors C,. , CI,... 

Fig. 5. Saw -tooth producing (Al asymet- 
ric non -linearity and (B) good linearity. 

Fig. 6. How a wide -angle CRT IA) causes 
symmetrical non -linearity and IB) the 
waveshape needed to compensate for it. 

(A) u (BI 
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Put your money in quality parts . 

THE MOST ADVANCED 
STEREO TUNER KIT AVAILABLE 

New 9- transistor 
CITIZEN'S BAND 
WALKIE - TALKIE 
Superheterodyne re 

ceiver -crystal. controlled transmitter; 
built -in squelch and noise- limiter; port- 
able- battery powered; 1-3 mile operating 
range; easy circuit board assembly. 2 lbs. 
Kit GW -21 $44.94 each. $84.95 a pair 

New miniature HI -FI SPEAKER SYSTEM 
-AS -81 Series-65-14,500 cps response 
from 6' woofer and 3' tweeter in factory 
assembled cabinet just 10%' W x 6' H x 

6 %- D. Available wal., mahog. or untin. 
from $17.50 

58 

Here's the kit tuner you've asked for, the 
Heathkit AJ -4I! AM, FM or Stereo FM 
Multiplex. Self- contained with Multiplex 
Adaptor built -in! New FM squelch circuit 
hushes between- station noise. Stereo In- 
dictor light shows when FM station is 
broadcasting stereo. Separate tuning meters 
for AM & FM. Broad -band circuitry. 
Cathode follower outputs. Preassembled 
tuner, prealigned coils, circuit boards. 
Kit AJ -41, no money down, $11 mo...$119.95 
Assembled AJW -41, $18 mo $189.95 

Heathkit - always first with the finest, guarantees success with any of these new kits 

The World at your Fingertips -only $24.95 
-Covers 140 kc to 18 me in 4 bands to re- 
ceive aircraft. broadcast. amateur, police, 
and foreign stations. Regen. circuit: trans- 
former isolated. 
Kit GR -81, no money down. $5 mo. $24.95 

Step saving WIRELESS INTERCOM -No 
more connecting wires between stations. 
just plug in nearest outlet: works with units 
on same power line. All transistor circuit; 
built -in AC power supply. "Alt-master" 
system, any station may originate a call. 
Standby squelch circuit. Overload diode. 
Indicator lights. Beige color. 
Kit GO -51 -2 (pair) no money down 

$5 mo $45.90 

Powerful SSB mobile AMATEUR 
TRANSMITTER and RECEIVER -Com- 
plete SSB facilities! 90 watts, 80 through 
10. Loaded with extras for top performance 
-easy assembly -convenient operation! 
Kit HX -20 ... $199.95; HR -20 ... $134,50 
GH -12 Mike Illustrated $6.95 

ELECTRONIC TACHOMETER for In- 
boards, outboards or cars -Transistor 
circuit; dual range. 0-4000 & 0-8000 rpm, 
switch -selected: usable with coil- distribu- 
tor or magneto systems; price to be an- 
nounced. 

ELECTRONICS WORLD 
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better performance, more satis action with 

TWO NEW HEATHKIT 
TUBE TESTERS AND MODERN 

TUBE DATA SUBSCRIPTION SERVICE 

TUBE CHECKER IT -21: Suc- 

cessor to famous Heathkit TC -3. Tests all 
tube types including new compactron, nu- 
vistor, novar and 10 -pin types! Built -in roll 
chart. Individual tube element switches. Tests 

for quality, shorts, leakage, open elements 

and continuity. $44.95 

MUTUAL CONDUCTANCE TUBE TESTER TT -1A: 

Deluxe tube testing facilities! Includes adapter in lid for 
testing new compactron, nuvistor, novar and 10 -pin tube 

types. Indicates Gm to 24,000 microhoms. Constant cur- 
rent heater supplies. Ultra- sensitive grid current test. Di- 
rect reading ohmmeter leakage test. Built -in calibration 
circuit & roll chart. Professional quality throughout. 

$149.95 

ADAPTER KIT TTA -1 -1: Converts earlier model TT -I to 
TT -IA. Consists of new cabinet lid, sockets and selector 

switches and necessary tube test data. $14.95 

NEW TUBE SUBSCRIPTION DATA SERVICE: Up- 
to -date supplements on all new tube types will be auto- 

matically mailed quarterly to all subscribers. New roll 
chart mailed annually. A valuable service to past and pre- 

sent Heathkit tube checker owners! State your tube checker 

model upon ordering. 
TC -3 series $1.50 per year, TT -1 series $2.50 per year. 

WORLDS BIGGEST 

KIT CATALOG -FREE 

Use the coupon opposite to send 
for your free copy of the new 1962 

Heathkit catalog. It's the world's 
biggest catalog devoted to elec- 
tronic kits. 100 pages, over 250 

different kits, with complete de- 
scriptions, schematics, big 
photographs, and full specifica- 
tions. Send for yours now! 

March, 1962 

HEATH COMPANY 
Banton Harbor 15, Michigan 

'j Yes, send me my tree 1 %2 Heathkit catalog 

NAME 

ADDRESS 

CITY- ZONE STATE 

Order direct by mail or see your Heathkit dealer. 

Ship O Parcel Post O Express O C.O.D. O Best Way 

°rdming Instructions: Fill oul the order blank. Include charges for parcel post 

according to weights shown. (sores. orders shipped delivery charges collect. All 
prices F. O. B. Benton Harbor. Mien. A 20t4 deposit is reguir .d on all C.O.D. 

orders. Prices subject to change without nonce. Dealer and mood prices slightly 

higher. 

ITEM MODEL NO. PRICE 
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u 

automatic turntable 

i 

A 

C 

Oproduction 

R 

M 

R 

the new 

Miracord 

is both 
Here's the best of two 
worlds in one exciting 
package ... the all -new 

Miracord automatic turn- 

table and record changer. 

Enjoy perfect record re- 

only a profes- 

sional turntable and tone 

arm offers ... or the con - 

venience of uninterrupted 

music, hours on end. 
Choose either model: the 

STUDIO H with hysteresis 

synchronous motor - 
$99.50; or the STUDIO 

with heavy -duty, shaded 

4 -pole motor - $19.95. 

record 

-- 

changer 

For complete lip, motion write: 

BEN JAM IN 
ELECTRONIC SOUND CORP. 

Dept. EW'3 62 -91-03 43d Ave., Corona 68, N.Y. 
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PORTABLE SOLID -STATE LASER 

Compact transmitter shoots a beam of intense coherent 
light for use in space research work and in medicine. 

ATOTALLY new pistol -like, solid - 
state laser that shoots a beam of 

intense coherent light for use in re- 
search work extending from space 
communications to medicine was dem- 
onstrated recently by Kollsnunt Instru- 
ment Corp. This device represents an 
advanced line of highly portable com- 
pact lasers. (The term "laser" stands 
for light amplification by stimulated 
emission of radiation./ The company 
is offering four distinct models as an 
inexpensive research tool for use in 
industrial, military, and university lab- 
oratories as well as in teaching pro- 
grams. 

These units. designated "PistoLasers" 
because of their double pistol grip, were 
designed to satisfy a number of diversi- 
fied applications in the field of optical 
electronic research and development. 
In communications research, for ex- 
ample, they can be used to study the 
characteristics of very narrow beam 
width optical data transmission. In 
crystallography, they can be used to 
study crystal structures using non- 
linear light transmission. In photogra- 
phy, they can be used for taking pictures 
of extreme clarity. In biology, their 
primary use will be in the study of 
biological responses to high- intensity 
monochromatic stimulation. In medical 
research, they can be used to study 
high- intensity cauterization. 

Recently, a laser developed by the 
Americus Optical Co. was used success- 
fully to destroy a tumor on a patient's 
retina at the Columbia- Presbyterian 
Medical Center, New York City. The 
highly concentrated light beam burned 

out a tiny piece of tissue MI the retina 
in what amounted to very delicate sur- 
gery. Although intense light sources 
have been used previously for this type 
of operation, this is the first recorded 
use of an intense, accurately control- 
lable light beam from a laser. 

The "PistmLaser" is a solid -state de- 
vice which generates electromagnetic 
waves in a coherent beam. The coherent 
light output has a wavelength of 6929 
angstrom units t red t and the light pulse 
train duration is approximately 0.2 
millisec. Beam divergence is less than 
0.3 degree. Its spectral brightness nteas- 
wed in energy per unit wavelength far 
exceeds that known from any other 
conventional source. The radiation out- 
put of the pulsed ruby laser beam is 
more than one billion times greater than 
the corresponding output of the sun 
within the saute frequency band. 

The laser is designed to ((penile either 
automatically or manually and is 
equipped with a continuously variable 
high -voltage power supply. It can be 
operated by battery or from a conven- 
tional 117 -volt, 60 -cps a.c. outlet. 

Accessory units :Iie being made avail- 
able to supplement the laser light 
source in order to demonstrate partic- 
ular advanced optical electronic sys- 
tems. For example. a single accessory 
receiving Unit can convert the unit into 
an optical radar system. 

The complete unit, including remov- 
able cover, measures only 12".," high, 
12" wide, and sleep and it can be 
carried easily by means of a web shoul- 
der st carp which is supplied. Total weight 
is 

The scientist at the left is aiming the narrow bears of intense coherent red light from 
the head of the laser unit toward the viewing screen. Triggers in both pistol -grip 
handles must be operated in order to energize the device. The head unit fits inside 
a compartment in portable power -supply carrying case shown open on the bench. 

ELECTRONICS WORLD 
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NOTHING, BUT NOTHING 
makes it easier to understand 
the 6 building blocks essential 
to your progress in the 
electronics field 
RIDER `PICTURED - 
TEXT' COURSES 
on Electricity, Electronics, Radio Communications, Television, Audio, Mathematics 

RIDER 'PICTURED -TEXT' COURSES HAVE SPEEDED TENS OF THOUSANDS TO SUCCESS 

If you are in electronics - or about to enter rt - 

there are six areas in which a first knowledge is 
essential to your progress. They are: electricity 

- electronics -- radio - communications - 
television--and mathematics. These subjects are 
covered in many, many books available today. 
However, when it comes to making these sub- 
jects completely understandable and usable. 
nothing but nothing compares with the proven 
Rider 'Pictured -Text' Courses. The Rider 'Pic- 
tured -Text' Course is a by -word in the field. 
Thousands of people started their successful 
careers in the electronic field with Rider 'l'ie- 
turd- Tests'. So effective are these courses that 
the nation's leading manufacturing companies. 
communication services, electrical unions and 
vocational schools use them for teaching these 
subjects at the basic level. 

NOTHING 8UT NOTHING TEACHES BETTER 
THAN PICTURES 

The reasons for the success of these courses in 
making subjects understandable are: 
1 Written by the top authorites in elec- 

tronics. 

2 Content is complete and accurate -contains 
all the information on the particular sub- 

ject you need. explained in language that is 
concise, and down -to- earth. 

3r Carefully prepared. conceived and selected 
illustrations --at least one to a page -rein- 

force each idea and with dramatic force estab- 
lish every idea pictorially as well as verbally. 

BASIC ELECTRICITY by T'an Volkenburph, .Vooper 
& . \'vrille, far. "...The discussions are so lucid 
that almost anyone could learn even by home 
study -NATIONAL SCIENCE TEACHERS ASSO- 
CIATION. 5 -Vol. civilian version of the U. S. Navy 
course with more than 900 illustrations, makes 
the fundamentals of electricity crystal clear - 
DC components and their circuits. AC compo- 
nents and their circuits: AC and DC motors and 
machinery. #169. 5- vols., soft covers. $11.25; 
7169 -H, all 5 vols. in one cloth binding. $12.75. 

BASIC ELECTRONICS 
by l'an I'alke n burgh. Hooper & Neville, Inc. 

Now available in two ways. 
BASIC ELECTRONICS STANDARD COURSE "... A 
better and quicker way to teach and learn..." 
Fr. G,IlnfiN RAMBLER. 
Available as heretofore. 5 -vols. civilian version 
of the U. S. Navy course with more than 800 
carefully selected illustrations makes the func- 
tion and operation of vacuum tube diodes, power 

nulq,lics, vacuum tube :utgditiers, receivers, and 
transmitters, r 

x 

ystnl olenr. ¡,170, Vols. I to V. 
soft covers, $11.25; :170 -IT, all 5 vols. in one 
cloth binding. $12.75. 
B ASIC ELECTRONICS EXPANDED COURSE. A six - 
volume course consisting of the original five vol- 
unies and a sixth volume that covers semicon- 
ductors. transistors. and frequency modulation. 
#170 -X. set of Vols. I to VI in soft covers. 
$13.85. ,7170 -XH. all 6 vols. in a single cloth 
binding, $14.85. 
B ASIC ELECTRONICS VOL. VI ONLY, For the many 
now using the 5-volume course and who wish to 
expand into the areas of semiconductors, transis- 
tors. and frequency modulation. #170 -611. cloth, 
$3.95. 
B ASIC TELEVISION by :tier. Schure, Ph.D. 

.. Most understandable presentation of the 
basic theory, operation and circuitry of black 
and white television ever published...Explained 
wth utmost clarity In words as well as by Illus. 
/rations that visualise each pt ... " -ELEC- 
TIgtNICS S. COMMUNICATIONS, #198. 5- vols., soft 
rovers. $11.25 per set; #198 -H. all 5- -vols. in one 
cloth binding, $12.73. 
BASIC RADIO by Marvin Tepper " .. A good 
and carefully written basic course In radio fun- 
damentals."- ELECTRONICS WORLD. This six vol- 
ume 'pictured -text' course presents the funda- 
mentals of radio communications with a close 
tie -in to the practical. The theory of AC and DC 
circuits is treated in depth in order to serve as a 
foundation for the explanations and analysis of 
numerous receiver and transmitter circuits. The 
presentation is at the intermediate level. equiva- 
lent to instruction in technical institutes. Basic 
Radin presupposes no previous knowledge of 
electricity. It teaches it. #197, 6 vols.. soft covers, 
$13.85; :197 -II, all six vols. in one cloth bind- 
ing. $14.85. 
BASIC AUDIO by Norman II. Crouhurat 

.. This set of books is effectively a complete 
course In basic audio theory" -- POPULAR ELEC- 
TRONICS. "... both beginning experimenters and 
more experienced hobbyists will find no other 
syllabus more richly informative or authoritative 

HIGH FIDELITY MAGAZINE. More than 400 
'teaching pictures' supported by simple down - 
to -earth text makes each component in the re- 
production of sound completely understandable. 
YOL. 1- acoustics, microphones, speakers. audio 
measurements in music. VOL. ii- amplification 
and design of amplifiers. VOL. Hl -- feedback cir- 
cuitry: fundamentals of tone controls; audio 
power supplies. disc and tape recording. #201. 
3 vols.. soft covers. $8.70; #201 -H, 39 vols. in 
one cloth binding, $9.95. 

LATEST RIDER RELEASES 
HOW TO BUILD ELECTRONIC EQUIPMENT b 
J. Richard Johnson. Whether electronic 
equipment is your hobby, or you are called 
upon to build it as an engineer or technician, 
this book will help you do a better. cleaner 
job and get the most out of the equipment 
you are building. While it provides complete 
instructions on how to build electronic equip- 
ment starting from the schematic diagram, 
the kit-buyer--not quite ready to build equip- 
ment from "scratch" -will also get better 
results. Presented in the order in which 
things would be done in a typical project. 
Topics covered include: what typical elec- 
tronic equipment looks like; tools and mate- 
rials; the selection and working of the 
chassis. layout, checking, painting, marking 
and calibrating. #286, hard cover, $6.95. 

MASTER CARTRIDGE SUBSTITUTION GUIDE- 
BOOK by Jack Strong. Enables you to locate 
the exact or equivalent replacement car- 
tridge for nearly every record player manu- 
factured since 1930. It pays for itself over 
and over again by: saving time locating the 
right replacement quickly; saving money by 
cutting down on the number of cartridges 
you need to stock. Every service technician 
will want this guidebook. #288. $2.00. 

TUBE CADDY -TUBE SUBSTITUTION GUIDE- 
B OOK -1962 EDITION -bti II, A. Middleton. 
(Direct receiving tube substitutions only .. . 

plus added new feature, 1930 direct CRT 
substitutions.) Designed for the service- 
man's tube caddy. #299, still only 90c. 

BASIC MATHEMATICS by Nir,van II. Croerhurst. 
"Needed for much too long a time" clIAlLESTON 
ENE N I NG LOST. "Uses pictured -text to simplify 
mathematical ideas" HST. 4 -Vol. pirlured test 
rursr. Provides the foundation in basic mathe- 
no:oirs necessary for advancement in n wide 
variety of activities involving trades of many 
kinds among which is the broad field of elec- 
tronics technology. Uses the "unity approach" 
proposed by leading mathematicians and educa- 
tors. Treats the various branches of basic 
mathematics as one continuous development of 
mathematics. Thus arithmetic, algebra, geom- 
etry, trigonometry and calculus - heretofore 
considered unrelated and as specialized areas of 
mathematics - are treated together at progres- 
sively rising levels. 

Nose available Volumes I, IT and III; Volume IV 
in Summer 1962. 
VOLUME I, Arithmetic as an Outgrowth of 
Learning to Count. #268 -1, $3.90. 
VOLUME II, Introducing Algebra. Geometry. 
Trigonometry. As Ways of Thinking in Mathe- 
matics. #268 -2. $3.90. 
VOLUME III, Developing Algebra, Geometry, 
Trigonometry. Calculus as Working Methods in 
Mathematics. #268 -3. $3.90. 
VOLUME IV (Available in Summer 1962). Devel- 
oping Algebra, Geometry, Trigonometry, Calcu- 
lus Analytical Methods in Mr.thcmntirs, 

- I. 53.90. 
RIDER PICTURED -TEXT COURSES ARE THE 
MOST ECONOMICAL WAY OF LEARNING 

You'll note that these complete cou -ses range 
in pries from as IoW as 59.00 to under SI5.00 for 
a six volume course. A small price indeed for a 
comprehensive course of introduction in these 
subject areas. Rider 'Pictured -Text' Courses are 
available at book stores, electronic parts dis- 
tributors, or direct. Use the convenient coupon 
below to order. 

10DAY MONEY BACK GUARANTEE 
r JOHN F. RIDER PUBLISHER, INC. Dept. EW -3 

A division of the Hoyden Publishing Co., Inc. 
116 West 14th St., New York 11, N. Y. 

Enclosed is S Please send me 
postpaid: 
Basic Electricity (5 vol.), soft covers, $11.25 E. 
cloth, $12.75 n. 
Basic Electronics (Standard 5 vol. cou-se), soft 
covers, $11.25 El; cloth, $12.75 D. 
B asic Electronics (Expanded 6 vol. course), soft 
covers, $13.85 ; cloth, $14.85 O. 
B asic Electronics (vol. 6 only), soft cover, 
$2.90 ; cloth, $3.95 P. 
B asic Television (5 vol.), soft covers, $11.25 ; 
cloth, $12.75 D. 
Basic Radio (6 vol.), soft covers, $13.85 ; 
cloth, $14.85 D. 
Basic Audio (3 vol.), soft covers, $8.70 ; 
cloth, $9.95 . 
Basic Mathematics (vol. I), $3.90 ; (vol. II), 
$3.90, r, ; (vol. III), $3.90 . 
H ow To Build Electronic Equipment, $6.95 D. 
Master Cartridge Substitution Guidebook, $2. r. 
Tube Caddy - Tube Substitution Guidebook - 
1962 Ed., 90e . 
Name 

Address 

City Zone State 
I must be satisfied, or I can return the books 
within 10 days for full refund. 
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A E R O V O X -;PRODUCT: 

ELECTROLYTIC Tovsi 

CAPACITORS 

PROVIDE TOP 

QUALITY IN EVERY 

EXACT REPLACEMENT 

TYPE YOU NEED 

EROVOX 

AFH twist -prong 'lytics feature 
85 C operation, improved sealing, 
high -purity aluminum foil construc- 
tion throughout, ruggedized prongs 
and mounting terminals. 

PR 

for exact replacements in TV re- 
ceivers and antenna rotating devices. 
Available in singles, duals, triples, 
quads, and quints for 0 -65 -C 

operation. 

11 PRS compact "Dandee" units for 
, trouble -free repair of series -string 

TV and AC -DC table radios. Made in 
singles, duals, and triples, as well 
as AC rated and non -polarized units. 

SRE 
.. "Bantam" metal tubular 'lytics 

hermetically -sealed in aluminum cans 
with cardboard insulating sleeves. 
Smaller than the PRS but capable 
of handling full size loads to 85 C. 

PTT -PWE miniaturized t bular 
lytics for repair of personal tran- 
sistor radios, portable TV set , and 
all space -tight requirements. Feature 
"Polycap plastic cases with ex- 
ceptional humidity resistance. 

BCD 
upright mounting lytics for replace- 
ment in printed circuits, transistor- 
ized and auto radios. "Polycap" case 
and epoxy seal offer excellent mois- 
ture barrier to protect against drying 

out or leakage. 

HCB 
...high-capacity-low voltage 'lytics 
designed especially for application, 
such as motion picture sound equip- 
ment, electric fence controls and 
other low voltage applications. 

1 eineình, it pays tu 'use Acroro. 
Ask your Aerovox Distributor 
for a free Electrolytic Guide 
AFG -370 and AFH Twist-Prong 
'Lytle Booklet AFH -161. 

EROVOX 

AEROVOX CORPORATION 
DISTRIBUIOI DIVISION NEW Htof ORD. Mass. 

cal Lea c^rs.':ip - .. . 
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Versatile Electronic Switch 
(Continued fron page 51) 

to the voltage level set by R. Beyond 
this CR. is reverse- biased and the re- 
maining collector change is not coupled 
to the time -constant network R, and C. 

After the transition, V, is off and V, 
is on, with diodes CR, and CR, forward - 
biased and CR, and CR, reverse -biased. 
This state is maintained until C_ dis- 
charges through R, far enough to allow 
V, to begin to conduct. The setting of R. 
and the diode network control the frac- 
tion of each collector voltage change ap- 
plied to the opposite base. Since the 
discharge rate is essentially constant, 
the setting of R, determines the time be- 
tween transitions. 

The lowest frequency is obtained 
when the slider of R, is closest to the 
grounded side of the voltage divider. As 
R, and R, are selected for optimum bias 
current, changes in the lowest frequency 
should be made by changes in the values 
of C, and C,. These capacitors should be 
of equal value to maintain an equal divi- 
sion of the operating period. Resistor R. 
limits the maximum frequency attain- 
able. In the unit described, the value of 
R. was selected so that maximum fre- 
quency was just below the capability of 
the relay. Any desired range may be 
selected by component choice within the 
above limits. For example, if C, and C, 
are each 5 µf. and R, 6800 ohms, the 
frequency range will be approximately 
0.5 to 7 pulses per second. Some may 
question the use of electrolytes in this 
application. However, the leakage in 
reasonably good -quality units should be 
low and consistent enough to ensure 
equal division of the period to within 
10'.. 

The relay is driven by transistor V:: 
operating as a common- emitter circuit. 
When V, is off, its collector voltage is 
high. This forward -biases the base of V:: 
through R,,., causing the relay to close. 
When V, turns on, its collector voltage 
drops. The forward bias on V:. is reduced 

and the relay opens. As in any inductive 
circuit, extremely large transient volt- 
ages may be produced across the induc- 
tive element when the current through 
it is interrupted. The relay is capable 
of storing more than enough energy to 
ruin V. in this manner. Therefore, diode 
CR, is included to dissipate this stored 
energy and thus protect V. Its polarity 
is such that it is reverse -biased while 
current flows through the relay. How- 
ever, it is forward -biased and thus essen- 
tially a short -circuit to the voltage 
induced by the collapsing magnetic field 
in the relay when V:: turns off. 

Construction 
For those who are able to duplicate 

etched boards, a copy of the master used 
appears in Fig. 5. The board is 31:"X 
5i /z" and was made on copper -clad phe- 
nolic material at_" thick. Although this 
board was produced photographically, 
the conductors are sufficiently spaced so 
that almost any of the popular repro- 
duction techniques should be satisfac- 
tory. In cases where an etched board is 
not feasible and hand wiring must be 
resorted to, a unit of similar appearance 
and utility may be built on readily avail- 
able perforated board, such as "Vector - 
board." The placement of parts may be 
determined from the photographs. 
Stand -off terminals and eyelets were 
employed on the author's board, but 
with care in soldering, their use is not 
mandatory. 

The only precaution to be taken is in 
placement of the leads to the relay con- 
tacts. These were twisted and run to the 
three output terminals, and kept well 
away from the rest of the components. 
This minimizes the possibility of pickup 
in the circuit and erratic operation of 
the multivibrator. This same criterion 
would also apply in the case of a hand - 
wired circuit. Although not employed in 
the author's unit, a s.p.s.t. switch may 
be mounted on the board. The conductor 
should be broken at the point indicated 
in one of the photos and the switch con- 
tacts connected between points 8 and 
10. 

Fig. 5. Copy of master (not to size) used by author for the printed -circuit board. 
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Salvaging of 

Salt- Watered Radios 
By M. G. MASTIN 

MOSTLY in the summer. and in any 
salt -water area, many people 

who take their portable radios to the 
beach and on small boats are surprised 
by a salt -water drenching. This is not 
conducive to long life for the radio. 

Because most technicians will not at- 
tempt to service a portable that has 
been in salt water, it may be of interest 
to know that, in general, salvage is rela- 
tively easy. since my record of success. 
so far, is 10051 . 

The procedure is simple. Turn the 
hose on the exposed chassis. Care is 
taken to Clow water over all parts, and 
especially inside the i.f. transformer 
housings. After this dip it into a bucket 
containing a dilute solution of baking 
soda (sodium bicarbonate) in water - 
one teaspoonful per quart -and then 
douse it up and down in two rinses of 
soft water. Hard water leaves conduc- 
tive residues after drying. but rain wa- 
ter or distilled water gives good results. 
Excess water should be removed by 
shaking and by drying with a cloth. 
Washing and rinsing is done as rapidly 
as possible. Then, place the radio on a 
rack above a hot -water heater, if pos- 
sible. to dry. 

The use of baking soda is based on a 
sound principle in chemistry. Sea water 
contains magnesium chloride, potas- 
sium chloride. sodium chloride. and mag- 
nesium sulfate, slated in the order of 
their ability to pick up moisture from 
the air. Also. all of the chlorides badly 
corrode the metals used in radio.. So- 
dium bicarbonate reacts with magne- 
sium chloride to form magnesium 
carbonate, which is non -hygroscopic and 
relatively non -corrosive. To some extent 
the other salts are rendered less active. 
Therefore a radio which tests okay 
fresh from the drying stage will remain 
okay after subsequent exposure to 
humid air. If traces of magnesium 
chloride remain. humidity will likely re- 
sult in excessive leakage coupled with 
corrosion in such places as the i.f. trans- 
formers. 

The above procedure may seem dras- 
tic lo an electronics man, but the risk 
is small since, if nothing is attempted. 
the radio is ruined anyway. The prob- 
able reason for the success of the 
method is that components such as ca- 
pacitors, resistors, transistors and simi- 
lar items are sealed and that the other 
materials lend to resist wetting, at least 
for short immersions. In fact, the fir,' 
radio I salvaged was a high- qualil 
General Electric transistor set which 
came to me several months after sea- 
water wetting. The batteries were a 
thick soup and the terminals were com- 
pletely eaten away. Fortunately these 
corrosion products had not reached the 
chassis. After washing, the set played as 
good as new and is still playing over a 
year later. 

March, 1962 
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4-TRACK 
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J 
TOO! 

NOW THE 
MAGNECORD lympian 
has all of those features you would expect in a 
Magnecorder including 4 -track play and record! 

The Magnecord Olympian will 
provide incomparable sound and 
performance. Buy with confidence 
because the Olympian's versatility 
and capability will prove your 
wisdom and rank you with au- 
thorities in the art of tape record- 
ing. Friends will admire your 
judgement when you own the 
Magnecord Olympian. 

The Olympian is for those who 
want the best. It handles tapes 
like a dream - protects them from 
accidental erasure or breakage 
too. It has all the controls to sat- 
isfy the professional yet they are 
simple enough for the youngsters 
to use. It is built with satellite 
precision and custom care to make 
it the champion of recorders. 

Midwestern -built heads allow full frequency response of 40 to 15,000 cps 
4-2db at 7Vz ips. Precision construction couples wide dynamic range to a low 
signal -to -noise ratio. Flutter and wow is held below 0.15% at 71/2 ips. NAB 
standard VU meters are provided for each channel. Tape position is shown by 
a reliable 4 -digit odometer. Record up to 11/2 hours of music (7.5 ips. -1 mil. 
tape - 101/2- reels). 

n write for additional information and name of your nearest Magnecord dealer 

agnecord S A L E S D E P A R T M E N T 

MIDWESTERN INSTRUMENTS, INC. 
manufacturers of electronic data acquisition instruments 
P. O. BOX 7509 TULSA 35, OKLAHOMA 
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New SAMS BOOKS 
HOWARD W. SAMS 

Modern Dictionary of Electronics 
The one reference book 
you need most! The 
most comprehensive, 
authoritative, and up- 
to -date dictionary now 
available on electron- 
ics. Defines over 10,000 
words and terms; in- 
cludes more than 350 
illustrations; covers 
everything in the field of 
electronics. 384 pages; 
6 x 9 "; hardbound. Only $695 

Troubleshooting With The Oscilloscope 
Bob Middleton explains clearly how you can beet 
use the oscilloscope to actually view and analyze 
instantaneous electronic circuit actions, and apply 
what you see to more effective -IV and radio trouble - 
shooting. Ten practical chapters on: How to Operate 
a Scope; Application of Scope Probes; Signal - 
Tracing TV Circuits; Basic Visual Alignment; 
Square -Wave Signal Testing; Checking Horizontal 
Oscillator-AFC Circuits; Analyzing Horizontal 
Sweep Circuits; Servicing Vertical Oscillator & 
Sweep Circuits; Troubleshooting Radio Circuit.; 
Troubleshooting Audio & Hi -Fi Circuits. $9551 
128 pages; 5 x 81¢ ". Only 

ABC's of Missile Guidance 
A fascinating, easily understandable look on the 
principles used to guide today's missiles and 
satellites. Six interesting chapters describe: The 
Development of Rockets and Missiles; Propulsion 
Techniques; Fundamentals of Guidance; Preset 

Guidance Systems; Command Guidance and $195 Beam -Rider Systems. 96 pages; 5 34 x 8%". Only 

Aviation Electronics Handbook 
Modern aircraft are as dependent on electronic 
equipment as they are on fuel. This new book covers 
the use and operation of all types of aviation elec- 
tronics equipment. Eleven chapters cover: World 
Standard COMM /NAV Systems; The Aviation 
Frequency Spectrum; Aircraft Communications 
Systems; VHF Omnirange; Instrument Landing 
Systems; Automatic Direction Finders; Distance 
Measuring Equipment; Radar Beacon Trans- 

nders; Airborne Radar; Shop Facilities & Regu- 
lations; Aircraft Installations. 192 pages; $495 

" 534 x 8W. Only Y 

Electronics Experiments and Projects 
Len Buckwalter a new hook not only makes it 
easier to learn the principles of electronics, but is fun 
as well. Through unique, simple, original experi- 
ments, the reader quickly learns the composition 
and purpose of all the basic electronics components 
and actually constructs some of them. Projects 
include a low -power communications system, alarm 
detection device, weather station, and electronic 
computer; easily assembled from inexpensive 
parts. 128 pages; 5yrj x 8y5 ". Only $ZSO 

REPLACEMENT GUIDE 
FOR TV & AUTO RADIO CONTROLS 
Vol.4. Greatly expanded- covers 
30,640 TV and 1,286 auto -radio mod- 
els. Lists recommended replacement con- 
trols of Centralab, Clarostat, CTS- s gg 
IRC, and Mallory. 81/2 x l I". Only 

HOWARD W. SAMS & CO., INC. 
Order from your Sams DIaaibutor today 

a to Howard W. Sams & Co., Inc., Dept. C -12 
1720 E. 38th St., Indianapolis 6, Ind. 
Send me the following books: 
O Modern Dictionary of Electronics (DIC -1) 
O Troubleshooting With the Scope (TOS -1) 
O ABC's of Missile Guidance (GMS -I 
O Aviation Electronics Handbook (AEH1) 
O Electronics Exper. & Projects (ESE -1) 
O Replacement Control Guide (RGC -4) 

S enclosed. O Send Free Book List 

Nome 

Address 

City Zone State 
IN CANADA, A. C. Simmands & Sons, Ltd., Toronto 7 V as - - (outsido U.S.A. priced slightly higher) . e.g./ 
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A TRANSISTORIZED TV COMPENSATOR 
By RONALD H. WAGNER 

A simple, compensated circuit for hi -fi audio 
take -off that will work with most TV models. 

ALMOST every person interested in 
hi -fi has, at one time or another, 

decided to connect his television set into 
the hi -fi system. With this simple, easy - 
to -build compensator, it is possible to 
take the sound from the discriminator 
of almost any television set and con- 
nect it to any high -impedance preampli- 
fier input. 

The signal is taken directly from the 
plate of the discriminator tube, so a de- 
emphasis circuit must also be included. 
An input control on the compensator 
will also serve as an additional level con- 
trol. This will allow the signal level to 
be matched to other inputs. 

As can be seen from the circuit of Fig. 
1A, not too many parts are required 
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for the compensator. The 22.000 -ohm 
resistor and the .003 -11f. capacitor pro- 
vide de- emphasis. The 1 -;1f. unit couples 
the signal to the transistor base. The 
transistor is a relatively inexpensive 
p -ft -p type manufactured by General 
Electric. The two resistors connected 
to the base are for stabilizing transistor 
operation and provide the correct bias 
to the base. 

Fig. 1B is the response curve for the 
complete compensator. Although there 
is a roll -off in response beginning at 150 
cycles, the response is less than 3 db 
down at 90 cps. Since there are few, if 
any, programs on television that would 
have frequencies below this, it was not 
considered necessary to correct the re- 
sponse to any lower value. On the high 
end roll -off begins at 600 cps and is 2.8 
db down at 2500 cps. In comparison with 
the pre- emphasis curve, response was 
up 2.8 db at 2000 cps. At 10,000 cps it 
is -13.5 db and at 15,000 cps it is 

-16.25 db. This corresponds to 13.5 and 
17 db on the pre- emphasis curve. 

The collector supply voltage can be 
taken from the television receiver or 
from batteries. The batteries should last 
their shelf lite, because the current 
drain is only 1 ma. 

The internal connections to the TV 
receiver are indicated in Fig. 2. This 
type of discriminator is found in Zenith 
television sets and the signal voltage on 
the plate is about 10 volts on very loud 
peaks. 

For this reason, the compensating cir- 
cuit can have an insertion loss. How- 
ever, should any readers have sets that 
do not have enough signal, the circuit 
of Fig. 3 can be added to that of Fig. 
1A, and signals with levels down to a 
pew millivolts can be used. 

It should be noted that in Fig. lA the 
only additional change that must take 
place is that the supply voltage is now 
a minus 25 volts and there is also a 
2200 -ohm dropping resistor between the 
two collectors. 

In Fig. 2 the 500,000 -ohm level control 
should be adjusted to give the same out- 
put from the prcaunp as the phono and 
tuner input. This adjustment will lower 
the volume that is obtained from the 
television set, but in most cases this ef- 
fect is very small and can be ignored. 

The physical construction of this unit 
is not too critical and except for proper 
soldering technique for the transistors. 
almost anyone should be able to build 
it. 

Once you have heard this unit you 
will enjoy television much more and 
even the commercials will sound bet- 
ter. 
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1NTERNATIONAL'AXeCUtive MODEL 100 

1°A 

A precision engineered transceiver for Citizens Band 
licensees seeking outstanding design and performance. 
Tunable dual conversion superheterodyne receiver cov= 
cring all 23 channels. Two crystal control receive posi- 
tions. Push -to -talk operation. Three way power supply 
for (i /12 vdc and 115 vac. Five watts plate input. Certi- 
fied tolerance _i A05SL. Size 51/2" x 81/2" x 9" deep. 

Advanced engineering featured in the 
Executive Model 100 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

crystal filter minimizes adjacent 
channel interference. 
built -in calibration circuit. 
International NR squelch. 
12 position crystal control transmit 
channel selector. 
front panel microphone jack. 
provision for connecting external 
speaker and S /meter. 

FREE 1962 CATALOG 
AL'S 

Your buying guide for pre- 
cision radio crystals and 
quality electronic equip- 
ment. Complete data on 
International's Citizens 
Band transceivers and 
accessories. 

Send for it TODAY! 

r 

°Vri 

Complete with 1 transmit crystal, 1 re- 

ceive crystal, new style ceramic micro- 
phone and coil cord $199.50 

International Crystal Mfg. Co., Inc. 
18 North Lee, Oklahoma City, Okla. 

Rush FREE 1962 Catalog E N2 

Name 
Please print 

Address 

City Zone State 

INTERNATIONAL Crystal Manufacturing Co., Inc. 18 North Lee Oklahoma City, Okla. 
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TRANSISTOR 
POWER RATINGS 

& HEAT TRANSFER 
By D. F. JONES 

Excessive heat is the enemy of transistors. Here are some 

factors that must be taken into account to prevent burnout. 

TI.ANSISTORIZED circuits 
should, theoretically, have an un- 
limited lifetime. However, tran- 

sistors do fail. The cause of failure is 
often excessive internal temperature, 
which can be prevented by proper tran- 
sistor selection and use. The techniques 
and considerations involved with tran- 
sistors also apply to semiconductor 
diodes and photocells. 

Designers, technicians, and experi- 
menters should have some knowledge 
of transistor power ratings and heat 
transfer. We can determine whether or 
not a transistor and its mounting is ade- 
quate for its intended use. Sometimes a 
substitution can be made, either to one 
less likely to fail or to a cheaper or 
more readily available one. 

Thermal Calculations 

Elementary heat transfer principles 
can be easily grasped by anyone famil- 
iar with basic electricity. The schematic 
of Fig. 1 shows the similarity between 
heat flow and electric current flow. 
Heat is generated in the transistor junc- 
tion proportional to the voltage drop 
and the current. A current of heat will 
flow from the hot junction toward the 
cooler surrounding air through a ther- 
mal resistance. In a mounted power 
transistor, this thermal resistance is 
composed of the series resistances from 
junction to transistor case, transistor 
case to heat sink, and heat sink to sur- 
rounding air. In an unmounted transis- 
tor, heat is transferred directly from 
the case to the air; and since the sur- 
face area is small, the thermal resist- 
ance is much higher. The thermal 

Fig. 1. Thermal equivalent circuit of a 
mounted transistor with sample heat drops. 
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l 
115C 

125C 

AIR TEMP .40C 

capacitance shown in Fig. 1 accounts 
for the time lag between power applica- 
tion and steady -state temperatures. 

Just as electric current through a re- 
sistor causes a voltage difference across 
the resistance, a temperature difference 
will exist between the transistor junc- 
tion and the air. The thermal analogy to 
Ohm's Law is: temperature difference 
across a thermal resistance = heat flow 
x thermal resistance. For example, a 
certain power transistor is rated to 
have a junction -to -case thermal resist- 
ance of 0.5 degree C per watt; then if 
the transistor is dissipating 10 watts, 
the junction will be 10 x 0.5 = 5 de- 
grees C hotter than the case. 

The maximum ambient (air) tern - 
perature in which a circuit may be ex- 
pected to function must be estimated. 
A poorly designed transistor radio may 
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Fig. 2. Temperature derating curve for 
transistors and diodes. Horizontal scale 
is air temperature for low -power devices 
or case temperature for high -power units. 

Table 1. Typical thermal resistances. 

MATERIAL RES. 
(deg. C /watt) 

Insulator (mica or teflon) 1.3 
Insulator (anodized aluminum) 0.3 
Heat sink (aluminum 2" x 2" x 3S2 ") 10 
Heat sink (aluminum 3" x 3" x ßi2 ") 5 

Heat sink (aluminum 5" x 5" x )S2") 3 
Heat sink 

(finned aluminum 3" x 4" x 1 ") 2.5 

play for years inside a building, but 
fail after a few hours on the beach or 
in a closed automobile. In applications 
such as this, the temperature of the air 
inside the equipment case might be ex- 
pected to reach a temperature of 130 
degrees F or more. 

Power Rating 

Transistors are assigned maximum 
power ratings such that. when operated 
at a given temperature and power, the 
semiconductor material will not exceed 
a temperature which would damage it. 
For germanium this maximum junction 
temperature is 85 -100 degrees C (185- 
212 degrees F I and for silicon it is 
150 -200 degrees C (303 -393 degrees Fl. 
Small, low -power transistors are gen- 
erally rated for a given power at 25 
degrees C (77 degrees F) air tempera- 
ture. If a germanium transistor is rated 
at 100 mw., this means that its thermal 
resistance is such that when dissipating 
100 mw. its junction temperature will 
be nearly 85 degrees C when the air 
temperature is 25 degrees C. If either 
the power dissipation or the air tear 
perature were to increase, the junction 
temperature would exceed the damage 
level. 

Fig. 2 indicates how much the maxi- 
mum allowable power must be de- 
creased with an increase in tempera - 
ture. The 100 -mw. germanium transis- 
tor can be operated safely at only 50'; 
x 100 mw. = 50 mw. if the air tem- 
perature may reach as high as 130 de- 
grees F. 

Power -type transistors are generally 
rated at 25 degrees C case temperature. 
It should be remembered that the case 
temperature will be hotter than the 
surrounding air, the amount depending 
on the thermal resistance of the heat 
sink used. For example, it is proposed 
to operate a 10 -watt germanium tran- 
sistor at 3 watts at a maximum air 
temperature of 50 degrees C (122 de- 
grees F) using a finned heat sink and 
mica insulator. Referring to Table 1 

for the thermal resistance of the heat 
sink and insulator, the temperature 
rise from air to transistor case will be: 
3 watts x (2.5 + 1.3) degrees C/W 
11.4 degrees C. So the transistor case 
will be 50 + 11.4 = 61.4 degrees C. Re- 
ferring to Fig. 2, at that case tempera- 
ture the transistor can safely dissipate 
40!: x 10 watts = 4 watts; so the tran- 
sistor is adequate for the given condi- 
tions. 

Thermal Stability 

With a resistive load the maximum 
power a transistor could possibly be 
required to handle is V= /4R, where V 
is the supply voltage and R is the total 
resistance from the emitter and collec- 
tor to the supply. If this power is within 
the transistor's capabilities at the high- 
est expected air temperature, the cir- 
cuit will be safe. 

If the load resistance is too low to 
meet this condition, as is often the case 
with transformer loads, the d.c. current 
through the transistor must be limited 
to keep the power at a safe level. A 
condition known as "thermal runaway" 
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'ALLIED 
includes complete catalog featuring over 90 exciting 

knight -kit k 
ELECTRONICS,_, 

for everyon 

1962 
New! Original! Only from Allied! 

only kits 
of their kind! 

AMAZING 100 -in -1 Electronic 

Science Lab Kit, an open door to 

the exciting world of electronics; 

absolutely unique $29.95 

ALL -TRANSISTOR SO-Watt 
Stereo Hi -Fi Amplifier Kit -o 
revelation in sound perfomance, 
less case $79.95 

ALL -TRANSISTOR 
2 -Band AM- Shortwave 
DX -er Radio Receiver 
Kit $19.95 

SENSATIONAL PHONE 8 
CW 60 -Watt Horn Trans- 
mitter Kit for only... $49.95 

STEREO TAPE Record -Playback 
Preamplifier Kit, with professional 
features, less case $89.95 

MULTIPLEX Self -Powered 
Adapter Kit, for Stereo FM 
reception. A tremendous 
value at $19.95 

simply great 
for '62! 

TRANSISTORIZED 
Electronic Tachometer 
Kit $24.95 

ALL- TRANSISTOR Wire- 
less Intercom System Kit (2 
units) $45.90 

XTA 
Tuner 
DELU 

Kit with 
S 

latest built -iM n 
MULTIE PLEX SteEREO reo 

FM - 

FM; 
case included $99.95 

Knight -Kits offer the most 
satisfying build- your -own 
experience in the world! 

5 BIG REASONS WHY 
Convenience Designed . Wonderful to Build 
You Own the Best You Save So Much 
Easiest to Buy -NO MONEY DOWN! 

MONEY BACK GUARANTEE: Buy any 
Knight -Kit. Build it! Use it! Vou must be 
satisfied or you get your money back! 

see more than 90 KNIGHT -KITS 
HI -FI HOBBY AMATEUR INSTRUMENT 

ALLIED RADIO 
March, 1962 

ELECTRONICS 
everyone for 

tees 

Send 
for it 
today! 

KNIGHT -KITS 
also avail- 

able bein Caada 

ALL -IN -ONE FM -AM Tuner - 
Amplifier with latest built -in 
MULTIPLEX Stereo FM, less 
cose $129.95 

World's Largest Stocks Lowest Money- Saving Prices 
Fastest Shipment Expert Help Easiest -Pay Terms 
Satisfaction Guaranteed or Your Money Back 

send for the world's biggest 
electronics catalog! 

ALLIED RADIO, Dept. 226 -C2 

100 N. Western Ave., Chicago 80, III. 

7 Send FREE 1962 ALLIED 444 -page Catalog 

Name 
PLEASE 

Address 

City Zone State 
J 
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every standard 

electronic part 

you'll ever need 

is pictured and 

described in the 

1962 RADIO 

ELECTRONIC 
MASTER 

JUST 

OUT! 

'62 EDITION 

1600 PAGES 
world's largest electronic catalog 

It's new - covers all the 
latest radio -tv -audio elec- 
tronic products for servic- 
ing, experimenting, design, 
industrial and military 
applications. 
It's the world's biggest elec- 
tronics purchasing guide! 
1600 pages, more than 
175,000 items - with 
descriptions. specs, illustra- 
tions and prices. 
It's easy to use! organized 
in 32 product sections for 
rapid references; fully in- 
dexed to save you time. At 
parts distributors, $3.95 
($4.95 in Canada). 
THE RADIO- ELECTRONIC MASTER 
60 Madison Ave., Hempstead, N.Y. 

results when an increase in junction 
temperature tends to allow an increase 
in current which, in turn, raises the 
junction temperature still further until 
the transistor is destroyed. This tend- 
ency can be anticipated by placing the 
circuit in an oven at the highest ex- 
pected air temperature and monitoring 
the collector current for several hours. 
If an excessive current increase is in- 
dicated, it may be corrected by stabil- 
izing the bias - -by using a thermistor, 
for example. 

Mechanical Considerations 

Proper mechanical design is very im- 
portant for efficient heat transfer. Low - 
power transistors operated close to 
their limits can be protected by clipping 
them to a metal surface or by using a 
special clip -on device to increase the 
surface area. 

The surface of the heat sink which 

touches the transistor or insulator 
should be as smooth as possible for low 
thermal resistance. A thin film of sili- 
cone grease on adjoining surfaces will 
aid tremendously in producing better 
heat conduction. 

Heat sinks should be mounted verti- 
cally if possible to allow smooth convec- 
tion currents of air to flow past both 
sides. Other components should be at 
least a half inch away from the surfaces 
to avoid restricting air flow. Sufficient 
openings in the equipment case should 
be provided to allow air to enter below 
the heat sink and escape above it. If 
the case must be sealed, provision may 
be macle to conduct heat to the outside 
surface of the case. 

By taking into account the several 
factors enumerated in the paragraphs 
above, it should be possible to prolong 
semiconductor life and prevent prema- 
ture burnout. 

PHASE DISTORTION 
in FM MULTIPLEX 

By ROBERT F. HOOPER Heath Company 

A minimum of phase distortion is required for 
stereo broadcasts. Here are some of the reasons. 

WITH the advent of the FCC -ap- 
proved multiplex stereophonic 

FM broadcasting system. the term 
"phase distortion" has begun to creep 
into many articles. Let's look at phase 
distortion and see what it is. when it 
exists. and why its absence is so impor- 
tant in multiplex stereo. 

Phase distortion is a characteristic of 
an amplifier tor other device through 
which a signal passes) which delays 
some frequency waves more than oth- 
ers. It always takes time, even a very 
short time, for a signal to pass through 
any circuit from input to output. Phase 
distortion exists when inductance and 
capacitance are involved in the circuit 
in such a way that they can delay some 
components of a complex wave more 
than others. Since the various compo- 
nents of the wave at the output end no 
longer have the original phase relation- 
ship. the signal is said to have suffered 
phase distortion. 

It seems contradictory to say that 
when the phase distortion is zero the 
phase shift is constantly changing with 
frequency. The reason, however. is sim- 
ple. Phase distortion is zero when all 
components of the wave arrive at their 
destination delayed the same amount of 
time. But if we delay a 10.000 -cycle 
wave the same amount of time as a 
1000 -cycle wave, we have delayed it ten 
times as many degrees of phase since 
each degree of phase of the 10.000 -cycle 
wave takes only one -tenth as long as a 
degree of phase for the 1000 -cycle wave. 
As it turns out, if the phase shift, plot- 
ted against frequency on linear graph 
paper, is a straight line passing through 

zero phase shift and zero frequency at 
the same time. the phase distortion is 
zero. 

This is important in the multiplex 
stereo system. First, we must demodu- 
late the sideband- suppressed -carrier 
subchannel with low distortion. If the 
phase relationship between the lower 
sideband and the upper sideband has 
been asymmetrically altered. undis- 
torted detection cannot be achieved. 
Next we must matrix the audio recov- 
ered from the subchannel with the audio 
transmitted on the main channel to oh- 
tain the left and right channels by com- 
bining their "sum," which has been 
transmitted on the main channel. with 
their "difference," which has been trans- 
mitted on the subchannel. 

To achieve a high degree of separat ion 
between channels. the components 
which are required to cancel in the 
matrix must he exactly 180 degrees out - 
of- phase. If there is phase distortion. 
which has caused the subchannel side - 
bands to be displaced in time from the 
components of the main channel. the 
audio recovered from the subchannel 
will also be displaced and the phase 
angle between these components will 
no longer be 180 degrees. In this case, 
complete cancellation cannot take place 
and sounds that should issue from one 
speaker alone will also be reproduced. 
to some extent, by the other speaker. 

The important thing to remember is 
that lack of phase distortion simply 
means that waves of all frequencies 
needed for the operation of the system 
pass from input to output with the 
same time delay. 
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RESISTOR 
CROSSWORDS 

By LUTHER A. GOTWALD, JR. 

(Ar(snrr on Prqrc 97) 

ACROSS 
1. A vigilant corps (abbr.). 
4. Type of radio (abbr.). 
8. One -eighth ounce. 

10. Variable wirewound. 
14. An afterthought (abbr.). 
16. Picture tube (abbr.). 
17. Current limiter. 
18. Unit. 
20. Rare metal (abbr.). 
21. Digit. 
22. English digraph. 
24. Public road (abbr.). 
26. Journal head (abbr.). 
28. Exists. 
29. Unit of work. 
30. Near (obsolete form). 
31. Slag. 
32. Concerned with education 

(abbr). 
33. Pronoun. 
34. Rare element (abbr.). 
35. Machine's sound. 
38. Belonging to a Federal Agency 

Iabbr.) . . 

42. Ego. 
43. Slang adverb. 
44. Found in potentiometers. 
45. Mysterious. 
46. Girl's name (variation). 
47. In place quoted (abbr.). 
48. Standard (abbr.). 
51. Boy's name. 
54. Signal voltage. 
55. Statement of truth (abbr.). 
56. Clever. 
58. Contraction. 
60. Type of taper. 
62. Load resistor. 
63. Printer's measure. 
64. Ancient Persian city. 
65. Slave. 
70. See 60 Across. 

DOWN 

1. To adjourn without naming a 
new meeting date (abbr.). 

2. Part of a circle. 
3. Used in resistors. 
4. An article. 
5. Legal term. 
6. Frustrate. 
7. Legal counsel (abbr.). 
9. An elevation (abbr.) . 

10. One form of transportation 
(abbr). 

11. "Insurance" for oldsters 
(abbr.) . 

12. Pertaining to a Greek tense. 
13. Bound hand and foot. 
14. Variable resistor. 
15. Bank. 
19. Frequency units. 
23. Equals watts (formula). 
24. Helps measure current. 
25. American inventor. 
27. Medical man (abbr.). 
36. Draws. 
37. Gun (slang). 
39. Plate resistance. 
40. Under. 
41. Hindu Writ. 
48. Uses reflected waves. 
49. Upon (prefix). 
50. From signals out -of- phase. 
52. Pronoun. 
53. Ocean vessel (abbr.). 
57. Female ham. 
59. Within an enclosure. 
60. Month (abbr.). 
61. A republic (abbr.). 
64. In the same degree. 
66. Heater voltage. 
67. Paper measure (abbr.). 
68. Six (Rom. num.). 
69. Collector voltage. 
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actual size 

New 
Stethotracer 
$29.95 0.,,.... NET 

The instrument for every electronic sig- 
nal tracing need in your vest pocket. 
Locates defective circuit fast! 

The pen -size, transistorized STETHOTRACER locates hum, 
oscillations, ground loop, breaks in printed circuit boards 
and other common trouble shooting ailments in seconds! 
This depeidable, top quality instrument detects and de- 
modulates any low level microwatt audio or modulated radio 
frequency signal ...the signal is then amplified 1,000 times 
into a high quality earphone, or observed on a scope, using 
a plug -in scope adaptor (available optionally). 

Ideal for test and trouble shooting all types of radio, 
amplifiers, phonographs, magnetic tape recorders, dictating 
machines, hearing aids, and phono pickup cartridges, or used 
as a preamplifier. 

Complete with earphone, cord, 4 interchangeable attenuator 
probes and R. F. detector -demodulator crystal diode probe, 
ground clip lead and battery. 

Accessory probes (available optionally) include Vibration 
Pickup Probe, Miniature Microphone Probe, Magnetic Tape 
Head Probe, Microwave Demodulator Probe and Telephone 
Pickup Induction Probe. 

Ask also about the famous MOSQUITO, the new vest pocket size signal 
injector -a signal source for every application! $9.95 dealers' net. 

See your local distributor or write for details to: 

Dc ,i Bosco 
ELECTRONICS INC. 
littell Road Hanover, N. J. TUcker 7 -5575 

A Subsidiary of Howell Electric Motors Company 
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to guide you 
to a 
successful future 
in 

ELECTRONICS 
RADIO -TV 
COMPUTERS 
ELECTRICAL 
ENGINEERING 
This interesting pictorial booklet 
tells you how you can prepare for a 
dynamic career as an Electrical En- 
gineer or Engineering Technician in 
many exciting, growing fields: 
MISSILES RADAR RESEARCH 
ELECTRICAL POWER ROCKETRY 

AUTOMATION AVIONICS 
SALES DEVELOPMENT 

Get all the facts about job opportu- 
nities, length of study, courses 
offered, degrees you can earn, 
scholarships, part -time work - as 
well as pictures of the Milwaukee 
School of Engineering's educational 
and recreational facilities. No obli- 
gation - it's yours free. 

MILWAUKEE SCHOOL OF ENGINEERING 

MAIL COUPON TODAY! 
MILWAUKEE SCHOOL OF ENGINEERING 
Dept. EW -362. 1025 N Milwaukee St. 
Milwaukee, Wisconsin MS11] 

Please send FREE "Your Career" booklet 
I'm interested in Electronics Radio-TV 

Computen. Electrical Engineering 
Mechanical Engineering 

(PLEASE PRINT) 

Name.................. _...._......._..__.Age__......_ ._ 

Address......................... ........._...................._ 

City __.__... .._..._........Zone.._._._State 
I'm eligible for veterans education benefits 

L 
70 

QRM Eliminator 
(Continued from page 54) 

voltage is not frequency- sensitive 
therefore it is represented as a straight 
horizontal line in Fig. 5. 

A simplified schematic of the Schmitt 
trigger circuit is shown in Fig. 6. The 
"at rest" condition consists of V.,, con- 
ducting quite heavily due to the fact 
that its grid has a positive potential of 
some value, depending on the voltage 
divider action of R :. R,::, and R,.. As a 
result, the output voltage level at the 
plate is quite low (limiting condition). 
V.,, on the other hand, is biased off by 
the voltage drop across the common 
cathode resistor R. so that its plate 
voltage level is nearly "B +" (cut -off 
condition). 

As the positive -going input voltage 
through C.. to the grid of V. increases, 
its action opposes the normal bias, 
causing tube conduction and a decreas- 
ing plate voltage. The positive voltage 
level on the grid of V.,, is lowered 
through the divider action to a point 
where the voltage drop across the com- 
mon cathode resistor R. takes over as 
an actual negative bias on the tube. 
thus raising the voltage on the plate. 
Output may be taken from the plate 
or cathode, with the latter selected for 
this equipment. 

This temporary condition (V_, con- 
ducting heavily and V. being cut off) 
begins when the positive alternation 
input voltage level has reached a cet' - 
tain value. After this input signal has 
reached its maximum voltage value and 
decreases to the previous level point, 
the normal "at rest" condition will 
again be reached. This is true because 
at the particular signal level where 
action starts on increasing input volt- 
age, it also stops on decreasing voltage. 
At this moment the grid loses enough 
positive signal to sustain conduction, 
thus allowing the bias developed across 
R. to begin cutting off the tube con- 
duction. At the same time the voltage 
at the plate begins to rise and is fol- 
lowed by a proportional rise at the grid 
of V. This overcomes the cathode 
bias, causing the beginning of plate 
current flow and resultant lowering of 
the plate voltage. This situation contin- 
ues until the input signal drops to a 
low -level value, at which time V. rests 
in a cut -off condition and V. remains 
in a saturation state indefinitely, wait- 
ing for the next positive input signal. 

Fig. 7 shows the relationship of input 
and output waveforms. Negative -going 
input (alternation) signals have little 
effect on the operation of this circuit 
because in the "at rest" condition, the 
grid of V. is already cut off. It is evi- 
dent, then, that this circuit provides a 

+2v. 

o 

positive output pulse for each input 
cycle, a slave condition that is required 
in this unit. 

Construction 
The final version of the original unit 

is shown in the photographs. The cir- 
cuit is simple and straightforward so 
no difficulty should be experienced when 
building it in any type of cabinet. The 
one used by the author happened to 
be the only one available in his "junk 
box." It measures 4% " x 5' " x 9" and 
is in two pieces. Parts are mounted in 
both parts and as much of the wiring 
as possible done before the two pieces 
are assembled and the interconnecting 
wiring completed. At no time during 
the development and final construction 
phases of this equipment was it found 
necessary to use shielded wire within 
the cabinet. The flexible input lead, 
however, is shielded mike cable. Natur- 
ally, it is recommended that good parts 
layout practice be followed during the 
preliminary planning stages. To assem- 
ble, the pieces of the cabinet are simply 
fitted together and held with the two 
toggle switches and self- tapping sheet 
metal screws. 

This is not the most desirable type 
of construction, but it enabled the au- 
thor to use a cabinet he had on hand. 
Had this not been available, a two - 
piece commercial aluminum cabinet 
measuring 6" x 6" x 6" or 5" x 6" x 9" 
could have been used with a small 
chassis. All parts should be mounted 
on one half for ease in maintenance. 
The chassis size must be selected to 
permit mounting parts on it and still 
leave room for mounting the speaker. 
In the smaller cabinet the speaker can 
face either side and, in the larger, the 
speaker could be mounted on the front 
as well. 

A nibbling tool was used to cut out 
the 23á" square speaker opening in the 
front panel and also in the 3T" square 
molding piece. Since the cut is not 
perfectly smooth, the edges are finished 
off with a file. The grille is a square 
piece of plastic or aluminum window 
screening with fine mesh. This is sand- 
wiched between the panel and the mold- 
ing. One cabinet surface was painted 
at a time to permit drying in a hori- 
zontal plane to obtain a smooth, run - 
free finish. Front -panel lettering was 
done with a lettering guide and India 
ink. 

So, if you have a high- quality com- 
munications receiver, spend a few hours 
in building this unit, and another hour 
in learning to "twiddle" the right con- 
trols properly, the results should be 
quite worthwhile. One final point, how- 
ever. Remember that the signal you 
hear is your own Schmitt trigger, there - 
fore don't report RST 599 to all those 
you "work "! 

OUTPUT 

INPUT 

s- TRIGGER LEVEL 

Fig. 7. Relationship 
of Schmitt trigger in- 
put and output wave- 
forms with diode 
clamping. The actual 
amplitude of the out- 
put waveform is 
greater than shown. 
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W WV FREQUENCIES 

CHANGED SLIGHTLY 
Nominal frequencies remain 
the same, but change affects 
ultra -precise measurements. 

ACHANGE in the broadcast of 
standard- frequency transmissions 

has been announced by the National 
Bureau of Standards and the U.S. Naval 
Observatory. At zero hours GMT on 
January 1, 1962 the standard frequen- 
cies transmitted were made higher by 
2 parts in 1 billion. This is 2 ten -mil- 
lionths of 1 per -cent. The change is too 
small to be detected by ordinary radio 
receivers, that is. the nominal frequen- 
cies broadcast will be the same, but it is 
significant to those using specialized 
equipment in precise scientific work. 

The change is necessitated by irreg- 
ular variations in the speed of the ro- 
tation of the earth. Astronomical 
observations made at the U.S. Naval 
Observatory have shown that the earth 
was rotating at a successively slower 
speed each year from 1955 to 1958 and 
that since then the earth has been ro- 
tating at a faster speed each year. The 
cause of this irregular variation is not 
known. 

The need for high precision in scien- 
tific measurements, in satellite track- 
ing, in radio communication, and in 
navigation has made it necessary that 
frequency be provided with very high 
precision. Transmissions of frequency 
are maintained constant to 1 part in 10 
billion. This amount corresponds to 3 
thousandths of a second per year, which 
is an appreciable quantity in many sci- 
entific applications. 

Time pulses and carrier frequencies 
of the standard broadcasts are locked 
together. The frequencies transmitted 
are maintained constant each year with 
respect to Atomic Time, but are offset 
from Atomic Time by a specified 
amount to provide time signals which 
correspond closely to time as based on 
the earth's rotation. 

U. S. stations whose frequencies will 
be changed are WWV, Beltsville, Md.; 
WWVH, Hawaii; WWVL and WWVB, 
Boulder, Colo.; NBA, Canal Zone; NAA, 
Cutler, Maine; NPG, Jim Creek, Wash.; 
and NPM, Hawaii. The transmissions of 
the East Coast Loran -C radio- naviga- 
tion system operated by the Coast 
Guard will also be changed in fre- 
quency. The Loran -C transmitters are 
located at Cape Fear, North Carolina; 
Martha's Vineyard, Mass.; and Jupiter 
Inlet, Fla. 

The transmissions of time and fre- 
quency of the United States are coordi- 
nated with those of Argentina, Aus- 
tralia, Canada, Japan, South Africa, 
Switzerland, and the United Kingdom. 
This coordination began in 1959. The 
standard frequency and time transmis- 
sions of these countries have also been 
changed on January 1, 1962 in order to 
maintain the proper coordination be- 
tween stations. 

March, 1962 

IT'S 

IN THE 
GREAT MOTION 

PICTURES! F ROM METRO GOLDWYN MAYER SAMUEL IRONSTON'a PRODUCTION OF 

Today's great motion pictures depend on extensive stereo techniques and 
effects. To achieve them, the industry turns to the one manufacturer whose 
products consistently meet their most critical demands -Soundcraft. The sound 
you hear in MGM (Camera 65), ToddAO, Cinemascope and other great wide 
screen producions is reproduced on Soundcraft magnetic 
products. Enjoy the same superior performance and reli- 
ability in your own recordings. Switch to Soundcraft 
Recording Tapes now. Professional performance is the 
standard...satisfaction the guarantee! 

REEVES SOUNDCRAFTCORP. - 

-7..7'7".°^ SOUROCRAF 

SOUNDCRAF 

0 
DCRAF UR 

DCRAFT 

DCRAFT 

ICRAFT 

OUMDCRAFT 

SOUNDCRAFT 

Main Office. Great Pasture Road, Danbury. Connecticut 

CROWN 
fessional Tape Recorder 

Model 714 -C 
One of the most 

popular CROWN Recorders 

3 

Motors 

3 

Speeds 

10th" 
Reels 

NEED A 
1 10 VOLT 

A.C. OUTLET? 
In CAR, BOAT or TRUCK, 

YOU HAVE IT WITH A 

Records and Plays Quarter Track Stereo ... Plays Two 
Track Stereo ... also Records and Plays Monaural 

CROWN GUARANTEED PERFORMANCE 

FREQUENCY IPS FLUTTER 
RESPONSE SPEED L WOW 

2 db 50 to 28,000 CPS 15 .06% 
-2 db 30 to 17,000 CPS 71/2 .09% 

3 db 30 to 9,000 CPS 33/4 .18% 

Write for complete catalog and price list 
Address Dept. EW-362 

NOISE 
RATIO 

57 db 
55 db 
51 db 

CROWN INTERNATIONAL 
Division of 

INTERNATIONAL RADIO i ELECTRONICS CORP. 

ELKHART, INDIANA 

POWER 
CONVERTER 

Actually gives you 110 volt, 60 
cycle A.C. from your 6 or 12 volt 
D.C. battery! Plug converter into 
cigarette lighter, and operate 
lights, electric shavers, record 
players, electric tools, portable TV, 

radios, testing equipment, etc. 

Models from 15 to 300 si 0 95 
watts, priced as low as I ¡ LIST 

See Your Electronic Parts Dealer or Jobber, or Write. 

COMPANY 
1058 PAU AVE. 
ST. PAUL a, MINN. M 

In Canada. ATLAS RADIO CORP. LTD. - Toronto, Ont. 
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it's VOCA LINE for 

advanced design and circuitry 
-newest features! 

SELF -POWERED 

RECHARGEABLE 

PORTABLE CB 

with 

AM RADIO - 
up to 8 miles 

Model PT -21 

po Tunable double conver- 
sion superhet receiver 

10' 4 fixed channels 

1 Antenna tuning and meter 
up -front 

1/ 18 transistors -5 diodes 

I/ Plus noise limiter, squelch, 
built -in battery charger, many 
other features 

Complete with antenna, 
microphone, 
charger cord. 

NEW, 

IMPROVED 

VOCALINE MODEL ED -21M 

4 CHANNEL 

BASE 

UNIT 

double conversion i ¿è¿ 
superhet receiver 4i¿ 

improved selectivity- elimi- 
nates undesirable adjacent 
channel interference 

the most powerful "legal" 
set on the air today: 

6 VDC /115 VAC or 12 VDC/ 
115 VAC 
complete with microphone. 
mounting bracket, AC -DC cords. 

- WRITE FOR FREE LITERATURE - - - - 
VOCALINE COMPANf OF AMERICA, INC. 

30 Coulter St., Old Saybrook, Conn. 

Name 
Address 

City Zone State 
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CALENDAR 1 =9 

of EVENTS I 
FEBRUARY 27 -MARCH 1 

Symposium on Application of Switching Theory 
in Space Technology. Sponsored by Lockheed 
Aircraft Corp. and AFOSR /General Physics Div. 
Contact Dr. 1. P. Nach, c/o Lockheed, Sunnyvale, 
Calif. for details. 

MARCH 1 -2 
Eighth Scintillation and Semiconductor Counter 
Symposium. Sponsored by PGNS, AIEE, AEC, NBS. 
Shoreham Hotel, Washington, D.C. Program infor- 
mation from Dr. George A. Morton, RCA Labs, 
Princeton, N.1. 

MARCH 7 -11 
San Francisco Home and High Fidelity Show. 
Sponsored by Magnetic Recording Industry Assn. 
Cow Palace, San Francisco. Open to the public. 
Stereo FM multiplex broadcasting and receiving 
equipment will be featured. 

MARCH 14 -16 
Twelfth Annual Conference on Instrumentation 
for the Iron 8 Steel Industry. Sponsored by In- 
strument Society of America. Hotel Roosevelt, 
Pittsburgh, Pa. Details from H. M. Cravatt, Alle- 
gheny Ludlum Steel Corp., Research Lab., Brack- 
enridge, Pa. 

MARCH 20 -25 
1962 Los Angeles High Fidelity Music Show. 
Sponsored by Institute of High Fidelity Manufac- 
turers, Inc. The Ambassador Hotel, Los Angeles. 
Open to public March 21 -251h. 

MARCH 26 -29 
IRE International Convention. Sponsored by all 
Professional Groups of the IRE. Coliseum & Wal- 
dorf- Astoria Hotel, New York, N.Y. Details from 
E. K. Gannett, IRE Headquarters, 1 E. 79th St., 
New York 21, N.Y. 

MARCH 28 -29 
Third Symposium on Engineering Aspects of 
Magnetohydrodynamics. Sponsored by AIEE, 
IAS, IRE, and University of Rochester. University 
of Rochester, Rochester, N.Y. Chairman of pro- 
gram committee, George W. Sutton, MIT, Room 
3 -254, Cambridge 39, Mass. 

MARCH 28 -31 
Eleventh Biennial Electrical Industry Show. Spon- 
sored by Electrical Maintenance Engineers Asso- 
ciation of California. Shrine Exposition Hall, Los 
Angeles. 

MARCH 29 
Seventh Annual Materials Handling and Packag- 
ing Conference. Sponsored by Northern Cali- 
fornia Chapter of AMHS and the Golden Gate 
and Central California Chapters of SPHE. Stan- 
ford University, Palo Alto, Calif. 

APRIL 11 -13 
1962 Southwestern IRE Conference. Sponsored by 
IRE, Region 6. Rice Hotel, Houston, Texas. 

APRIL 25 -29 
Western Space Age Industries and Engineering 

26 

Exposition 8 Conference. Cow Palace, Son Fran- 
cisco. Information from lykke- Wilkins & Assoc., 
681 Market St., San Francisco 5, Calif. 

MAY 2 -5 
13th National Science Fair -International. Spon- 
sored by Science Service. Seattle, Washington. 
Details from Science Service, 1719 N. Street N.W., 
Washington 6, D.C. 

MAY 3 -4 
International Congress on Human Factors in 
Electronics. Sponsored by the Los Angeles Chap- 
ter of PGHFE of IRE. Lafayette Hotel, Long Beach, 
Calif. Details from Dr. Charles Hopkins, Sympo- 
sium Chairman, Hughes Aircraft Co., Culver City, 
Calif. 

MAY 8 -10 
1962 Electronic Components Conference. Spon- 
sored by ATEE, EIA, and IRE. Mariott Twin Bridges 
Motor Hotel, Washington, D.C. 

MAY 15 -17 
Fourth Annual Meeting of Council on Medical TV 
8 Medical-Dental TV Workshop. Sponsored by 
the Council on Medical Television. Clinical Cen- 
ter, National Institutes of Health, Bethesda, Md. 
and National Naval Medical Center, Bethesda. 
Details from Institute for Advancement of Med- 
ical Communication, 33 E. 68th St., New York 21. 

MAY 21 -24 
1962 Electronic Parts Distributors Show. Spon- 
sored by EP&EM, EIA, PACE, WEMA, and ERA. 
Conrad Hilton Hotel, Chicago. Open only to 
qualified industry members. 

MAY 22 -24 
National Microwave Theory 8 Techniques Sym- 
posium. Sponsored by PGMITT of IRE. Boulder 
Laboratories of National Bureau of Standards, 
Boulder, Colorado. 

MAY 23 -25 
I Ith National Telemetering Conference. Spon- 
sored by ISA, ARS, IAS, AIEE, IRE. Sheraton -Park 
Hotel, Washington, D.C. 

MAY 31 -JUNE 7 
International Television Conference. Sponsored 
by Electronics and Communications Section of 
the Institution of Electrical Engineers. Institution 
Bldg., Savoy Place, London W.C. 2, England. 

JUNE 11 -15 
Technical Writers' Institute. Rensselaer Poly- 
technic Institute, Troy, N.Y. Information on course 
from Prof. lay R. Gould, RPI, Troy, N.Y. 

JUNE 24 -28 
Music Industry Trade Show. Sponsored by the 
National Association of Music Merchants. Hotel 
New Yorker, New York City. 

JUNE 25 -30 
Symposium on Electromagnetic Theory and An. 
tennas. Sponsored by the IRE. The Technical 
University of Denmark, Copenhagen. Information 
from IRE, 1 E. 79th St., New York 21, N.Y. A 

ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


Transistorized Stereo Adapter 
(Continued front page 33) 

can ing T_. In each case, trigger the hod 
camel deflection of the oscilloscope by 
the :38 -kc. sampling at terminal 4 of T.. 
T. is correctly adjusted when the phase 
relationship between the multiplex sig- 
nal and the 38 -ke. sampling signal is as 
shown in Fig. 9. 

The factory setting of T, will generally 
be satisfactory. However, should there 
be interference from storecast music 
Ihi,h- frequency buzz), adjust T1 for 
ulillitntllll interference. 

Tuner Limitnlions 
It should be emphasized that for opti- 

nllun multiplex reception more stringent 
requirements are placed on the receiving 
system. The addition of an FM antenna 
or the use of a more sensitive tuner will 
often be necessary in the multiplex fringe 
area. A directional FM antenna is espe- 
cially desirable if there is a possibility of 
nmltipath signal reception. The tuner 
must be able to pass the complete multi- 
plex spectrum (50 cps to 53 kc.) without 
amplitude or phase distortion. The re- 
cently introduced tuners having wide - 
hand detectors satisfactorily meet this 
latter requirement. 

Other tuners can be improved with 
some modification. Cenerall Ilse most 

e 

serious problem is the poor frequenc - 
response characteristic of tuners haying 
narrow -band, high -impedance Foster - 
Seeley discriminators. The typical dis- 
criminator, shown in Fig. 10A, can be 
modified to improve its frequency re- 
sponse by reducing R, and R_ to 68,000 
ohms and by reducing C. to 47 ul&f. In 
addition, an emitter -follower multiplex 
output is desirable, particularly if a long 
cable must be used between the tuner 
and the adapter. A modified discrimi- 
nator with improved frequency response 
and a low -impedance multiplex output 
is shown in Fig. lOB. 

Although wide -band tuners are pre- 
ferred for multiplex reception, some have 
multiplex outputs which are too low - 
level to be fed directly to the transistor 
adapter described in this article. To use 
such tuners, it will be necessary to am- 
plify the multiplex output of the tuner 
before feeding it to the adapter. A suit- 
able amplifier, which has a gain from (1 

to 10 times, is shown in Fig. 11. This may 
be made an integral part of the adapter, 
thus making the adapter compatible with 
any tuner having a multiplex output level 
within the range of 50 mv. to 3 volts 
r.m.s. 

The transistorized adapter described 
above was designed, built, and tested 
under professional conditions. It is 
simple to put together and is capable of 
excellent stereo performance. 

VARIACS 
115 VAC 

2 Amp 
3 Amp (Powerstat) 

Output 
.. 11.95 

....22.50 

Advance 
VARIACS VARIACS 

Input, 0 -135 VAC 
7 50 6 Amp 
8.95 10 Amp 

20 Amp 39.95 

POWER SUPPLY KIT 
1 transformer 1000 V CT -150 ma; 6.3 V & SV 
1 Choke, 10 Hy, -250 MA 
2 Capacitors -8mfd. -1000 V. 
ship weight -26 lbs. complete kit $9.95 

SOLA Constant Voltage Transformers 
95 -135 V in, 115 V 500 VA out 533.75 ea. 

TRANSFORMERS 
ALL erom.lry 115 VAC. 60 cycles 

SOC. 460 VCT. 50 MA; 6.3 V, 2.5 A 53.23 Sec. 1250 VCT. 200 MA; 2 A 10 VCT. 
1 A: 3 x 5 VCT- 1.2 A; 5 V. 2 A 6 95 Set. 1050 VCT, 200 MA; 6.3 VCT. 3 A; 6.3 VCT, 4 A; 5 VCT. 3 A 5 95 Set. 800 VCT. 200 MA; 6.3 V. 6 A; 5 V, 3 A..5.75 

See, 1100 VCT; 212 raA 7.95 Sec. 12.6 VCT. 3.5 A; 15.6 V. 1 A 2 45 Sec. 6.3 BA -6.3 80,6.3 10A Total 260 e 6.3 -230 V. 450 MA. 5.95 

METERS 
0 -1 MA 1' round $3.50 all 3" round 

111" square 0 -20 Microamps $5.75 
0 -500 Microamps 3.75 0.100 " 4.95 

0 -1 MA 3.95 
O.1 MA 

round 50 MA 3.95 
3.50 0-100 MA 3.95 

0 -50 Microamps 3.95 0 -150 MA 3.95 
0 -100 3.95 0 -200 MA 2.45 
0 -200 " 3.50 0 -250 MA 3.95 
0.1 MA 3.45 0 -2 A DC 3.75 
0 -3 MA 3.50 0 -25 Amp DC 4.25 
0.1 Amp AC 0 -130 V AC 3.45 

I Weston) 4.25 0 -150 V AC 4.45 
0.10 Amp DC 3.25 200 -0 -200 V DC 3.95 
0.150 VAC 3.75 0 -15 V AC 3.25 0.5 MA 3" square 3.95 0 -75 V DC 3.5 

-15 to .5 DB 3.95 
41 r" 0.50 VDC w /50. 100. 200. 300. V scales 

Basic Meter 1 MA 7.95 
9 Reed -Freq. meter 390.420 cyc. 9.95 

Advance Electronics 
79 Cortlondt Street 

New York 7, N.Y. RE 2 -0270 

If you can't afford 
a Fisher tuner... 

build one! 

Introducing the newest Fisher StrataKit: 
the KM-60 FM- Stereo -Multiplex Wide -Band 
Tuner. Fisher FM tuners hove olwoys been reo- 
sonobly priced considering their unsurpassed sen- 

sitivity and matchless overall design -but, even 
so, not everyone can afford them. If economics 
have thus for deterred you from buying the very 
finest, the new Fisher KM -60 StrotaKit solves all 
your problems in exchange for o pew evenings of 

entertaining and instructive work. It incorporates 
Fisher FM engineering at its most advanced, in- 

cluding built -in Multiplex and sophisticated wide - 
bond circuitry -yet it costs almost one -third less 

than the nearest equivalent Fisher -built tuner. 

This spectacular saving involves absolutely no risk, 
even if you are 'all thumbs.' The StrataKit method 
of kit construction hos eliminated the difference 
between the expert technician and a totally 
unskilled person as far as the end result is con- 
cerned. You assemble your StrataKit by easy, 
error-proof stages (strata), each stage corre- 
sponding to a particular page in the Instruction 
Manual and to o separate transparent packet of 
parts. Major components come already mounted 
on the chassis, and wires are pre -cut for every 
stage -which means every page! 

In the KM -60 StrataKit, the front -end and Multiplex 
circuits come pre -aligned. The other circuits are 
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aligned by you after assembly. That is accom- 
plished by means of the tuner's laboratory -type 
d'Arsonval signal- strength meter, which can be 
switched into each circuit without soldering. 

This is the world's most sensitive FM tuner kit, 
requiring only 0.6 microvolts for 20 db quieting! 
01FM- standard sensitivity is 1.8 microvolts.) Cap- 
ture ratio is an unprecedented 2.5 db; signal -to- 
noise ratio 70 db. The famous Fisher 'Golden 
Coscode' RF stage, plus four IF stages and two 
limiters, must take most of the credit for this 
spectacular performance and for the superb rejec- 
tion of all spurious signals. Distortion in the audio 
circuits is virtually non -measurable. 

An outstanding feature of the Multiplex section is 

the exclusive Stereo Beam, the Fisher invention 

that shows at o glance whether or not an FM 
station is broadcasting in stereo. It is in operation 
of all times and is completely independent of the 
tuning meter. Stereo reception can be improved 
under unfavorable conditions by means of the 
special, switchable sub -carrier noise filter, which 
does not affect the audible frequency ronge. 

Everything considered, the KM -60 is very close to 
the finest FM tuner that money can buy and by for 
the finest you con build. Price 5169.50. 

The Fisher KX -200 80 -watt stereo control amplifier 
StratoKit, $169.50. 

Walnut or Mahogany cabinet, $24.95. Metal cabinet 
x15.95. Prices slightly higher in the For West. 

USE THIS COUPON FOR 
FURTHER INFORMATION 

Fisher Radio Corporation 
21 -38 44th Drive, 
Long Island City 1, N. Y. 

Please send me without charge 
the complete Fisher StrotoKit 
catalogue. 

Nome 

Address 

City Zone Sto-e 
EW31 J 
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NEW 4-WAY 

POCIET HE 
a real ''working partner" 

for removing backs of TV sets 

and installing antennas 

I It's a 1/4" nut driver! 
Fits Parker -Kalon screws. 

Genuine Xcelite 
plastic handle - 
shaped and 

balanced for 
working ease. 
Equipped with 

pocket clip. 

2lt's a 7/16" 
nut driver! 
Ideal for 
antenna 
installations. 

3 It's a No. 1 

Phillips 
screwdriver! 

Double-end blade 
inserts in 7 16" hex 
opening. lust push 
it in or pull it out! 
Patented spring 
holds it firm. 

4 lt's a 3/16" 
slotted screwdriver! 

Ask to see 
"No. 600" 
next time you 
pick up parts ... 

XCELITE, INC. ORCHARD PARK, N.Y. 
Canada: Charles W. Pointon, Ltd., Toronto. Ont. 

"COMPUTER BASICS" prepared by Tech- 
nical Edrrcution and Management, Inc. 
Published by Howard W. Stuns & Co., 
Inc.. Indianapolis. Five volumes in slip- 
case $22.50. Soft cover. 

This study was originally developed 
for the U.S. Navy for training electron- 
ics technicians in computer technology 
and to provide personnel capable of 
maintaining and operating all types of 
computer systems. It was presented as 
a 16 -week training program at the Elec- 
tronics School at Great Lakes, Ill. and 
is now available to design, development, 
and maintenance engineers; research 
scientists; programmers; technicians; 
students; and trainees or anyone else 
interested in or concerned with com- 
puters. 

This series assumes no prior knowl- 
edge of computer systems but assumes 
some background in basic electronics 
plus a working knowledge of algebra 
and trigonometry. Since the material 
was laid out to be presented as a course, 
the text is progressive and can be used 
for home study as well as in more for- 
mal classroom sessions. 

The text provides comprehensive 
treatment of semiconductor and mag- 
netic elements, waveshaping and wave - 
train generation, gating and logic 
circuits, computer organization and 
programming, maintenance and trou- 
bleshooting, numbering and coding sys- 
tems, real -time computation. loop and 
conversion systems. in addition to a 
complete analysis of installations for 
analogue. digital. and hybrid comput- 
ers. 

Volume 6 of this series, entitled 
"Solid -State Computer Circuits," will 
be published later this year. 

"BASIC MATHEMATICS" by Norman H. 
Crowhurst. Published by John F. Rider 
Publisher. Inc.. New York. 137 pages 
Price $3.90. Soft cover. 

This is Vol. 3 in this author's current 
series covering all phases of math and 
deals with developing algebra, geome- 
try. trig, and calculus as working meth- 
ods in mathematics. Like its predeces- 
sor volumes this is a "pictured- text" 
presentation designed to facilitate the 
learning process. 

This book takes up orders of magni- 
I ude, binary arithmetic, possibilities 
and probabilities, differentiation, con- 
verging series, abstract functions, inte- 
gration, conic sections, determinants. 
and systems of coordinates. Those who 
have worked through the first two vol- 
umes of t his series or have a basic work- 
ing knowledge of mathematical proc- 
esses should have no difficulty in 
handling this new material. The fourth 

and final volume in this series will ap- 
pear later this year. 

a 

"MODERN DICTIONARY OF ELECTRONICS" 
compiled by Rudolf F. Graf. Published 
by Howard W. Sams & Co.. Inc., Indian- 
apolis. 370 pages. Price $6.95. 

This is an up -to -date and comprehen- 
sive electronics dictionary containing 
definitions of over 10,000 words and 
terms in current use by the industry. 
The most important words and terms 
are cross -referenced to facilitate locat- 
ing definitions with a minimum amount 
of time and effort. 

In addition to the text material, over 
350 illustrations are included to help 
further clarify the meanings of a few of 
the more obscure terms. The format is 
that of standard dictionary usage with 
the word or term appearing in a clear. 
bold -face type and the definition in a 
thoroughly readable lighter face type. 
Where applicable, syllabic division and 
pronunciation is included for selected 
words. 

"ELECTRONIC COMPUTERS: FUNDAMEN- 
TALS, SYSTEMS, AND APPLICATIONS" ed- 
ited by Paul von Handel. Published by 
Prentice -Hall, Inc., Englewood Cliffs, 
N.J. 231 pages. Price $13.50. 

This volume has been prepared for 
those with a background in science but 
no previous knowledge of computers. 
It provides an objective analysis of all 
basic computer types. discussing the in- 
herent properties of digital computers, 
the analogue computer, and the digital 
differential analyzer. 

Emphasis has been placed on under- 
lying principles rather than specific 
machines or applications. In addition 
to the text, this volume includes a com- 
prehensive glossary of computer terms. 

"CITIZENS BAND RADIO MANUAL" com- 
piled by Sams Staff. Published by How- 
ard W. Sams & Co.. Inc.. Indianapoli9. 
160 pages. Price $2.95. Soft cover. 

This is volume one of a new series 
which covers forty -six 1960 -61 Citizens 
Band transceivers made by Apelco, 
Globe, Hallici'afters. Lafayette. RCA. 
Raytheon. Regency. Vocaline, Citi -f one, 
Gonset. Heath. Morrow, Radson, Real- 
istic, United. Scientific Labs. and Vi- 
king. 

As is the case with all of this pub- 
lisher's "Photofact" service material, 
this volume includes standard notation 
schematics, chassis photos, parts lists, 
replacement data, and alignment data. 
A special editorial section covers serv- 
icing CB equipment, qualifications for 
servicing CB radio. plus potential mar- 
ket data on sales and service. 
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IMPROVED RESISTANCE 

THERMOMETER BRIDGE 

Modified Mueller bridge 
developed by NBS is more 
stable and more accurate. 

CC 
v ONTINUING work at the National 

Bureau of Standards to increase 
the accuracy of temperature measure- 
ments has resulted in a redesigned 
version of the Mueller resistance ther- 
mometer bridge. The modified bridge 
has improved stability and extends 
measurement accuracy by a factor of 
ten, presenting dial indications in steps 
of one microhm. Specifications for this 
bridge were developed by John P. Evans 
of the Bureau staff. The Leeds and Nor- 
thrup Co. fabricated the instrument. 

A resistance thermometer consists of 
a sensing element which changes in elec- 
trical resistance in response to changes 
in temperature. In precision thermom- 
etry the temperature is computed from 
the resistance measured by connecting 
the thermometer as one arm of an ac- 
curate resistance bridge. A coil of plati- 
num wire is used as the thermometer 
winding. Resistance changes in the 
lower- resistance thermometers are so 
small that lead resistance and contact 
resistance would reduce accuracy 
alarmingly if not balanced out or nearly 
eliminated. For this reason special 
measurement techniques have become 
common in this field. 

The newly modified Mueller bridge 
has an added lower- resistance decade to 
increase measurement definition to 1 
microhm. The instrument's range is 0 
to 422 ohms. To reduce switch -contact 
resistance. mercury -wet ted contacts are 
used on the higher resistance ranges. 
The four lower resistor decades are 
switched by means of sets of enclosed 
wafer switches having brush -type con- 
tacts. In addition. two switch wafers are 
paralleled for each decade to further 
reduce contact resistance. The new 
bridge includes a ten -turn adjustable re- 
sistor in place of the former slide -wire 
divider. 

The order of accuracy required can be 
obtained only by closely controlling the 
temperature of its critical resistors. 
These resistors are mounted within 
holes drilled in an aluminum -block heat 
reservoir. The temperature of the block 
is maintained at 35`C by means of heat- 
ing coils and a highly accurate thermo- 
static control. The modified bridge, like 
previous forms of the Mueller bridge, is 
balanced by means of indications on an 
external galvanometer. The measuring 
circuits are carefully shielded to permit 
the use of sensitive electronic null -de- 
tection devices. An additional switch 
section is provided on each resistor -se- 
lector shaft for operation of external 
digital data -recording equipment. 

For further information on the new 
bridge, refer to the National Bureau of 
Standards. Office of Technical Informa- 
tion. Washington 25, D.C. 
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How's Your Frequency RADIO - 
TRANSMITTER 
FREQUENCY, 

That is 
2 

. quick check with a tunable 
receiver in almost any populous area 

shows lots of activity on the Citizens Band ... and 
a surprising proportion of transmitters which are off frequency. 

TWO VERY GOOD REASONS FOR HOLDING REQUIRED FREQUENCY 
TOLERANCE ARE: 

1. VOICE QUALITY AND DISTANCE COVERED WILL BE AT MAX- 
IMUM BECAUSE OFF. TUNING DOWNGRADES PERFORM- 
ANCE VERY QUICKLY. 

2. NO TICKETS FROM THE FCC FOR VIOLATIONS. FCC TOLER- 
ANCE FOR CLASS D CITIZENS BAND :IS 0.005 %. 

THE LAMPKIN 105 -B FREQUENCY METER IS A NATURAL FOR 
CITIZENS BAND WORK. ACCURACY IS AMPLE (0.0025%ó). IT 
COVERS ALL CHANNELS (CALIBRATIONS FREE WITH NEW METER. 
ON REQUEST. FOR THE 23 CLASS D CHANNELS) . . AND WILL 
OPERATE AS A SIGNAL GENERATOR (FOR ACCURATE RECEIVER 
ALIGNMENT). THE PRICE IS LOW (5260.00 NET) AND DELIVERY IS 
IMMEDIATE! GET ONE YOURSELF -OR HAVE YOUR CB CLUB BUY ONE! 

r 
LAMPKIN LABORATORIES, INC. 

I 

105 -B FREQUENCY METER 
MFM Division, Bradenton, Florida 
At no obligation to me, please send free 

I booklet and information on Lompkin 
meters. 

INFORMATIVE 
BOOKLET ON TWO - 
WAY RADIO. IT'S 
FULL OF 
FACTS AND 
FIGURES 

Reliable ... since 1938! 

LAMPKIN LABORATORIES, 
. INC. 

BRADENTON 
FLORIDA 

ßa a a ̂  r xe e4 : i% t i/. s rges e 

BUY NOW AND SAVE ! ! 
OVERTONES. 10 to 30 Meg. Tol. 005 °0 ..$2.50 
AMATEUR & NOVICE Fundamental. .Tot. .005°á 
HC.6 Herm. Sealed $2.50 
HC -6 -6 Meters (5th Overtone) $3.75 
MARINE FRED. 11C -6 (Herrn. Sealed) 

Tot. .005% $3.50 
ALL MARINE FRED. -FT -243, OC -34 Hold Tol..005.. 2.00 
POLICE, C.A.P., CO. MARS. TOI. .01% $1.89 

CITIZENS BAND -11 METERS -.005% TOL 
26.965 to 27.225 MC, 3rd Over. Herrn. Seal. or 

FT -243 $2.50 
13.4825 to 13.6125 MC, 2nd Harm. Herm. Seal. or 

FT 243 $2.50 
6741.25 to 6806.25 Kc, Ith Harm. FT -243 only $2.00 

SPECIAL! 
STOCK CRYSTALS 

FT -243 Holders 5700 KC to 
8700 KC in steps of 25 KC's 

SEND FOR FREE CATALOG 

DC -34 Hold. 1690 KC to 4440 KC steps of 10 KC, ea. 79c 

80 Met 3701 -3748 -Steps of 1 KC. FT -243 1 49 NOVICE BAND FT -243 Fund. ea. $ 

40 Met. 7150- 7198 -Steps of 1 KC. FF -243 
Dbl. to 40 Met. 3576 -3599. Steps of 1 KC. FT -243 
15 Met. 5276 -5312 -7034 -7083 Steps of 1 KC. FT -243 
F7.243 -2 Meters (Steps of 1 KC) 
FT.243 -6 Meters (Steps of 1 KC) 
FT -243 -From 3000.4000 
FT -243 -from 1005-2999 (Steps of 5 KC) 
FT -243- .005 °e Tol. From 3000.8750 
FT-243-.01% Tol. From 3000 -8750 
FT.241 SSB Low Ktals 370 to 540 KC 

(Steps of 1.852 and 1.388) .S .69 
FT -241 SSB Matched Pairs $2.39 
FT- 241- AN /TRC -1. 721.167 KC- 1040.625 

(Steps of 1.042 KC- Except 1000 KC) S .96 
inclue SC per Cryal.,l poSta1 g. I U.S. only). Calif. add -s: loo. NO C.O.O. P ,ci to Chg. Ind. 2nd CNOICe. 
sub. , . 

...foci 
S2.50 

1Open Friday Evenings until 9 P.M. 

51.19 
$1.19 
51.19 
$2.39 

.52.39 
51.89 

"The House of Crystals" 

U. S. CRYSTALS, Inc. 
1342 S. La Brea Ave. Los Angeles 19, Cal. 

Name 

Address 

City State J 

Cj h Fsnr m Its 
STEREO -MONAURAL 

HI- FIDELITY 

TUNERS & 
AMPLIFIERS 

High 

Quality 

Performance 

Low in 

Cost 

71U Slereeç(oeic Ae (6e . Corn. 
pieta 24 watt stereo. pre.amphher 
and ampl(her In one low cost unit 
Net. $79.95 (Enclosure $10.00 
Extra). 
1/U Amelia... Low priced stereo 
and mosaural amplifier. Net. 
$59.95 (Enclosure $10.00 Extra). 

UI AeNiBI . .. 12 watt monaural 
amplifier with builtn pre.ampli- 
her. Net. $39.95 (Enclosure $10.00 
Extra). 
MIA Raabe . AM -FM Tuner. 
Stereo and Monaural Amplifier. 
Net $149 95 less Multiplex (En- 
closure $10.00 Extra). 
Write today for FREE literature on 
the complete Grommes Line 

GROMMES Div. of Precision Electronics, In:. 
9101 -N King Ave., Franklin Park, Illinois 
Please rush details on the Grommes Line. 

Name 

Address 

City Zone State 
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34AcH 
s32 

Per 100 
71111E 

fTi]II MARKET 
1 YEAR 

GUARANTEED 
RADIO - TV TUBES 

All tubes r. 
il w. but mat be elttóbm4Mlt oe11ecl 

acta, 2ní11 metile! Eachetltani mined ELECTRONIC MARZE' 

, *ili notate (REI any tube mat becomes detective In use within 

1 led' Patl ai`LUt nt OM` Ìhé sands Mee` Tubes m 
and 

ON SAN 611561 KM 
6517 12106 

11161 SAN 676 61Lí 
06 

10161 5101 
61L5 6CM1 6511 ACAS 

I MSm SM 
OCI SC117 674 1204 

1210 
1205 
12%1 
ISLA 
1207 
1255 
12511 
12511 
125 
1250110 61 

1216, 
12.661 
1261 

114 5U4 6706 SCSI 6T1 

105 SUI N6 6CIS 60 

101 5T4G OK 6051 60561 

IU 50661 61666 6CÚ5 60661 

2114 SU SIMS 6CÚ6 64 

2664 513 5116 606 611561 

3115 KIN 
6X461 6111 606661 6761 

1165 

21 OM 6006 120 KEW 1 

15 125 
21116 6005 6006 114 

66 
126615 

1126 4111 6161661 616 
12616 

LCS KV 615 
121111 

354 sum 6151 611 

12601 166u6í1 IVI 545 6111 65141 12601 

KIM 6056 60056- 601 

1511 4007 6016 6006 551611 1N0ä1 151G60 

021 610561 61121 6S61 126n 

5ÁM1 ELM 1 Kee ISIS 12661 OSAS 

T 

50110 611561 SUS 6561 12101 3515 

501 
66461 SC16G iii 12116 í5wí 

00 Ma SHIPPED SAME OA, RECEIVED 

SHIPPING INSTRUCTIONS ELECTRONIC M Rnit 
PATS YOUR POSTAGE a 

re 
510 or 

ruS , d Tenne.nt se 
° 

y 

Car 

°egn o , Ant e n' less SIC 
nenes 254 chute Sed25eCOD 

l`1 
RECEIVER TUBE NOT IISTEO ALSO AVAILABLE 

25 
per tube 

QUANTITY 
DISCOUNT 

When purchasing lots of 
50 or more same type tube 

Applies to tobesabelow only 

6'911 
60X4 
60114 
6116 
6AÚ6 

:1< 
145 
654 
111101 

!1A71 

'0011 

GAGS 
Stil 
6061 
SORS 

12CM5 
11616 
12561 
121n 

6116 

61E 

611 

611 
6111 
loto 

5015 
60wó 
SAM 
SAI' 
6065 

74< SILICON RECTIFIERS 
w A n 500 MA 'TOP HAT' 

EACH 
ALL PURPOSE 

per 100 Epoxy construction 

COMPLETE LINE Of 

INDUSTRIAL TUBES 

ONE OF THE LARGEST 
INVENTORIES IN THE COUNTRY 

ELECTRONIC MARKET 
3750 E. 10th CT., HIALEAH, FLORIDA 

Phone: OXford 1.5331 
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New Westinghouse Circuits 
cant imfeel Tram page 57) 

I ion of the linearity slug associated with 
the magnet "biases" the saturable coil 
so that its non - linear action cancels 
non -linearity in the waveform itself. 
Deflection -coil current now follows the 
pattern of Fig. 5B. 

With a "correct" waveform applied. 
linearity problems appear to be solved. 
A new villain enters: symmetrical 
non -linearity. developed in the picture 
tube itself. Consider that the scanning 
beam originates from point A in Fig. 
6A. Of course. electrons actually start 
farther back in the neck. but point A. 
about where the deflection yoke takes 
control, is the pivot for scanning. If the 
picture tube's screen were shaped to 
conform with beam sweep, it would 
follow the broken -line arc, B- C -D -E, 
and any line from point A to this curve 
would have the same length as any 
other. Movement of the beam across 
this hypothetical screen would be lin- 
ear. with screen distances being equal 
if they are included by equal angles 
from point A. Everything fits! 

But viewers do not like curved 
screens. They prefer flat surfaces. The 
actual screen face, then. is the solid, 
nearly straight line. B -E. which (loes 
not follow the angular swing of the 
beans. Although the three angles at 
point A are equal, lines A -B and A -E 
are not equal to lines A -C' and A -D'. Al 
the same rate of angular rotation, the 
scanned beams moves over a greater 
distance from B to C' and from D' to E 
than it does from C' to D'. Even with a 

very linear sate- tooth, the rate of physi- 
cal scan on the flat screen changes to a 
fast -slog -fast pattern. 

Since this effect occurs whenever 
CRT curvature fails to follow the arc 
of beam sweep. it is as old as television 
itself, and older if we think of the CR 
oscilloscope. With narrow deflection 
angles. however, the resultant distor- 
tion is so unnoticeable that it can be 
and is ignored. When we make our 
picture tubes so shallow that we sweep 
them through more than 110 degrees. 
the effect is evident. The picture is 
squeezed in the middle but stretches 
out on either side. 

A glance at Fig. 4 tells us how sym- 
metrical non -linearity is laid to rest. 
Capacitors CI,I and Cr_: are added to 
distort the "correct" current waveform. 
Introducing a mild. integrating effect. 
they produce the slight non -linearity 
shown in Fig. 6B. The rate of current 
rise along the slope now follows a slow - 
fast -slow pattern -- canceling the pat- 
tern imposed by CRT construction. 

With a knowledge of the circuit, prac- 
tical correction of non -linearity is 
simple. If it is asymmetric, start by 
adjusting the linearity slug 2í -inch out 
of the coil, which should be close to the 
right setting. Then adjust width for 
about an inch of overscan. Touch -up 
manipulation should take care of the 
rest. Symmetrical non -linearity is cor- 
rected by adjusting the value of C,,.;. A 

BC -221 FREQUENCY METER. $69.50 Like NEW. \sail] ,n,,,I II.II !';Litt 1ä9,,k. Only 

O C603 FM Receiver 2,0.27.11 Mc. 1cn 19.95 
17C604 MF Transmitter lnsmllter 

001. tu n.. Ilr;in,l New 

13M34 Dynamotor. Ilnln,l New 
D M35 Dynamotor. Itraml New 

.i ]..v ... 
9.95 OC-923 A F1M eceeiveIr 

llul 29.95 
n AN APN-9 LORAN ReeelverIndiCator with 

124.95 _ \ . II, Inlerter. t h,eket xc. 
AN APN-1 {O\ LORAN RetelverIndlCalor wie:th 

' AN APR.{ Reeeiver:IM \IC'i 
h.-"III`.ut. h:%e 89.50 . 

I tnntng ono. . Cheek-y.1 :cF:xc. 
. . 259.50 4RTl3 T1anfmlNer with 0,.clllatnr. 

1111K, :Old meter, uood ,nnaulnn.. 49.50 

6.95 
3.95 

T.22 'ARC s Transmitter. nr:nld New 14.95 
14.95 
4.95 

12.95 
14.95 

1.95 
1.950 Field Strength Meter. I.....I ií: a,. 1.95 
Mn., Modulator .e.t iI ... 5.95 
R T.100 A APS -l9 X" Rand Transceiver with 
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GRID BOARD USED TO BUILD 

A DECADE COUNTER 
By J. G. CURTIS / Sr. Applications Engineer, Corning Electronic Components 

New copper - plated glass- ceramic material makes it 
simple to breadboard experimental electronic circuits. 

After components have been arranged properly and temporarily located 
on grid board, interconnecting leads are drawn in on layout paper. 

AUNIQUE tool for electronics tech- 
nicians and designers, the "Foto- 

ceram" printed- circuit grid -board, helps 
them to find out how well their experi- 
mental circuits work. A designer can 
make two -sided circuitry on a board in 
his laboratory or home workshop with 
an etching process that takes only 20 
minutes. To detail the best ways of us- 
ing a grid board and the pitfalls to 
avoid, the author used one to construct 
a 74- component decade counter de- 
scribed in an earlier issue of this 
publication ("The Electronic Decimal 
Counter." October 1955 issue of RADIO 
& TELEVISION NEWS). 

Fotoceram grid boards are flat pieces 
of solid, extremely low -loss glass - 
ceramic material. The boards are plated 
on all surfaces with pure copper and 
are studded with grids of holes for 
mounting components. 

They are made in several shapes and 
sizes and can be bought separately or 
in kits from many electronics distrib- 
utors throughout the country or from 
Corning Electronic Components, Corn- 
ing Class Works, Bradford, Pa. The 
author used a board from the smallest 
kit (which sells for $R.95) to make the 
decade counter. This device, which con- 
sists of 15 capacitors, 45 resistors, 10 
neon lamps, and four vacuum tubes, 
proved to he as complex as any that 
could be built on the 3" x 5" board. 

Two features of the boards are no- 
table. Because the holes in the grids are 
through -plated with copper, no eyelets 
are needed for front -to -back connec- 
tions or for mounting terminals. And 
because of the nature of the material, 
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delamination of the boards or separa- 
tion of the copper is impossible. 

The kits are handy because they con- 
sist of virtually everything needed to 
create a printed circuit. They come in 
plastic boxes that double as etching 
trays, and contain various numbers of 
hoards along with layout patterns, in- 
structions, liquid and tape etching re- 
sists. and etching crystals. 

Here is a step -by -step account of how 
the author used a grid board to make 
the decade counter. 

The first step was to estimate roughly 
what sections of the circuit were to go 
where. In the decade counter, each tube 
requires about the same space because 
each stage is very similar. The sockets 
were therefore placed on the grid board 
to give each one equal space. 

The next step was to insert the com- 
ponents in the grid so that the terminals 
were as close as possible to tube pins 
and other connection points. The corn- 
ponents were re- arranged several times 
until they were in the best position to 
minimize mechanical interference, stray 
capacitance, and the number and 
lengths of runs and jumpers. 

The third step consisted of drawing 
the circuit pattern on the piece of paper 
that duplicates the board's grid pattern 
(see photo). The paper is supplied with 
the kit. The unetched board, with com- 
ponents in place, was used as a guide. 
Pads were drawn for all the socket pins 
and components, taking care that no 
pad touched an adjacent hole unless a 
connection to that hole was wanted. 
Then the interconnecting runs were 
drawn. Ordinarily, runs should be 

Only General Electric gives you this: 

New Orthonetic 
Stereo Cartridge 

Purest musical response... 
even beyond 20,000 cycles! 

Breakthrough in musical reproduction! 
General Electric's new VR -1000 ORTHO- 
NETIC Cartridge gives precise, undistorted 
reproduction of every note on your high - 
fidelity records -even at frequencies above 
the normal range of human hearing! 

Even the most subtle overtones 
come through... 

Ordinary cartridges shave off the higher 
harmonic frequencies that give orchestral 
instruments their characteristic color. 

Thanks to a revolutionary new suspen- 
sion and damping system, the VR -1000 
ORTHONETIC Cartridge fully reproduces 
these harmonic frequencies, with barely 
measurable loss or distortion. 

This means that every instrument has 
its true coloration; even the most sensi- 
tive ear can listen without the fatigue 
caused by musical distortion. 

Tracks at pressures as low as one 
gram -prolongs record life . 

The low- moving mass of the ORTHONETIC 
assures highest fidelity even on the fast- 
est passages, minimizes record wear. 

Provides up to 30 decibels per channel 
stereo separation. Ask your General 
Electric cartridge dealer for full specifica- 
tions or write VII-1000, General Electric 
Co., Audio Products Dept., Decatur, Ill. 

Pogroas Is Our Most /mpoifant Produd 

GENERAL ,; ELECTRIC 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


r CHICAGO, ILL. 
4101 N. Milwaukee Aver 

CHICAGO, ILL. 
123 N. Western Ave. 

r 
CLEVELAND, OHIO 
2020 Euclid Ave. 

1 J 

CLEVELAND, OHIO , 
6813 Pearl Road J 

r MILWAUKEE, WISC. 
423 W. Michigan 

Write for 
details 
on how to 
become on 

OLSON 
DISTRIBUTOR 

11 OLSON STORES 

PLUS MAIL ORDER 

Olson Stores In: 

AKRON, OHIO 
69 W. State Street 

ATLANTA, GA. 
485 Peachtree St. 

BUFFALO, N.Y. 
711 Main Street 

r COLUMBUS, OHIO 
142 N. High Street 

l 

INGLEWOOD, CALIF. 
4642 W. Century Blvd. 

PITTSBURGH, PENN., 
5918 Penn Avenue 

SAL 

Fill in coupon for a FREE One Year Subscrip- 
tion to OLSON'S Fantastic Bargain Packed 
Catalog - Unheard of LOW, LOW WHOLE - 

E PRICES on Brand Name Speakers, 
Changers, Tubes, Tools, Hi -Fi's, Stereo Amps, 
Tuners and other Bargains. 

MAIL TO: U 
OLSON ELECTRONICS 

OISOII 630 S. Forge Street 
Akron 8, Ohio 

NAME 

ADDRESS 

CITY ZONE STATE 

78 

placed between the rows of the holes. 
The decade counter circuit used runs 

on both sides of the board. Making two - 
sided circuitry was easy, because the 
copper plating completely covers both 
sides and the inside of each hole. To 
draw the circuit pattern for the other 
side, the paper was held against a win- 
dow in order to view the front and rear 
patterns simultaneously. 

After the interconnecting circuitry 
was sketched on the layout paper, pads 
were added for wire jumpers and for ex- 
ternal connections such as "B + ," heater 
power, ground, input, and output. The 
layout was then carefully checked for 
accuracy, since this was the last stage 
where errors could be corrected easily. 

It is important to get all the protec- 
tive lacquer off the board to avoid etch- 
ing difficulties later. Alcohol or lacquer 
thinner does the job. The components 
were removed and the board was 
swished around in the bath for more 
than five minutes to make sure that 
no lacquer is left on the inside of the 
holes. Then the board was given a 
second bath in clean solvent. 

Using the penciled layout as a guide, 
the pad and run pattern was copied 
unto the grid board itself. A soft pencil 
was used so that errors could be erased. 
The penciled layout on the board was 
double- checked before proceeding with 
t he next operation. 

Liquid resist is now applied from a 
tube, supplied with the kit, over the 
penciled lines. The tube is fitted with 
a ballpoint applicator that lays down 
runs of proper width with remarkable 
ease. 

Neatness in laying down the resist 
is important, since the inked pattern 
is reproduced faithfully on a grid board 
by the copper that remains after the 
etching is done. An accident with resist 
was repaired easily after it dried by 
scraping off the error with a razor 
blade until the copper was bright. 

It took 30 minutes at room tempera- 
ture for the resist pattern to dry. After 
this a very careful inspection was made 
for mistakes. Where found, they were 
scraped away -every bit of each one - 
until bright copper showed. The fine 
threads of resist that formed when the 
tube was lifted from the board were 
brushed away easily after they dried. 

If tape resist from the kit is used, it 
should be pressed tightly to the board 
with a fingernail to prevent under- 
cutting by the etching solution. Cover- 
ing the lap and butt joints with liquid 
resist insures continuity. 

Now the board is ready for etching. 
The etching solution is made by dis- 
solving one bag of the etching crystals 
(ammonium persulfate) in a pint of hot 
tap water. The plastic box that contains 
the kit made an efficient and convenient 
etching dish. The action of the ammoni- 
um persulfate on the copper helps to 
generate enough heat to keep the solu- 
tion warm while the board was being 
etched. In addition, the container was 
placed in a pan of slowly circulating 
hot water to make sure the etching 
action would continue until the board 
was completely etched. 

The board was gently agitated in the 
solution with a glass rod (a plastic 
spoon will also do the job1. It was easy 
to see when the unprotected copper was 
completely removed: the Fotoceram in- 
sulating material showed up as a choco- 
late brown. The time required for this 
operation is about 20 minutes. 

When the etching is completed, the 
board should be rinsed thoroughly in 
lukewarm tap water to remove the 
chemical. The etching resist was re- 
moved with mineral spirits (paint thin- 
ner) until the circuit runs and pads 
were clean and bright. A pencil eraser 
brightened them even more. The board 
was washed thoroughly in hot water 
and ordinary detergent. It is now ready 
for mounting the components. 

As it turned out, the layout for the 
decade counter was clone correctly and 
component assembly proved to be easy. 
Soldering was a real pleasure because 
of the affinity of the copper and solder. 
Where holes were left plated, capillary 
attraction actually pulled the solder in 
solidly around the lead wires. Run lift- 
ing was completely absent -- in fact, 
impossible. because the copper isn't 
fastened to the board with adhesive. No 
special precautions were observed ex- 
cept to remember that Fotoceram is a 
form of glass and shouldn't be forced, 
flexed, or gripped by bare metal of 
pliers or in a vise. 

The decade counter was now com- 
pleted except for putting in jumpers 
and external wiring. The device was 
mounted for use by slipping two edges 
of the 1/16" thick board into slotted 
channels and fastening the assembly to 
a chassis. Materials for such channels 
can be any kind of insulation that will 
cushion shock or damp vibration. 

Although this project didn't require 
large components, such as transformers 
or potentiometers, they could have been 
accommodated merely by making large 
pads. Boards as big as 9" x 12" are made 
by Corning. A glass cutter will cut a 
board from an outside edge. but holes 
within a board can be cut only with 
specialized equipment designed to cut 
ceramics. 

Fotoceram glass- ceramic won't ab- 
sorb moisture, delanpnate, warp. rot, 
burn, or change its shape or electrical 
characteristics in any way. Therefore, 
the decade counter the author built on 
the grid board should last indefinitely. 
It is now serving as one of three count- 
ers in a chronograph, used to measure 
bullet velocities. 

(Editor's Note: The author used the 
decade counter as an example of con- 
ventional circuit ry which could be 
adapted to use with printed- circuit 
techniques. Unfortunately the October 
1955 issue in which the diagram ap- 
peared is no longer arailable from us. 
Those 'wishing to duplicate the author's 
project will hare to check second -hand 
vna!irrïine shops. public libraries, or or- 
der "Xerography- copies from Univer- 
sity Microfilms. Inc., 't1.1 N. First St.. 
Ann Arbor. Michigan. The cost is 20 
cents a page with a minimum order of 
$2.75.) A 
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A 50 -Volt Megohmmeter 
(Continued from page 47) 

Considerable effort was expended in 
the design of the d.c. amplifier to make 
operation independent of differences 
among transistors. Then from a com- 
pletely random assortment of CK722's, 
the author replaced all four transistors 
seven times over, recalibrating and test- 
ing the instrument each time to verify 
that it would still work properly. Nev- 
ertheless there is sometimes tremen- 
dous variation from one CK722 to 
another; so, in case of difficulty, it may 
prove necessary to replace or inter- 
change one or two transistors. 

One possible trouble is inadequate 
gain. where full -scale deflection cannot 
be obtained unless feedback is reduced 
nearly to zero. Try replacing V, V, or 
V. (Note: Heat from the fingers causes 
drift.) 

Another trouble that has been en- 

countered is jitter of the meter needle. 
Barring loose connections, this trouble 
is due to an intermittent transistor, 
most likely V. or V.:. 

Given a good milliammeter, accuracy 
of the instrument should be very nearly 
perfect. To check, connect a number of 
megohm -range resistors in series to ob- 
tain exactly 50 megohms. If this com- 
bination reads exactly half -scale, then 
linearity can be assumed perfect. If not, 
try interchanging transistors in the 
d.c. amplifier ( that includes V.:). 

Temperature Compensation 

With a random selection of transistors 
in the d.c. amplifier, there is likely to 
be some drift in the meter range as am- 
bient temperature varies. Ordinarily 
this drift presents no real problem, 
since the "Zero" control must be ad- 
justed before each measurement any- 
way. Even if meter zero drifts out of 
range of the "Zero" control, the "Bal- 
ance" control can always be adjusted to 
bring it hack. 

But it is possible to improve compen- 
sation if necessary. The effect of in- 
creasing temperature is to make the 
transistors conduct more heavily. 
Greater conduction of V:,, V,, and Vs 
tends to shift the needle up- scale; 
greater conduction of V. down -scale. 
One effect or the other will almost al- 
ways predominate; but with a lucky 
selection of transistors the two effects 
will largely cancel, keeping meter zero 
within range of the "Zero" control. 

The author knows no convenient 
means for sorting transistors according 
to thermal characteristics. Therefore if 
the builder decides to attempt compen- 
sation he will probably have to depend 
on trial and error, replacing or inter- 
changing transistors in the d.c. ampli- 
fier until he happens on just the right 
combination. Perfect compensation is 
very difficult to achieve. The builder 
should be satisfied if meter zero can be 
kept within the range of the "Zero" 
control within normal excursions of 
room temperature. 
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SIGNAL -STRENGTH METER FOR CB 
By FRED BERHLEY, 2W3640 

Complete details on the addition of a simple indicator 
to a Citizens Band receiver that can be employed to 
give useful, dependable, and comparative signal reports. 

SIGNAL- STRENGTH or "S" me- 
ters in one form or another are 
being used in commercial and 

amateur equipment to indicate the 
strength of r.f. carriers at the receiver. 
Most "S" meters measure the a.v.c. volt- 
ages generated within the receiver and 
these voltages are proportional to signal 
strength. 

In general, an "S" meter report is 
good enough to give assurance to the 
transmitting party that his signal is 
getting out. However, no truly accurate 
report is possible because there is no 
generally accepted "zero" level. 

The signal- strength indicator de- 
scribed herein and shown schematically 
in Fig. 1 has been constructed around 
a sensitive 0 -50 pa. meter and will give 
accurate and dependable readings at all 
times. This unit will be especially useful 
to the countless CB transceiver owners 
who do not have a signal indicator built 
into their units but who wish to keep 
their rigs working at maximum effi- 
ciency by occasionally exchanging sig- 
nal reports with other stations in the 
Citizens Band. 

It should be understood that any time 
we insert a series resistance with a 
microammeter in the circuit, as shown, 
we are actually transforming the cur- 
rent meter into a d.c. voltmeter. Using 
Ohm's Law and the resistance values 
given, we can show that a 0 -50 pa. meter 
with a series resistance of 200,000 ohms 
becomes a 0 -10 volt d.c. meter, and using 
the same meter with an 800,000 -ohm re- 
sistor would give us a 0 -40 volt meter. 

Some operators prefer to give and 
receive signal reports in decibels. By 
establishing a "zero" level or reference 

PLATE 

LAST I F 
TRANSFORMER 

DIODE 
DETECTOR 

NSULATEO SHIELDED 

point on the lowest voltage range we 
can set up voltage ratios throughout the 
meter's range, permitting us to give 
decibel readings. 

Let us select .1 volt as our "zero" level 
or reference point. This happens to be 
close to the a.v.c. voltage generated by 
the no- signal noise level and self -bias 
encountered in many receivers in an 
average location. We are not interested 
in voltages below .1 volt but all readings 
above this value represent an increase 
in signal or noise level. Since we intend 
to use both voltage and decibel scales 
for our meter, we must first calibrate 
the lowest voltage range, or 0 -10 volts. 
No special equipment is required; it is 
simply a matter of converting the volt- 
age readings to ratios compared to .1 
volt and converting these ratios to 
decibels. 

Using .1 volt as our "zero" level, as- 
sume we receive a signal that reads 5 
volts. A voltage ratio of 50 exists be- 
tween the zero level and the 5 volts we 
read on the meter. Applying the decibel 
formula of db = 20 lop, E ratio, we ob- 
tain 20 log 50. From log tables or a slide - 
rule we find the log of 50 to be 1.7, and 
20 x 1.7 = 34 db. For a 10 -volt signal, 
the ratio would be 100 and the db value 
would be 40. Using this method we can 
calibrate the entire 0 -10 volt scale in 
convenient db values. 

The 10- volt /40 -db scale may not be 
high enough because many stations will 
produce signal levels resulting in a.v.c. 
voltages greater than 10 volts or 40 db. 
If we switch in our 400,000 -ohm series 
resistance we double our previous volt- 
age range to 0 -20 volts and increase the 
db scale by 6 db, to 46 db. There will be 

Fig. 1. Schematic of the indicator 
showing connection to the receiver. 
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stations, especially those operating close 
to a receiving set, that will register 
signal levels in excess of 20 volts or 46 
db. Unless we are willing to have our 
meter needle pinned, we will have to 
use the third voltage /db range. Using 
an 800,000 -ohm series resistor increases 
the voltage range to 40 volts and the db 
scale to 52, which most likely will cover 
all signal levels without ever having the 
meter needle pinned against its stop. 
Note that every time we double the 
voltage range we add 6 db to the decibel 
scale. 

The switching arrangement shown in 
Fig. 1 accommodates four positions, in- 
cluding "off," with the 40- volt /52 -db 
position adjacent to the "off" position. 
This arrangement will prevent damage 
to the meter if it is in the "off" position, 
then switched in while a very strong 
carrier is being received. 

Incidentally, the resistors chosen 
should be as close to the values indi- 
cated as possible, preferably within 1 
per -cent. We have not taken into ac- 
count the resistance of the meter in 
choosing the values of resistors, but this 
will result in negligible error. Also, 
rather than using a separate 50 -pa. me- 
ter, we can use this range on our v.o.m. 

When called upon to give a signal re- 
port, we switch momentarily to a volt- 
age range that gives a reading toward 
full -scale for maximum accuracy. Ex- 
amination of the voltage versus db scale 
will disclose that an error of 1 volt on 
the high end equals an error of 1 db, 
while on the low end of the scale an 
error of 1 volt can mean an error of 6 db 
or more. Therefore all readings should 
be taken close to full -scale. 

SELECTOR SWITCH 

4OVOLTS -5208 20 VOLTS -4600 
ADD 1208 ADD 60B 

METER OFF IO VOLTS -40 DB 
DIRECT 

Fig. 2. Suggested marking for the switch. 

Fig. 3. Copy of the actual meter scale employed by the author. 
DB 
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The actual meter scale for the signal 
indicator is shown in Fig. 3. The scale is 
a copy of the writer's own meter and 
has been in use for some time. The cali- 
bration was restricted to two scales in 
order to keep the scale easy -to -read. 
Fig. 2 shows the suggested marking for 
the selector switch. With the switch in 
the -1 position the meter is discon- 
nected. In position _2 the highest volt- 
age range of 0 -40 volts will be in use: 
voltage readings as indicated on the 
meter must be multiplied by 4 while 12 
(lb should be added to the scale reading. 
With the switch in position =3, voltage 
readings are multiplied by 2 and 6 db 
added to the reading. In position °4 all 
readings are direct, as indicated, with 
no multiplication or addition required. 

The completed meter as described has 
a sensitivity of 20.000 ohms- per -volt and 
its insertion loss is low. The signal- 
strength meter will give excellent ac- 
curacy as long as the receiver to which 
it is connected is kept in good operating 
condition and does not suffer any loss of 
sensitivity. Antenna, r.f., i.f., and de- 
tector circuits may be checked with the 
signal -strength meter by occasionally 
taking a number of readings of known 
carrier levels thus the loss of receiver 
sensitivity may be readily detected. 

TV GHOSTS? 
By H. R. HOLTZ 

TI11, cost 5r tl gilt he had a ghost 
of the old -fashioned kind -the kind 

that h: s houses. Ile told me that his 
TV set turned itself on during the night! 
Perhaps IIi rc was a hit of skepticism in 
the look I ate liim :I net h dropped 
open. Ile heel dfensiS'e. 

"I know:' hr said, "il s Is crazy 
het every night I wake up suddenly and 
hear that bit 41 'IN blaring away. 
t downstairs and thre it is -on." 

I figured I'd better h him while 
I ti glut of a war to get out of there 
before Ile bee: dangerous. I ex 
the set. It was a 1958 lel Sylvania 
connoltte, metal cal ' 1, knobs coming 
out of the top. I checked the "on -o1T" 
switch. 11 proved to he of those pull - 
on, push -oft types 1I1a1 tau can turn on 
stud off will changing the se g of 
the yu1111111. 011irol. I pulled it. .tItee. a 
few see Is, it came on and played nor- 
mally. I pushed il. It went off. I pulled it 
on and pushed it oil' .Iteral s think- 
ing furiously, seeking s wan to alt - 
sent myself front this scene casually. 

I pushed it a bit too hard. The knob 
kept g down until the plastic riot of 
the knelt contacted the metal top and 
dimpled it. I had a sudden idea. I pressed 
the metal top of the cabinet, several 
inches fr the knob. The depressed 
metal around the knob sprang back to its 
normal shape, suddenly, anti flipped the 
knob up hard e gh to trip the switch 
and turn the set on. 

\orm:dly, the purr ratan had been do- 
ing this every night when he turned his 
set off. Ituring the night, the metal l finally 
resumed its shape, naturally, Just as I had 
coaxed it to do. 

.\ plug in the bra of the knob's 
control- shaft -recess prevented the knob 
fr traveling so far and prevented a 
recurrence of the ghostly phenomenon. 
It also saved my sanity: I wasn't sure 
which of us was tints. A 

PREPARE NOW FOR A 

SECURE AND PROFITABLE CAREER 
IN ONE OF THESE GROWING FIELDS 

OF ELECTRONICS 

LEARN 

TRANSISTOR 

OR 

COMPUTER 

TECHNOLOGY 

AT 

HOME 

Learn with proven home study 
courses from the Philco Techno- 
logical Center. Get practical knowl- 
edge with courses developed by 
specialists in electronics and train- 
ing ... men who know the kind of 
knowledge you need. 
Choose from five courses: 
1. Semiconductors-Transistor Priori plea and 

l 'ratetit's'a. Learn theory, come runt ion, ap- 
plientimis of all types of transistors. 

2. 1 nl rodurl ion to A nldog(' put ers-- Covers 
theories and fundamentals of analog com- 
puters. 

S. Analog (' paler Systems IAdvamsd 
Level) Covers the analog rwstem con- 
cepts and methods. 

A. Automatic Digital ( 'omputrs- Digital 
computer Ihwsry, maintenance, tnstulla- 
I ion, basic programming.. 

5. l'rttgramnling for Digital ('nnlpulrra- 
rovers i'nruding, set -up and operation. 

MAIL COUPON TODAY 
FOR FREE INFORMATION 

É 

Z 

o 

ó 
N 

T 
U 

PHILCO 
Philco Tech Rep Division 

P.O. Box 4730, Philadelphia 34, Pa. 
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Find out why -and do 
something about it -if you 

have the ambition to want a 
career instead of just a job. 

LET'S LOOK AT THE FACTS. There's something wonder- 
ful about understanding how a circuit works or what a 

filter capacitor does. If you've ever fixed a TV set, built 
a radio or used a voltmeter, you've tasted the thrills of 
electronics. 

This excitement may have led you to a job in electronics. 
But the glamour fades if you are stuck in the same job 
year after year. You'll be bored with routine and unhappy 
about prospects for future earnings. You'll discover, as 

have many men, that simply working in electronics 
does not assure a good future. 

If electronics is the "field of opportunity," how is this 
possible? No question about it, electronics offers many 
opportunities, but only to qualified melt. In any career 
field, it is how much you know that counts. This is 

particularly true in the fast moving field of electronics. 
The man without thorough technical education doesn't. 
advance. Even men with intensive military technical 
training find their careers can he limited in civilian 
electronics. 

INCREASE YOUR EARNING POWER while you are on the job. Mearl 
Martin, Jr. made profitable use of his CREI- acquired knowledge in pro- 
gressing from Junior technician to licensed Senior Engineer. His present 
position is Field Support Manager, Marketing Division of Tektronix, Inc. 

ADVANCED TECHNICAL KNOWLEDGE IS THE KEY to success in 
electronics. If you have a practical knowledge of current engineer- 
ing developments, if you understand "why" as well as "how," 
you have what employers want and pay for. With such qualifica- 
tions, you can expect to move ahead. 

CREI OFFERS YOU, for study at home, a complete program in elec- 
tronic engineering technology designed to prepare you for a 
rewarding, well -paying career in electronics. CREI equips you 
with a practical working knowledge of advanced and up -to -date 
electronic developments that will put you on the level of specializa- 
tion where men are most in demand. 

CREI MEN LIKE MEARL MARTIN, JR. hold positions as associate 
engineers, engineering aides, field engineers, project engineers and 
technical representatives. They work in every area of electronics, 
from manufacturing to research. 

WHEN YOU ENROLL IN A CREI HOME STUDY PROGRAM, 
you study courses to which a number of today's leading engineers 
and scientists have made substantial contributions. You are 
guided and assisted by CREI's staff of experienced instructors. 
You study texts that are specifically prepared for home study use. 
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EMPLOYERS RECOGNIZE THE BENEFITS they receive when employees 
increase their knowledge through educational programs. Industry need for 
better educated men increases by the day. Here Mear! Martin discusses edu- 
cation with W. K. Dallas, V. P, Manager, Marketing Division, Tektronix,Inc. 

GAIN NEW PROFESSIONAL STANDING. The CREI Home Study Pro- 
grams help you form new associations with responsible members of your 
company. Above (L to R) is Mearl Martin with Robert Wruble, Group 
Manager and Rollie Smith, Field Training Manager at Tektronix, Inc. 

Through CREI, you have a choice of programs covering every 
field of electronics: 
RADAR COMPUTERS SERVOMECHANISMS INSTRUMENTATION 
AERONAUTICAL AND NAVIGATIONAL COMMUNICATIONS TELEVISION 

AUTOMATION AND INDUSTRIAL ENGINEERING TECHNOLOGY 
NUCLEAR ENGINEERING TECHNOLOGY 
Programs are available for men, such as engineers, who already 
have extensive technical knowledge, as well as for men with 
limited technical training or experience. 

THE HIGH CALIBRE OF A CREI HOME STUDY EDUCATION is 
attested to by America's biggest corporations, where CREI 
students and alumni attain positions ranging from engineering 
technicians to engineers to top officials. Such companies are 
National Broadcasting Company, Pan American Airways, Federal 
Electric Corporation, The Martin Company, Northwest Tele- 
phone Company, Mackay Radio, Florida Power and Light and 
many others. They not only recognize CREI Home Study educa- 
tional qualifications but often pay all or part of CREI tuition 
for their employees. 

CREI HOME STUDY PROGRAMS are the product of 35 years of expe- 
rience. Each program has been developed with the same pain- 

ASSURE A BETTER FUTURE with a CREI Home Study Program. Living 
is better when you prepare yourself for -and get desired promotions. CREI 
alumnus Mearl enjoys living in a comfortable home in Portland, Oregon. 
CREI Programs help you make living better wherever you are located. 

YOUR WHOLE FAMILY BENEFITS from the success you can achieve from a 
CREI Home Study Program. They share in it. They enjoy it with you. It 
helps them realize and understand some of the values of a better education. 
Above Mear! Martin relaxes at home with his wife and his son and daughter. 

staking skill and care that CREI put into its electronics courses for 
the Army Signal Corps, its special radio technician courses for 
the Navy, and its group training programs for leading aviation 
and electronics companies. For those who can attend classes in 
person, CREI maintains a Residence School in Washington, D. C. 

YOU CAN QUALIFY for a CREI Program, if you have basic 
knowledge of radio or electronics and are a high school graduate 
or the equivalent. If you meet these qualifications, write for FREE 
58 -page book describing CREI Programs and career opportunities 
in advanced electronic engineering technology. Use coupon 
provided, or write to: 

The Capitol Radio Engineering Institute 
founded 1927 

Dept 1103 -K 3224 Sixteenth St., N.W. 
Washington 10, D.C. 2.1 
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TRANSISTORIZED 

ARE- EXAMINATION of the 
metal locator field discloses 
that as far as the small port- 

able types are concerned there has been 
no appreciable increase in range for 
many years. New models have been in- 
troduced but the improvements have 
been confined to reductions in size, 
weight, and current chain, due to tran- 
sistorization. Receiver signal -to -noise 
ratios have, in some cases, been im- 
proved by more than 100 per -cent but 
unfortunately this doubling of sensitiv- 
ity lias but small effect on the range of 
the instrument since a signal -to -noise 
ratio improvement of forty or fifty times 
is needed to increase the range signifi- 
cantly. Other factors, however, enter the 
picture and are peculiar to the type of 
circuitry employed. 

Types of Locators 

Metal locators may first be classified 
as prospecting, industrial, or military 
types, and then again divided according 
to the principle of operation. The first 

METAL 

LOCATOR 
By W. E. OSBORNE 
Consulting Scientist, Autonetics Research Center 

Design and construction of ultra -portable beat -frequency 

instrument that weighs only 28 ounces with batteries and 

includes both loudspeaker and output -meter indication. 

type uses a lightweight, highly portable 
transmitter (at frequencies ranging 
upward from around 50 kc. ), in which 
the frequency is varied by any metal 
within the usable field of the search 
coil. A meter and /or headphones records 
this variation. 

The second type is the more ex- 
pensive combination of transmitter/ 
receiver with its heavier current 
requirements and larger proportions of 
weight and size. Signal -to -noise ratio is 
most important in this type, as well as 
minimum direct leakage of signal be- 
tween transmitter and receiver. 

The third category, the beat- frequen- 
cy type, can possess a sensitivity at least 
equal to any other in its class if properly 
designed. The limiting factor here is 
usually "pulling" of the two oscillators 
at the mixer stage, but a little care will 
prevent this, and maximum sensitivity 
attained by operating slightly to one 
side (1 -3 cps) of zero -beat. 

Finally, we have the vehicle -mounted 
types (truck or airplane), which may 

be either transmitter /receivers (pulsed 
or c.w.), or permalloy -strip magnetom- 
eter detector /amplifiers, in which the 
magnetic field of the earth in any lo- 
cation is measured, cancelled out by an 
opposing field, and any increase due to 
the presence of metal then recorded. 
Hydrogen -bottle and other types of 
magnetometers are also utilized occa- 
sionally. 

In still another class, not placed in the 
above four categories because of limited 
range and lessening use. are the mag- 
netic- bridge types operating at audio 
frequencies and formerly popular as 
mine -detectors and pipe locators. 

The beat -frequency type of metal 
locator is described here. It is ultra - 
portable with case dimensions of only 
3" x 3" x 2 " +" high, weighs but 28 ounces 
including batteries, is 100 per -cent tran- 
sistorized, and includes both loudspeak- 
er and meter indication. The search coil 
is not included in the weight given as 
this will vary with the type of pole used. 
It should be under two pounds. The bat- 

Miniature speaker and microammeter provide output indication. 

Interior of the metal locator. The two metal shields divide 
the box into three equal compartments. The center compartment 
houses the two mixer transistors, the audio output stage, and 
the meter. The fixed oscillator shares the left compartment 
with the speaker. The search oscillator, the batteries, and 
the potentiometer for frequency adjustment are at the right. 
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teries. which are small No. 912 pentite 
cells, may be dispensed with if desired 
and solar cells substituted. These can 
he attached to the top and sides of the 
metal box. The schematic and parts list 
are given in Fig. 1. 

Search Coil 

The search -coil is hand -wound. The 
author stripped the wire from an old 
flat (and oval -shaped) antenna board 
that had formerly belonged to a small 
radio receiver. In the slots thus exposed 
is wound, in basket -weave fashion, 100 
turns of No. 24 s.c.e. wire. It may be 
necessary to lengthen the slots. 

The dimensions of the inside turn 
are 3" x 51" and of the outside turn 
8!. ' x 93.'.". Leads of approximately 
one foot are left at each end. The search 
coil is then doped and placed between 
two pieces of plywood. cut to the same 
shape with an extra 1,'2" to spare all 
around. Two thin wood screws near the 
center of the coil hold the whole assem- 
bly together. The leads are. of course. 
brought to the top side through suit- 
able small holes. Mount a swivelled pole 
(about six -feet long) with wooden 
blocks as shown in the photo (right). 
along with a coaxial receptacle to which 
the coil leads are attached. The inside 
turn goes to the coaxial frame and is. 
therefore. "ground." The inductance of 
the coil is approximately 2f milli - 
henrys. 

Cut about four feet of medium -size 
coaxial cable and solder a coax plug to 
each end, with the cable shielding at- 
tached to the frame of each plug. After 
screwing one end to the search pole 
receptacle, tape the cable to the pole in 
two or three places. 

Circuit & Construction 

Five transistors, type 2N188A, were 
used in the instrument. As alternatives. 
2N524's will operate without noticeable 
change in performance. It so happens 
that in the author's locator an extra 
transistor of the power variety (2N256) 
is also mounted. This was used initially 
as the variable or search oscillator in 
an effort to increase range by more 
power. However, the difference was 
quite small, due mainly to the fact that 
the efficiency of such a power transistor 
is extremely low at the 100 -kc. operat- 
ing frequency of this unit. 

Use sockets for the transistors to 
avoid heat damage from soldering. Cut 
two metal shields, with mounting 
flanges, to divide the box into three 
equal compartments. The center com- 
partment houses the two mixer tran- 
sistors, the audio output stage, and the 
100 -pa. meter. The oscillators are widely 
separated, one at each end of the box, 
to minimize locking or pulling. The one - 
inch speaker shares the compartment 
housing the fixed oscillator and its tank 
coil, while at the other end the search 
oscillator, whose only inductance is the 
search coil outside, is installed with its 
associated potentiometer for frequency 
compensation. The fixed oscillator coil 
used by the author was a 4 -mhy. low - 
loss r.f. choke on a ceramic former, 
taken from an old surplus transmitter. 
March, 1962 

However, this is not at all critical and 
a standard 5 -mhy. r.f. choke may be 
used by stripping off turns (usually 
about 10': of the total) until resonance 
is obtained with the capacitance values 
shown. 

Colpitts oscillators are used. thus 
achieving efficiency and stability with 
only two wires to the search coil. Fre- 
quency adjustment of the search oscil- 
lator is made with the 2000 -ohm po- 
tentiometer, rather than with a variable 
capacitor. Trimming of the fixed oscil- 
lator frequency is made initially with 
a screwdriver -adjusted 15 -90 ppf. ca- 
pacitor and rarely needs further adjust- 
ment. This trimmer can he eliminated 
if necessary, provided the 470 -ppf. fixed 
capacitor (C.) that is used with the 

For details on the construction of the 
search coil, shown here, refer to text. 

SEARCH 
COIL 

t100KC. 

J 

óu 

Fig. 1. Complete schematic 

tuned- circuit coil L:: is increased to 560 
ppf. 

The mixer and output stages should 
be wired first as a sub -assembly on a 
dielectric board. Bring in the two oscil- 
lator leads (to the two mixer tran- 
sistors) from opposite sides of the board 
and separate these transistors. If there 
is any appreciable length (over one 
inch) of input lead to each mixer inside 
the center compartment, the leads 
should be shielded. 

The use of two transistors for mixing 
was adopted after tests of "pulling" 
with only one transistor. The present 
arrangement is a modified doubler cir- 
cuit which with separately biased emit- 
ters would double two identical input 
frequencies. However, we modify this 
for mixing by a common -emitter load 
and retain the parallel collectors of this 
doubler. The modification helps some - 
what when holding the oscillators close 
to zero -beat. The output choke (a 25- 
mhy. Miller #757 unit) and its associ- 
ated capacitors are quite important in 
the bypassing of unwanted signal fre- 
quencies. 

Miniature holders of the strip type 
were used for the small flashlight cells 
and these were placed t in two sections 
of four each) in the search -oscillator 
compartment. The 0 -100 pa. meter is 
optional and this, together with its diode 
and 100,000 -ohm resistor, may be elim- 
inated if so desired. An Argonne AR -135 
output transformer, together with a f- 
inch speaker of the same brand, was 
used but any standard transformer type 
with a primary impedance of around 

of the transistorized beat -frequency metal locator. 

Re- - 21010 ohm pot. with .switch S, 
( "Freq. Adj.) 

R:, RI:- 2000 ohm., 1 a. res. 
R. -1000 ohm. I.j w. res. 
R,, R,, R 10,0110 ohm. ,= re. res. 
R R:. R. 100,000 ohm. IZ w. res. 
R., R 22.000 ohm. I re. res. 
R.-15,000 ohm, , z w. res. 
11 it-1200 ohm. != w. res. 
R,:- 2200 ohm, I', w. res. 
R,.- .600 ohm, , re. ICS. 
Rr.-- 100,000 ohm. )í w. res. (optional, 

see text) 
.17 - .001 al. disc ceramic capacitor 

C:. Cr .00.5 pf. disc ceramic capacitor 
C,- .0025 pf. disc ceramic capacitor 
C3 .0015 pf. disc ceramic capacitor 
C.- 30 0f.. lí v. clec. capacitor 
C:. G: -- SO i,f., 6 r. elec. capacitor 

C. -470 ppf. disc ceramic capacitor 
C,,, I5.40 ppf. trimmer rapadte, 
C,.. - -.05 pt. disc ceramic capacitor 
L,- 2.5 search roil (see text) 
L: -25 mhy. choke (J. W. Miller &+757 

or egnin.1 
L.. -J mhy. r.f. choke (modified S mhy. nail. 

See text, 
Mr 0.100 pa. meter (optional, see text) 
CR,- -LV/26.4 diode (optional, see text.) 
r,- -h opal trans. 1000.4000 ohm pri., 1.3 ohm 

sec. (Areonae AR -135 or equiv.) 
S. S.p..s.t..switch (on R., 
Spkr.- 1-inch speaker (see text) 
Bt -12 -v. battery (8 1.5 poll penlite cells, 

see text 
l'., l',, I'. -2N188.4 transistor (see 

text for alternate) 
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Here's what you want 
to know about 

INDUSTRIAL 
ELECTRONIC 
CONTROLS: 

- - all commonly used types; 
how they work; how applied; 

where and why! 
Here. just off press. is a practical guide to basic 
electronic nic controls written specifically for me- 
chanical and electrical engineers, technicians. 
sercicenren, etc. \mho find this sort of specialiml 
knowledge int rcasinglc important in their ,cork. 
It prim file, a Sound Icrstanding of control 
equipment and usage: scrces as a ready reference: 
answers sour questions: brings roll fully abreast 
of sure trl,l methods and trends throughout indits- 
try. 

A Quick Guide to Methods, Components, 
Equipment and Applications 

Starting with growth. 
background and trends of 
electronically-controlled au- 
tomation, BASIC INDUS- 
TRIAL ELECTRONIC 
CONTROLS progresses 
through clear, concise de- 
scriptions of control com- 
ponents, how they work and 
how applied. 

Includes details on commonly used types of 
Transducers, Indicators, Recorders, Controllers 
and Actuators. The section on synchros alone is 
worth the full price of the hook. A section on elec- 
tronic measuring of physical characteristics covers 
acceleration, altitude, color, density, dew -point 
measurement. displacement. flow, humidity. length, 
level, moisture content, pressure, speed, sound, 
viscosity and many more. 

Finally, you get examples of electronic control 
at work in such diverse applications as thickness 
gauging; flaw detection; cleaning, weighing end 
welding. Typical control systems as applied to 
paper making are described in detail to illustrate 
modern control processes in general. Here, you 
learn how electronic control is applied to flow 
measurement, water sterilization, bearing tempera- 
tures. pH measurements. paper edge ccetrol, 
moisture content, tension, basis weight and other 
factors involved in a fully automated system. 

Written by Jacob H. Ruiter, Jr. and R. Gordon 
Murphy. 320 pages, 290 illustrations. Price 88.50. 

10 DAY FREE TRIA'. 

4623900 
Dept. RN -32, Technical Division 
HOLT, RINEHART & WINSTON, INC. 
383 Madison Ave., New York 17, N.Y. 

Send new 320 -page BASIC INDUSTRIAL ELEC- 
TRONIC CONTROLS (= 709857) manual for 10 -day 
FREE examination. If I decide to keep book, I 

will then send you $8.50 in full payment Plus Post- 
age. If not, I will return book and owe no'hing. 
(SAVE! Send S8.50 with order and w^ ray pos "a, e. 
Same 10 -day return privilege with money refunded). 

Name_ 

Address 

City, Zone, State 

OUTSIDE U.S.A.-Price $9.00 cash with order. 10- 
"ay return privilege with money refunded. 

Above offer expires Dec. 15, 1562 
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1000 -4000 ohms and a secondary of 1 -3 
ohms may be substituted for the ones 
used by the author. 

Adjustment & Operation 

With the wiring completed and bat- 
teries installed, connect the search coil 
to the other coax receptacle, which 
should be on the search end of the box. 
Switch on and rotate the pot for an 
audio signal. which should go down to 
zero about the middle of the scale. Trim- 
ming of the fixed oscillator may be 
necessary. If there is no output, the 
oscillator frequencies may be too far 
apart and each one should be checked 
at around 100 kc. with an audio gen- 
erator and oscilloscope. The coils them- 
selves, the tuning capacitor, and the 
self- capacity of the coaxial cable are 
the items involved. A slight change in 
tuning capacitor value (the smaller 
capacitor of the two across each coil) 
will usually be sufficient. Tune the two 
oscillators to the same frequency, with 
the pot at center scale. The actual fre- 
quency may be anywhere in the range 
from 80 kc. to 110 kc. When tests are 
complete, seal up the search coil with 
plastic wood, apply waterproof stain. 
and fasten the box housing the circuits 
to the pole. 

Practice is required for successful 
operation, not only in holding the oscil- 
lator just off zero -beat but in maintain- 
ing a uniform distance between search 
coil and ground. With the search coil 
away from all known metal, but only 
a few inches above ground, tune for the 
lowest audible frequency, which will 
be a deep "growl." Move the search coil 
slowly and evenly across the ground. 
Metal is indicated by a change in the 
audible note, either up or down, de- 
pending on the ferrous or non -ferrous 
nature of the metal, and also upon which 
side of zero -beat the coil is tuned. The 
meter should also rise or fall with the 
variation, but this is not so readily de- 
tectable as the audible change heard 
from the speaker. 

The range of the instrument varies, 
of course, with the size of the metal 
objects but as an example, a nickel 
has been found in three feet of dry 
soil. A small piece of ferrous metal will 
increase the search coil inductance and 
decrease the frequency. It is therefore 
possible to calibrate for ferrous or non- 
ferrous metals by checking with known 
metals against a given setting of the 
frequency dial. 

While this circuit is fairly stable, re- 
finements could be added for increased 
stability. Batteries are much better in 
this respect than solar cells and insula- 
tion of the metal box will help protect 
the transistors from temperature ef- 
fects. Oscillator base resistors of the 
negative -coefficient variety would be a 
refinement as would the use of the 
more expensive transistors of the sili- 
ccn variety. 

By and large. however, the circuit as 
given provides a practical, inexpensive, 
and dependable little instrument that 
will be fun to have along on any camp- 
ing trip and prove a useful accessory 
on an "expedition." 

[aLU iA 6EMI 

P =RT- IMPORT EXTRAS! 
BC -640 VHF AM RADIO TRANSMITTER: 

100I511 Sir. 511 \\. output. L'....11 nt. 

TED' R TR M UNF AM ADIO ANSITTER: 1:, \\.5249.50 
,output. 225.1.11 ?Ir. ES.'elltIlt rnn,li Hwlt. 

5295.00 
TA -182 U TELEPHONE CONVERTER: \ew. 

Complete P U.R. 
BC -669 MARINE TRANSCEIVER: a" W. \ \I 

otl wt. Excel. . 5 89.50 
AN /GRC -26 RADIO SET 

hull,,,lu: l unit. tool .,nnip.n..nly .l t .,il:,l,le Write 
and tell us your needs. mien repIV 

AN /GSA -6 CHEST SET GROUP 
Latest model. Iir:onl to w. l'l'lee l'1 

ARC -34 UHF TRANSCEIVER 
EsCellent condition. I,1.rnunt .per SHBS.00 

COLLINS TCS RADIO SET 
1.5.12 Mc. 12. 24 or 110 V DC or AC 

power supply 
m new. 

availably. Iteeomlitiongd 
and Ilke n . Ittly to go: With 12 
V. POWER SUPPLY $150.00 

WITH POWER SUPPLY OTHER THAN 12 
VOLT . ... ...... $595.00 

Limited Supply. trite l,nlne,linitI)' 
BC -375 100 W. TRANSMITTER 

Ideal for domestic use. as well as export marine 
and mobile! Fowl: -I2.ano ke. ,ill proper 
bluing unit. l,\ or 5 W. Esrem.,l $14.95 
PE -73 DYNAMOTOR FOR ABOVE: Input "i V. nut - 
101 . 111111, \'. :Lon mils. \\' littering bast.. Like 

. 57.95 Egret. coml. $4.95 
TUNING UNITS: For BC -375 Each 51.95 f.Iaallaall0M - 111. -1a T.1713 MIKE: ll.,d t 
HS -33 HEADSET: This, Is the .,I,I reliul,l,: Nrte 5.50 

TEST EQUIPMENT SPECIALS 
BC.221 FREQUENCY METER: 11,5.21,000 

.l hr. F :.r,. ...............S 74.50 
TS -239 AP SYNCHROSCOPE: F: :c,I1.nl 99.50 
AN ARN -6 BENCH TEST MOCK UP: Itr:m,i 

,,.... 99.50 
TS- 403A /U UHF SIGNAL GENERATOR 

Military version 01 N.P. Model 616. Lab. 
checked :nn. l Cu.,em,tee,l. 1.scei I'lli $895.00 

1 

AN /USM -24 SYNCHROSCOPE 
Latest mu. radio and radar Cope. Sire. 

Waterman. I.ab checked ::n.l guar. Excel. 529500 
ID- 6 /APN -4 LORAN INDICATOR 

\ Enka,, Ideal lab .ogre will. .Ilgbl comm.-ion. Con- 
tain 28 popular tubes! I, Kr. :,I. ;8.95 n,b Irr. Ex'',.I. , ,1 I. ILd, .e.l 't., only 

ORDER 10 'FOR $75.00 
TUBES! ALL NEW & GUARANTEED! 

2C39WA 512.95 250TH 522.50 
4 -65A 9.95 100TH 9.95 
401504 9.95 8000 9.95 
402506 22.50 8290 4.95 
4 -4004 24.50 832A 3.95 
4.10004 75.00 6AS70 1.50 

WANTED! EQUIP. WANTED! 
We urgently need: al BC 610 Rtes.. 

bl TS-174íU Fn' Meter. r I RI-.:I.IH. 
I,I TIIIES. el tIt,. yttl'. l'Itt'. we I,uy lu ll,.! ,;.,. Ill tine ,,,limn,'. \\ at i,:,', roll:: 

COMMAND RECEIVER SPECIALS 
R.28 ARC -S 2 METER S. AIRCRAFT RECUR.: 
nn.. I:.0 lie. Rr:nat n,vw: n 522.50 
Q SER: .11.55 Me. F:scelleni rnnd...... 9.95 
1.5 -3 MC: Tills Itecvr Is brand nett' Only 19.95 
3.6 Me.: Es.,,1!tnt c m 1. F:wee:lent buy' 7.95 
6.9 MC.: Es,,Ilent c.'m,lltlnn. n:trk-:Iln; 7.95 

TIM 50 W, AM TRANSMITTER 
ÌIFR:I a 

MF:'F:IIS! Complete 
l mu.. 

1u!µ- (power -ttuoly 
n. d,1.,.n by 

H_9a. 115 V. 2:111 V. 00 el' No 
. hood,on.l. Sensational 

rout 

Govt. Recond. S. Crated $175.00 
COLLINS MBF TRANSCEIVER 

Freq.: 60 -80 MC. a W. amino. .\\r. Complete se f 
unit with .! ilker and l,ui It -In 11 V. l .I contained 

power .u1ply. Ea.tiy t fed to ;49.95 
I1. 111 or I1 meters. Excel. cond. 

en 

All n ders. 1011 1.o. Angeles. "5 ",a depo.il 
Ired. , \II Item. 1 p for sale. NOTE 

MINIMUM ORDER 53.00. WRITE TO DEPT. R. 

COLUMBIA ELECTRONICS 
4365 WEST PICO BLVD. LOS ANGELES 19, CALIF. 

ENGINEERING DEGREE IN 

SCIENCE 27or36MOS. 
MATH 

B.S. degree - 36 moss B.E. degree - 27 mos. 
Aecelerated year -round program prepares for early 
employment in fields of Science and Engineering. 
Regular 4 -year program for B.S. Degree completed 
in 36 months. special engineering degree program 
in 27. Classes start - March. June, July. September. 
1 . Quality education. Graduates employed 
from coast to coast. Government approved for vet- 
eran training. Students from 50 states. 40 countries. 
20 buildings: dorms. gym. Campus. Save time and 
money. Earn board while studying tl'rite for catalog 
and complete information. 

932 E. Washington Blvd., Fort Wayne 2, Indiana 

INDIANA TECHNICAL COLLEGE 

ELECTRONICS WORLD 
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U.S. ELECTRONIC EXPORTS 

RISE IN 1961 

Moe: categories included 
in 33% rise; phonos down. 

ACCORDING to figures compiled by 
the U. S. Department of Commerce 

and released by the Business and De- 
fense Services Administration, exports 
of electronic products from the United 
States increased by 33 per -cent during 
the first nine months of 1961 over a 
similar period in 1960. The 1961 nine - 
month exports totaled $437.4 million 
reflecting increased sales of electronic 
computers and test equipment to Japan 
and Western Europe and substantial 
gains in exports of electronic compo- 
nents. 

Shipments of crystal diodes and tran- 
sistors increased from $11.7 million to 
$14.8 million. France and Canada were 
the principal markets, their purchases 
approximating $3 million each. 

Exports of TV picture tubes went 
from $13.9 million to $15.3 million, Ar- 
gentina taking $4.9 million and West 
Germany $2.4 million. Receiving tube 
shipments increased from $10.2 million 
to $12.3 million. 

There were also appreciable increases 
in shipments of capacitors, trans- 
formers, resistors, and miscellaneous 
components and accessories. 

During January- September 1961, the 
Latin American Republics and Canada 
were the principal markets for U.S. 
exports of television receivers and chas- 
sis. Of the total exports of television 
receivers valued at $11.5 million, ex- 
ports to Venezuela amounted to $3.5 
million and to Canada $2.1 million. 
Shipments of television receiver chassis 
to all countries were valued at $8 mil- 
lion. those to Argentina amounting to 
$4.5 million. During the entire year of 
1960, exports of television chassis to- 
taled less than $4 million. 

Exports of phonograph records de- 
clined substantially -from $7.8 million 
in the first nine months of 1960 to $5.7 
million in the first nine months of 1961; 
exports of phonographs and parts also 
registered a decline - -from $15.4 million 
to $14.5 million. The leading market for 
coin -operated phonographs was West 
Germany, which accounted for $2.9 mil- 
lion of the U.S. total exports of $9.5 
million. 

U.S. electronic products are shipped 
throughout the free world. However. 
during the first six months of 1961. 
shipments to 10 countries accounted for 
73 per -cent ($147.8 million) of the total 
exports to all countries valued at $201.9 
million exclusive of "special category" 
items for which data on countries of 
destination are not available. 

These top ten markets were: Canada, 
$36.8 million; West Germany, $20.0 mil- 
lion; France, $14.7 million; Japan. $14.6 
million; Argentina, $14.4 million; 
United Kingdom, $11.0 million; Italy, 
$10.7 million; Venezuela, $9.8 million; 
Netherlands, $8.2 million; and Mexico. 
$7.6 million. 

March, 1962 

PUBLICATION 

OF ITS KIN I 

1L.43 -.1962 

Test Equipment Annual 
the most complete, 

authoritative guide ever 

published on the practical 
application of test equipment 

.n* 

UNIQUE 
BUSINESS SECTION 

Here's the money- saving in- 
formation you need to help 
you buy and use test equip- 
ment to best advantage: 

Prorating Your Equipment for 
Tax Deductions 
When Should You Buy New 
Equipment 
Kit or Factory- Wired -How 
to Decide 
He Owns a TV Shop -On 
Wheels! 

SPECIAL! TEST EQUIPMENT 
BUYER'S GUIDE 

Lists complete specifications for 
virtually every instrument avail- 
able through parts distributors- - 
especially planned to help you 
choose just the instruments you 
need in your work. Instruments are 
listed by category with informa- 
tive tips preceding each group. 

HERE'S YOUR TEST EQUIPMENT 
BUYING GUIDE IN ONE 
CONVENIENT VOLUME! 

16 -PAGE 
BOOK SECTION 

Gives you all the facts you 
need to take the guesswork 
out of using signal genera- 
tors- written by Bob 
Middleton, the dean of test 
equipment authorities. 

S 

132 Pages 
Over 100 Illustrations 

the most useful, prac- 
tical, time- saving in- 
formation on test 
equipment ever to 
appear in a single 
volume! 

FACT- PACKED FEATURES! 
So easy to understand- here's 
the help you need to increase 

your servicing know -how...here 
are the latest techniques developed 
by the experts for your benefit. 

Partial List of Contents: 
. How to Get More Mileage From Your 
VOM and VTVM How to Interpret 
Tube Tester Readings Using a Scope 
Effectively Circuit Analyzers Cut 
Troubleshooting Time Choosing Your 
Color TV Equipment . Making Two - 
Way Transmitter Measurements Us- 
ing Component Testers and Substi- 
tutors to Advantage The Versatility 
of Pulse Generators Using and Un- 
derstanding Probes Radiation Detec- 
tion and Measurements Transistor 
Testers -What They Do and How They 
Do lt. 

DON'T MISS THE 1962 TEST EQUIP- 
MENT ANNUAL -it's packed with lab - 
proved test equipment information and 
latest servicing techniques to make 
your work easier, more profitable: 

ORDER YOUR COPY TODAY 

Order from your local parts distributor, or 
mail to Howard W. Sams & Co., Inc. Dept. 5-CC2 
1720 E. 38th St., Indianapolis 6, Ind. 

Please send me copy(ies) of "Test Equip ment Annual" 
My (check) (money -order) for S enclosed. 

Name 

Address 

City 

YOU GET AL L THE FACTS! L. Zone State 
(outside U.S.A. priced dighrly higher) 

-r 

89 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


The proven efficiency of Shake. 
speare's space wound coil and 
air core - it's all molded into 
this shapely 4' CB whip of white 
fiberglass that looks and mounts 
like a handsome car radio an- 
tenna. (-Use for both purposes 
by adding your own antenna 
coupler.) Unit includes whip, ad- 
justable cowl mount and cable. 

STYLE 156 -1, 
with 54" cable - $10.50 

STYLE 156 -2, 
with 9' cable - $10.95 

THE SWITCH sau 
4 -ft. loaded whip 

with adjustable 
cowl mount 

for 27 MC Citizens 
Band 

-always rugged, 

construction 

you can bend it 

tip -to -butt! 

Write for 
FREE CB 
literature 

COLUMBIA PRODUCTS co. 
Subsidiary of Shakespeare Company 

Columbia. South Carolina 

engineering degree in 27 mos. 
Become in Electronics Engineer. College graduates 
enjoy higher income ... sure advancement. Major 
carpur.1ti,11s .¡sic us regularly ro interview and em- 
ploy n s i o s. B.1(1ELOR OF SCIENCE SCIENCE DEGREE 
1.\ - 

- 
tlrO \TEIS in Electrical (Electronics or 

Power major), Aeronautical. Chemical. Mechan- 
ical. Civil hngineering. IN 36 .tlO. \'TIIS a B.S. 
Degree in Business Administration. Small classes. 
Campus. New dorms. Lore costs. Enter June, Sept.. 
Jan., Mar. Founded 1884. 

Ii rile I. H. McCarthy /.,r Calaing and 
'+ij-Year Career in Engineering and Coln- 

-. merce' Bonk. 

11' 
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1632 College Avenue Angola, Ind. 

SERVICE 
I I%1 I LJ sr STIRIF 

ANOTHER pin goes into place on the 
figurative map maintained by li- 

censing advocates. It covers the dot 
identified as South Bend, Indiana. A 
local ordinance requiring TV service 
technicians and antenna installers to be 
licensed and controlled by a newly cre- 
ated Division of TV Inspection passed 
the city council by a vote of 7 to 2. The 
position of chief TV inspector has been 
set up to enforce the law and investi- 
gate all complaints. He must be a quali- 
fied technician with at least five years' 
experience. Two technicians appointed 
by the mayor will be on the examining 
board. which will also include three 
members appointed by the city council : 

an antenna installer, a retailer of TV 
sets, and a layman. 

A grandfather clause permits all per- 
sons of good character and habits who 
have been working in TV service in the 
city for at least one year prior to enact- 
ment to obtain licenses without exam- 
ination. Excluded from control are hams 
and set owners repairing their own 
equipment for their own use. Appren- 
tices not qualified for licenses, if they 
are registered, can perform work under 
the supervision of licensed technicians. 
Fines up to $500 are provided for viola- 
tions. 

"Failure" Pays Off 
Those elsewhere who have labored 

long and apparent ly without success for 
licensing may take encouragement from 
this development twice over. In one 
sense, any new legislation of this kind 
increases the probability of passing a 
law in any other place where it does not 
already exist. In another sense. the spe- 
cific circumstances of the South Bend 
move underscore an interesting moral. 
The local service group. ARTS of St. 
Joseph Valley. had striven vainly for a 
licensing bill in the past -scarcely an 
unusual experience. However. these 
"unsuccessful" efforts appear to have 
made an impact. A member of the South 
Bend council introduced the ordinance 
recently on his own initiative, taking 
ARTS members quite by surprise. (See 
this space last month. page 70.) Before 
there was much time for turning 
around, the ordinance had passed by the 
substantial majority noted earlier. 
Surely this could not have happened 
without previous "failure." 

The state -wide group. Indiana Elec- 
tronic Service Association. hopes that 
the local gain will serve as a wedge in 
its continuing drive for such legislation 
that will cover the entire state. 

Bouncing back for another license 

bout are interested service groups in 
New York State. Last years bill, which 
failed to pass, nevertheless made his- 
tory. It was the first of its kind in the 
state ever to have been reported out of 
committee. In addition, it was passed by 
the state senate. However, it couldn't 
get through the assembly. 

The bill's course did accomplish some- 
thing important, its advocates feel : it 
showed where the opposition lay. A 
pocket of resistance in the area of New 
York City became evident. Pro -license 
forces have been concentrating their ef- 
forts on the recalcitrant lawmakers. 
aiming for passage in the current ses- 
sion. Conferences with the latter legis- 
lators indicate that some of them may 
reconsider their stands. 

Advertising Supervision 
In common with many other places. 

the Los Angeles area has been plagued 
with "bait" advertising of TV service. 
Caught up in the problem. the "Los An- 
geles Times" has elected to submit all 
advertising pertaining to radio and TV 
service to the local Better Business Bu- 
reau for investigation of the firms in- 
volved and approval of copy. The Cali- 
fornia State Electronics Association has 
been working for this type of protection 
for some time. 

The move falls into a growing pattern 
that includes the handling of copy for 
"yellow pages" advertising in many 
places. The latter type, in fact. has been 
the subject of a legal test. A service out- 
let in Kansas City. Mo., sought to force 
the Southwestern Bell Telephone Co. to 
accept copy for the classified directory 
that included the word "free" or claims 
that "you pay nothing" if no tubes are 
needed. The right of the phone company 
to restrict copy was upheld. 

More on Industry Liaison 
Allen Roberts ITSA of Delaware Val- 

ley), as quoted in this space in our Jan- 
uary issue, page 70, had mixed feelings 
about the All Industry Conference or- 
ganized, in part. to iron out conflicts 
within the industry and also to provide 
a united voice for representing mutual 
interests. He endorsed the principle in- 
volved wholeheartedly but felt that it 
was unfair that all of independent serv- 
ice should be represented by NATESA 
alone. 

Additional information throws a 
somewhat different light on the matter. 
Independent service is being represented 
by four individuals, only one of whom 
(Frank J. Moch) has any connection 
with NATESA. Other principals are 

ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


from the east and the west, apparently 
to provide a broadly representative base. 
Adding more spokesmen for service 
would unfairly weight representation 
by that segment of the industry. 

Association Boosts Business 
Collective promotional efforts to aid 

its members on the part of a service 
group are not new. Advertising under 
the association name in the yellow 
pages. in newspapers, and on TV has 
been tried before, usually with good re- 
sults. TESA of Greater Kansas City, 
however, has come up with a new 
wrinkle. To recover income being lost 
due to the sag in tube sales by service 
shops and to cement customer rela- 
tionships in general, this group is spon- 
soring a drawing based on a give -away 
of over $2000 in TV, hi -fi, and transistor - 
radio sets, records, and other merchan- 
dise contributed by TESA members. 

Entries are being circulated by mail, 
by handbill distribution, and through 
service shops directly to customers. En- 
tries also carry messages concerning 
tube sales. customer service, and TESA 
aims, ethics, and membership lists. 

Supermarket Give -Aways 
TV retail and service outlets in In- 

dianapolis, Pittsburgh. and other metro- 
politan centers are up in arms over 
another type of give -away, which ap- 
pears to be a growing fad. Grocery 
chain stores are offering appliances, in- 
cluding TV sets and other electronic 
merchandise, as premiums. To get a 
"free" TV set, a housewife must keep 
and accumulate the register tapes or 
receipts issued by the food store until 
she has the total amount specified for 
the receiver or other premium she 
wishes. In a typical offer, she must buy 
$4732 worth of groceries for a TV set. 

Those who sell the sets in what used 
to be the normal way are understand- 
ably agitated. Concern by those who 
service only is also legitimate. Even 
though the customer is actually paying 
for the set in concealed food mark -ups 
(an ad by General Electric on this gim- 
mick points out that nobody, but no- 
body, can give anything away), the 
concept of the "free" set has unfor- 
tunate effects on the customer. Holy 
much would you be willing to pay for 
service on something you got for noth- 
ing? If the fad goes far enough, it 
might encourage the manufacture of 
cheapened sets, which further exacer- 
bates service problems. 

However, we feel that the register - 
check gimmick is likely to hurt the 
participating set maker more than re- 
tail and service people. After all, the 
scheme is not likely to have much more 
effect than premium plans based on 
stamps. It is simply a variation that 
cuts out the middle -man who sells the 
stamps. Considering the normal rate of 
food consumption, sets reaching the 
public through these plans can only be 
a small per -cent of those sold normally. 
But the set makers involved have al- 
ready begun to suffer because their 
regular dealers, incensed over the "be- 
trayal," are dropping these lines. 

March, 1962 

NEED 
THIS... 

SAYE UPTO 
50% ON 8-A 

SELECTED 
KITS 

TOP VALUES 
IN POWER 
AND HAND 

TOOLS 

HI-FI AND 
STEREO 

SYSTEMS Sr 
COMPONENTS 

PAGES 
OF BARGAINS 

NOT IN ANY 
OTHER CATALOG 

sun STEIN-AP PLESEE CO 

RUSH COUPON 

TODAY.! 

BURSTEIN- APPLEBEE CO. Dopt. EW 
1012 -14 McGee St., Kansas City 6, Mo. 

Rosh me New 1962 B -A Catalog No. 621 

NAME _. 

ADDRESS 

CITY STATE 

1 

1 

1 

1 

1 

NEW...TYMETER GRADINETIC 

DIGITAL CLOCKS 
FRONT PANEL MOUNT DESK OR BENCH USE 

DIGITS RESETTABLE INDIVIDUALLY 

COMPLETE LINE OF 
12 and 24 HOUR READ -OUT CLOCKS 

ELAPSED TIMERS TIME COMPUTERS 

COUNT DOWN TIMERS 

Write for Catalog on Complete 
Line Showing Specifications 

PENNWOOD NUMECHRON CO. 
ISTroNIc TIMING DIVISION 

7249 FRANKSTOWN AVE. PITTSBURGH 8, PA. FRemont 1 -4200 
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W90R98083 
"When does my subscription expire ?" 

This question is often asked of us by subscribers to Elec- 
tronics World. You can check the expiration date of your 
own subscription by reading the code line on the mailing 
label of Electronics World as follows: 

W= Electronics World 

90 =The month and year in which your subscription 
started -in this case, Sept., 1960. 

R980= (Filing instructions for our use only) 

83-The month and year in which your subscription 
will expire -in this case, Aug., 1963. 

FM 

2 -WAY 

MOBILE 

RADIOS 

Itt.t1 

SAMPLE OFFERING: ,_V or On\\' mobile 
niiae,nm General Klert e I I, 1h .. . 

Formerly 1 by N.J. Slate 1011,-, I,sJRt11 Telejhune, Can be 11 ..1 In frenlu lex wllhln :lu.'.'tl( I,ililI 
m',I^te with 

I 30W . S 98 ea. 4 mi.nna and crystals I SOW .. 5108 ea. 

.11.11 

Complete with 
. narrow fully ball,,1 .mu ,1 

odetm., ea, ,.. 
NA 

30W. . .5198 ea. 60W. . .5208 ea. 
FM 2-WAY RADIO MOBILE TRANSMITTERS 
GENERAL ELECTRIC! 
dV au\v JoSUMC S 1 5 

I 2 :vow III-s11Mt S 2 0 
J F:T11 I!\' 1{nw Ju.íuslC 525 

I.e.. .\rrr..orlex 
Prieto; are FOB our ware and all UU.uI ...Wert to prior tale. 
ALSO AVAILABLE: Many r,nlnulnued Ip'A. OF: 
and \lutnnlla unit:. in :tu-lo\II . I.,o.17I,s1( n,1 
tSp-.I7uMC hands. Guaranteed PI'mPt. efficient . 

Iourtenux xrrvlee. 

WANTED ... FOR CASH! 
Late model 2 -way radio equipment. 
State price, condition, quantity. 
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GREGORY 
ELECTRONICS 
CORPORATION 

GE 
110 -B Route 46 Saddle Brook, N.J. 

Phone PR 139 3-7550 
for wrur n. ,. catalog .,lo 

............. 

SCARLSON 64 WATT 
STEREO AMPLIFIER SALE 

REGULAR McGEE'S $109995 
$199.50 PRICE 

Shure. Special Carl I l'nn'hn., .a,Iel Neu.. F:IeIOrt 
earioneil 

OJ watt 132 watt., per channel) .S tereoHIFI 
\lulln Amplifier. .IOdel A.511 -8Hh. It'- all there It 111 

duality and value. Mate to sell at $200.00. McGee 
011en them 101 only $10/1.95. Metal Cover. 55-115 extra. work. with n' record charmer and tuner. l:xt 
n1111 any ,vl III -FI .peaker.. Only 500 to sell, tinier 

shipping weight. :12 11,., 
I tl,hnation offer: AS1140.0. 111 w amplifier Combination 

Garrard Type A.' Shure 
watt 

cartridge and 

fort'IIhellx 1 _ t'It w1Oe. range 12' .pe:Ikert all 
only 5285.40. 

SV,,o,l base for TYPe A. S4.95. LR53. 5 RPM spindle. 
\e 53.80. penl,l n: It FM -AM sell-powered tuner, 

$54.50 extra. 

4. . 4. 44 

SPECIFICATIONS 
The Stromberg- Carlson ASR -880 is 

n 
of the most 

pOwe/ul stereo amplifiers available at any price. 
Designed with the flexibility of a ording studio 
control panel, each channel has individual tone con- 
trols and prOfeSsiOnal mixer -type separate volume 
Ontrols which operate In Conjunction with the master 

gain control. Specially engineered output transformers 
utilize a 

s 
si grain -oriented steel cores for ME- 

eeptionally good low frequency power handling w 
minimum distortion. In rating the ASR -880 a leading 
test laboratory reponed A pleasant surprise came in 

cbmeasuring the power output of the ASR -880. Each nnel delivered SO watts at 2, harmonic disto,. 
lion. or 48 watts at 1, distortion. This is unusual 
in an amplifier rated at 32 watts per channel. Only 
0.6 or 0.7 millivolts at the phono inputs will drive 
the amplifier to 10 watts output per channel. At 

betnormal gain settings of the unit the hum level is 
ter than 70 db below 10 watts eve on phono 

nput. This is completely inaudible. The e ASR -880 
has Combination Of very high gain and very 
low hume The amplifier has a mber of special 
features such as enter channel output and a very 
effective channe v l -balancing system. as well as the 
u sual stereo lunetions 10und In all good amplifiers." 
Sensitivity: Tuner, 0.2V; Magnetic Phono, 2.5MV; 

Tuner Aux.. m egollmç 
Magnetic 

Input 
sono. 47K Ce hm: Ceramic 

Phono Tape. 2.2 m ohm. Output impedances 01 4, 
a and 16 ohms on both Channels and 8. 16 ohms 
across 4 ohm on taps o enter speaker. High imped- 
ance output for tape recorder. Tone Control range: 
Bass ISO psi plus or minus 17 de.: Treble 120kc1 

itched. Overall S Sloe, 13' s {s power ' High and 13h a 
one 

'. 
deep. Tubes: 4 -7355. 2 -7199. 4 -ECC -83.5. Gold finish 
metal Iront panel with gold color knobs. 
WRITE FOR McGEE'S 1962, 176 PAGE CATALOG 

McGEE RADIO CO. 
1901 McGee St., Kansas City 8, Missouri 

VOLTMETER 

FIELD - STRENGTH 

ADAPTER 
By JAMES E. FREDERICK, JR. 

Add a crystal diode to a 
service instrument to read 
output from mobile rigs. 

I -IERE are a number of articles coy- 
-I- the construction of field - 

strength meters for mobile transmitters 
but here is a method which has proven 
just as satisfactory as more elaborate 
meters yet requit-es only the addition 
of a crystal diode to any voltmeter or 
v.o.m. 

The diode is connected from the nega- 
tive terminal of the voltmeter at the 
test lead jack to the end of the positive 
test prod. The positive test lead serves 
as the r.f, pickup loop and the negative 
test lead serves as a counterpoise. 

An additional pin jack may be 
mounted in the meter in which case the 
diode is installed internally from the 
added jack to the negative lest -lead 
jack. The prod on the positive test lead 
is plugged into the additional jack for 
field- strength measurements- Polarity 
must be observed when installing the 
diode. The cathode connects to the addi- 
tional pin jack and the anode connects 
to the negative test -lead jack inside the 
meter. The diode may be any general - 
purpose type, such as a 1N34 or CK705. 
The sensitivity of the unit may be varied 
by switching to different d.c. ranges on 
the v.o.m. 

This system has been in use for a 
number of months for obtaining maxi- 
mum output from mobile communica- 
tions transmitters and has proven satis- 
factory. Useful readings can be obtained 
from a few feet to 50 feet or more. de- 
pending on the orientation of the pickup 
loop. 

POSITIVE LEAD USED AS PICKUP 
LOOP FOR R.F. (HELD IN CIRCLE FOR 
MAXIMUM PICKUP) 

I 

ADDED INSIDE METER 

ri COUNTERPOISE) 

ELECTRONICS WORLD 
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Britain's Radiotelescopes 
(Continued from page 41) 

long 1450 -foot array stretching away into 
the distance is highly impressive to the 
visitor, it was erected for a small fraction 
of the cost of a comparable parabolic re- 
flector. Since the small section has to be 
moved daily, it requires 25 clays to com- 
plete the observations on a single 4-de- 
gree strip of sky. Admittedly, the signal - 
to -noise ratio is ouch worse than if the 
full -sized equivalent array could be 
built, but this is not as important as it 
might seem for this application. The 
technique of aperture synthesis would 
not, of course, be suitable for space com- 
munications or satellite work which nor- 
mally call for a steerable radiotelescope. 
Also, for most accurate results, propaga- 
tion characteristics should not vary 
greatly throughout the cycle of observa- 
tions. 

To obtain full information on a single 
4- degree strip of sky, some quarter -mil- 
lion separate calculations have to be 
made. Fortunately, these can be done 
on Edsac II -the electronic computer at 
Cambridge University. The output from 
the radiometer -the term generally used 
to describe a receiver used in radio 
astronomy -is passed directly into a unit 
which produces digital numbers on a 
punched tape for the electronic computer. 

The resulting data from the computer 
enables the radio astronomers to plot the 
positions and intensities of all radio 
sources in the particular 4- degree strip 
of sky. The entire process is then re- 
peated on the next strip of sky. Eventu- 
ally the radio maps will cover the entire 
visible sky. 

Since his announcement on the results 
thus far achieved, Ryle has filed appli- 
cation to build an even larger and more 
accurate radiotelescope, costing a little 
over one- million dollars- almost twice 
that of the original cost of the entire 
observatory. At present, however, gov- 
ernment economics are holding up this 

work, but approval tnay be forthcoming. 

"Royal Radar" Radiolelescolle 
Another major radiotelescope observa- 

tory, Britain's third, began operation 
recently to facilitate radio and radar 
research in space and the upper atmos- 
phere. Located at the Royal Radar Es- 
tablishment -the government's official 
radar research center near \lalvern, Eng- 
land, the total cost of the installation is 
in the region of one -million dollars. 

The new observatory was opened to 
the technical press recently and the 
writer was able to inspect this modern 
installation too. 

It comprises two twin mobile steerable 
radiotelescopes with 82 -foot diameter 
parabolic reflectors capable of operating 
throughout the range of 30 -3000 mc. 

Latest low -noise techniques-includ- 
ing parametric and maser amplifiers - 
will be used in the radiometers. Each 
of the two mobile cabins is capable of 
housing two high -power radar transmit- 
ters as well as receiving and other appa- 
ratus. The entire structures are drivel] 
electrically along T- shaped rail tracks 
and leveled by means of hydraulic jacks. 
The base line between the two telescopes 
is thus continuously variable in direction 
and distance up to about 3000 feet. 

The two 250 -ton telescopes can be 
operated independently or combined to 
form an interferometer of high angular 
discrimination. By taking readings with 
the telescopes in different positions the 
technique of aperture synthesis can be 
used if needed. 

This installation will work on defense 
projects as well as being used for funda- 
mental research. Heading the team of 
scientists working on this project is Dr. 
J. S. Hey who has been called the "fa .r 

of British radio astronomy." He first I - 
came concerned with radio astronooi\ 
when working on measures to protect 
Britain during the V2 rocket attacks dur- 
ing World War II. 

There is little doubt that before long 
we shall know much more about how 
the universe began. 

Transistor Sales High Again in October 
A:C1)It1)ING to figures e piled by 

the 1 {Iectronic Industries Associa- 
tion. a total of 18.232,530 Ir:ursislors, 
worth $21,018,037, were sold at the far - 
lory during (Irtober, making IIr: h 
see I only lu Seplenrher in total units 

September sales (rit Ille year's record 
total of 19.386.202 transistors, valued 
at 527.220.218. Cumulative sides during 
the first IO months of 1961 stood at 
151.107.230, or just a shade tarder 52 
mill' units than were sold during 

period in 1960. A sold during 1961. the sa 

Factory Sales (units) 

October 1 8,232,530 
September 19,386,202 
August 17,130,732 
July 11,164, 262 
June 17,835,879 
May 15,065,055 
April 15,008,938 
March 15,129,273 
February 13,270,428 
January 
Total to 10/31/61 

_12,183,931 
154,407,230 

Total to 10/31/60 102,431,984 

March, 1962 

Factory Sales (dollars) 

$ 24,018,037 
27,220,248 
25,075,714 
17,426,101 
26,068,836 
25,033,132 
27,308,368 
29,815,291 
25,699,625 
22,955,167 

-$250,620,519 
$248,144,156 

YOU WON'T 
FIND THIS 

CONTROL 

ON ANY 

OTHER P.A. 

AMPLIFIER 

IN THIS 

PRICE 

CLASS 

What's different? The anti -feedback position - 
which equalizes frequencies most sensitive to 
generation of feedback "howl" without reduc- 
ing articulation. This increases sound output 
under difficult acoustical conditions by at 
least 100 %. And there's plenty more that 
makes the new Harman -Kardon COMMANDER 
Series of public address amplifiers different. 
Features usually reserved for much costlier 
equipment are included: 25 & 70 volt and re- 
corder outputs, fader /mixer and master vol- 
ume controls, magnetic cartridge input, lock- 
ing covers, etc. Find out why sound men now 
use the COMMANDER Series for all their needs. 
Write for detailed catalog. Commerical Sound 
Division, Harman -Kardon, Plainview, L.I., N.Y. 

Send free detailed catalogs: Desk 3E 

I City State 

Name 

Address 

harman k ard on 
93 
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OF THE WORLD'S FINEST 
ELECTRONIC GOV'T 
SURPLUS BARGAINS 

AC POWER SUPPLIES 

For SURPLUS EQUIPMENT 

SELENIUM RECTIFIER POWER SUPPLY 
-Operates from 110 Volt 60 cycle 
with an output of 28 VDC 8 Amp. 
Complete with Transformer, Sele- 
nium Rectifier, Capacitor, Switch. 
Line Fuse, Pilot Light, Output Ter- 
minals, Wiring Diagram, Punched 

Chassis, etc.: Size 7x13x2 ". STK :28VDC8A Wt.: 15 lbs. 
Prices: Kit of Parts: $14.00 Wired $18.95 

BC -923 RECEIVER POWER SUPPLY - 
Operates from 110 Volt 60 Cycle with an output of 275 
VOC 150 MA. & 12.6 VAC 4 Amps. Complete with Trans- 
former. Choke. Capacitor. Switch. Pilot Light, Line Fuse, 
SU4G Tube. Punched Chassis. Wiring Diagram. etc. Size: 
St zx91 2X a". STN -P5. 923 -Wt.: 15 Ihs. 
Prices: Kit of Parts: $16.00 Wired: $20.95 

R -77 /ARC -3 RECEIVER POWER SUPPLY 
Operates from 110 Volt 60 c c.e with an output of 210 
VDC 125 MA. & 24 VAC 2 Amp. Complete with Trans. 
former. Choke. Capacitor. Switch. Pilot Light, Line Fuse. 
SY3GT 

u 
Y3GT Tube, 

Pu ched hs as i. Airing 
Diagram. etc. Size: 

Wt.: 12 Ins. 
Prices: Kit of Parts: $15.00 Wired: $19.95 

POWER SUPPLIES available for other Surplus Equip- 
ment. such as DC 603. BC -683. APB. BC -191. etc. 

12 -24 V. CONVERTER 
PP -18 /AR VIBRATOR POWER SUPPLY 

12 VDC INPUT; 28 VDC OUTPUT @ 1.5 A 
Uses a nitrogen.fi Ned. hermetically sealed Vibrator. In. 

Ì u Uerence.sed by Na vy e& 
for 

to hoperatee 
inter. 

ARC -5& 
Comm. Receivers. Using 24 V. Dynamotors, from 12 V. 

Also used to operate any 24 V. device. Or units can be 
r d in parallel for higher output. Complete with e w 
ctiog nplu. spare vibrator, & moun ing. Wt.: 9 lbs. 

SSim': 6,z St., x 8t -2 
NEW: $7.95 Paw 

IF YOU HAVE NOT BEEN RECEIVING OUR FREE CATA. 
LOG. SEND FOR IT TODAY -WITHOUT DELAY! 

Address Dept. EW All Prices are F.O.B.. Lima. Ohio 
Minimum Order 55.00-25% Deposit on All C.O.D.'s 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 

YOU 
SAVE 
MONEY! 

RUSH US YOUR 
LIST OF HI -FI 
COMPONENTS 
FOR A SPECIAL 
QUOTATION 
WRITE FOR FREE 

AUDIO DISCOUNT 

CATALOG A -15 

New low prices on amplifiers, tun- 

ers, tape recorders, speakers, etc. 

KEY 
ELECTRONICS CO. 
120 LIBERTY STREET 
NEW YORK 6, N.Y. 
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HIGH -PRECISION 

SOUND -SPEED 

MEASUREMENTS 
New Navy -developed velocimeter 
provides highly accurate data. 

THE U. S. Naval Ordnance Labora- 
tory at White Oak, Maryland has 

made the first comprehensive high -pre- 
cision measurements of the speed of 
sound in sea water and compiled them 
into a standard reference guide useful 
for the study of underwater acoustics, 
thermodynamics, and oceanography. 
The tables take into account the effects 
of salinity, temperature, and pressure 
on sound velocity at all depths of over 
99.8 per -cent of the world's oceans. 

Recommended by the Navy's Hydro - 
graphic Office as containing the most 
comprehensive and accurate figures to 
date, NOL's sound velocity tables for 
sea water are already in use at a num- 
ber of U. S. Navy installations and in 
some foreign countries. They are ex- 
pected to eventually replace earlier 
tables which are either based on theo- 
retical computation and known to be in 
error by as much as ten feet per second, 
or do not take into consideration the 
effect of pressure on sound velocity in 
sea water. 

NOL performed its sound velocity 
measurements inside the laboratory 
with sea water collected from the Ber- 
muda -Key West area where the ocean 
is about the saltiest. This water was 
divided into eight samples which were 
diluted to varying degrees with distilled 
water to represent the entire range of 
sea water in all the oceans of the world. 
Pure distilled water was included in the 
samples to bring the total number 
tested to nine. 

The actual velocity measurements 
were made in an NOL- developed veloc- 
imeter which is a five -inch -long instru- 
mented test chamber designed to con- 
tain the water samples. A sending crys- 
tal on one end of this device generated 
a 5 -mc. pulse which was transmitted 
through each of the samples to a receiv- 
ing crystal on the opposite end of 
the velocimeter. The velocity of the 
pulse was determined by recording the 
length of time it took to traverse the 
known distance between the crystals. In 
this manner, a total of 747 measure- 
ments was made in the nine samples at 
15 temperatures representing the entire 
spectrum of the ocean's known temper- 
ature range. and at 8 pressures from the 
surface of the sea down to five miles. 

Verification of the precision of NOL's 
measured data and its final interpola- 
tion into a table of comprehensive fig- 
ures was accomplished on an electronic 
computer. The completed tables cover 
the speed of sound in sea water where 
salinity. temperature, and pressure vary 
individually and collectively. 

Where... 
can you get dozens of chal- 
lenging and intriguing do -it- 
yourself projects on: 

Citizens Band 
Stereo and Hi -Fi 
Electronics around the 
Home 
Electronics in the Work- 
shop 
Short Wave Listening and 
Ham Radio 

Here's 
where... 

IT.T ELECTRONIC 
EXPERIMENTER'S 

HANDBOOK 

NOW ON SALE 
Pick up your copy at your 
favorite newsstand or elec- 
tronic parts store. Costs 
only $1.00. 
Or send in this handy cou- 
pon and we'll forward your 
copy. 

Retail Sales Division 

Ziff -Davis Publishing Company 

One Park Avenue 

New York 16, New York 

Please send a copy of the 1962 ELECTRONIC 
EXPERIMENTER'S HANDBOOK. I enclose $1.00 
and lOÇ to cover mailing and handling charges. 
(Canada and Foreign $1.25 plus 14 postage.) 

NAME 

ADDRESS 

CITY ZONE STATE 

(add 3% sales tax if New York City resident) 

ELECTRONICS WORLD 
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INVITATION TO AUTHORS 

Just as a reminder, the Editors of ELECTRON- 

ICS WORLD are always interested in obtain- 

ing outstanding manuscripts, for publica- 

tion in this magazine, of interest to tech- 

nicians in industry, radio, and television. 

Articles covering design, servicing, main- 

tenance, and operation are especially 

welcome. Articles on Citizens Band, 

audio, hi -fi, and amateur radio are also 

needed. Such articles in manuscript 

form may be submitted for immediate de- 

cision or projected articles can be outlined 

in a letter in which case the writer will be 

advised promptly as to the suitability of 

the topic. We can also use short "filler" 

items outlining worthwhile shortcuts that 

have made your servicing chores easier. 

This magazine pays for articles on accept- 

ance. Send all manuscripts or your letters 

of suggestion to the Editor, ELECTRONICS 

WORLD, One Park Avenue, New York City 

16, New York. 

TWO CONTESTS SCHEDULED 
FMPIKE Scientific Corp. is sponsor - 

ing an exciting new contest whose 
first prize is a 21 -day Visit to the great 
music centers of Europe, August 10 
through September 2, 1962. 

The object of the contest is to arrange 
ten features of the Empire "Troubador" 
record playback system in order of im- 
portance. The order of respective im- 
portance has been determined by top - 
ranking music editors and critics who 
will act as judges for the contest. 

Details of the contest are available 
fr Empire dealers who also have the 
official entry forms. Entry envelopes 

t be postmarked no later than mid- 
night, June 15, 1962. Winners will be 
notified by email not later than 15 days 
after the close of the contest. If the win- 
ner has purchased one of the "Trouba- 
dor" systems prior to the close of the 
contest, an addit' I prize of $500 
"spending money" will be included. 

* s * 

BOGEN-PRESTO is sponsoring a 
"fish bowl" contest for its hi-fi 

and sound equipment dealers based on 
guessing the a bitted weight of two 
large fish and the models posing with 
the catch. 

Eligibility to enter a guess is based 
on sales of any Bogen product, which 
entitles the salesman to a "fishing per - 

't." Pe s are "graded" according 
to dollar value of the item sold. The 
contest will end Mav 1st with the winner 
being ed at the Parts Show in 
Chicago on May 21 -24. 

At stake is almost 85000 in cash prizes 
plus a $5000 advertising budget and the 
services of u Madison Ave. advertising 
agency. 

Ask By Name For 
GENUINE 

NOISE" - 
PRODUCTS 

your 
assurance of 
brand name 
quality 

FREE 
with each can of 

ELECTRONIC 
CHEMICAL products- 

5" PLASTIC 

EXTENDER 
Push Button 

Assembly For 
Pin Point 

Applications -ones 
Not Cause Shorts 

Electronic 
Chemical 

formula 
new 

EC -44 
Luricates. 
conditions. 

le 
electrical 

contacts. Eco- 
litnomical ... 

tle does lot! 
6 or. $350 c. 

ELECTRONIC CHEMICAL CORP. 
813 Commum paw Avenue Jersey Cy 4, N J 

Transmitting 
Tube 

Color Image Orthicon Camera 

Receiving Transistor Silicon 
Tube diode 

Color TV 
set 

Asrrf's ntOSl exhcricneed c lee lrical 
Rta/Ntfaclltr('r is 

FIRST AGAIN 
First with the ultra-accurate miniaturized 
TV color 10 gun ! First with the single 
head color television tape recorder t And 
now - first again with direct soldered 
silicon rectifiers ! First in electronics in 
the Eastern Hemisphere. Toshiba leads 
the industry it started. ! From the larg- 
est semiconductor plant in the world. 
Toshiba transistors find applications in 
thousand precision electronic products 
bearing the familiar Toshiba mark. 9 out 
of I O TV stations in the world's third 
TV nation operate with Toshiba equipment 
Four million electron tubes a month sup- 
ply 40% of Japan "s tube demand. At 
Asia's largest research facility. Toshiba 
scientists continue to develop new electro- 
nic products for the Space Age to come. 
Find out more about the complete line 
of Toshiba electronic products.Write today 
to Toshiba. Tokyo. 

6ìha QUALITY SINCE 1875 

TOKYO SHIBAURA ELECTRIC CO., LTD. 
Cable : TOSHIBA TOKYO 
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SURPLUS 
SILICON RECTIFIERS. All rectifiers listed at maxi- 
mum peak inverse voltage ratings; approxi- 
mate forward voltage drop, 1.5 volts. 

1N1446 .750 amp. 100 volts .60 
1 N1447 .750 amp. 200 volts .70 
1N1448 .750 amp. 300 volts .80 
1N1449 .750 amp. 400 volts .95 
1N1551 1 amp. 100 volts .80 
1N1552 1 amp. 200 volts .95 
1N1553 1 amp. 300 volts 1.10 
1N1450 5 amp. 100 volts 1.00 
I N1451 5 amp. 200 volts 1.25 
1N1452 5 amp. 300 volts 1.50 
1,11453 5 amp. 400 volts 2.00 
1N1454 25 amp. 100 volts 3.00 
1N1455 25 omp. 200 volts 3.50 
1N1456 25 amp. 300 volts 4.50 
1N1458 35 amp. 100 volts 3.50 
1N1459 35 amp. 200 volts 4.00 
1N0SP7 50 amp. 50 volts 6.00 
1N1462 50 amp. 100 volts 7.00 
1N1466 75 amp. 100 volts 10.00 
1N1467 75 amp. 200 volts 11.00 
I N1468 75 amp. 300 volts 12.50 
1 N05V7 150 amp. 50 volts 16.50 

1 N1474 150 amp. 100 volts 17.00 

X -BAND POWER LEVEL TEST SET, TS -36 /AP 

-_ ./-"! Drand nest in 

y original peel,. ,O 11g. 11 acces- 
sories. sones. AIcas- 

dbm. 8700 - 
s 

U 
cares 

10 to 30 

11300 mc. 

PRICE 
}' ¡A" $14.95 each 

r 

OIL CAPACITORS 
1 MFD. 25,000 V. DC Westing- 
house Interteen Type FP Style 
1313854. 

$39.95 each 
10 or more, $35.00 each. 

8 -Day Elapsed Time Surplus 
Aircraft Clock 

- t Here's all accurate time - 
'control center that'll help 
you win your next rally. 
It not only tells you the 

t f date and time of day right 
" to the second. Its a stop 

watch that gives you elapsed time in sec- 
onds. minutes and hours! The 24 -hour clock 
simplifies adding and subtracting elapsed 
time for your navigator. Manufactured by 
Elgin Watch Co. to military exacting speci- 
fications, it will remain accurate in spite 
of road bumps and vibrations. Uses no elec- 
trical connections. Does the job of high -cost 
equipment. Jewelled Sweep Second Hand/ 
Luminous Hands and numerals /24 -hr. Dial. 
Black face and plastic Case, 31s" mounting. 
Cost the Gov't $185. 

Postpaid $39.95 only . . 

TYPE AN /ARN -6 RADIO COMPASS 

1. Receiver R /1O1 /ARN -6. 
n 100 -1730 kc in four 
I' bands. Excellent condition. _._ -7' Price $49.50 

OI cL000ndipp tion 
AS313 -B. Excellent 

Prir» $27.50 
Indicator 1D91B.'ARN -6. 
Excellent condition. 

9.95 
Mounts MT -273 or MT- 

`- 274. Excellent condition. 
.Á Priee $9.95 each 

MANUAL II : u111 in'I:JIUi1V.7"':',Z.:=` ;`lln ti 

.0 diagrams l schem atics. 
Price $3.50 

NO C.O.D.'S. REMIT FULL AMOUNT WITH ORDER. 

C & H SALES CO. 
2176 E. Colorado St. Pasadena 8, Calif. 
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Product Test Report 
(Continued from, page 20) 

rately on output terminals of the instrument. Ex- 

ternal modulation may also be applied to the 
r.f. portion of the unit. 

The circuit consists of a 128H7A, a 6AR5, and 
a selenium rectifier. The first triode section of the 
12BH7A serves as ri. oscillator with six separate 
coils being switched in to provide the six fre- 
quency ranges. The output of this section is ap- 
plied to the second triode section of this tube, 
which serves as the output cathode- follower. A 

two -step voriable output attenuator allows a 

wide amplitude of output voltage to be applied 
to any receiver being checked. The 6AR5 is an 

audio oscillator whose output is applied to the 
cathode -follower for modulation as well as to a 

pair of output terminals through a variable -out- 
put control. A conventional transformer power 
supply, half -wave rectifier, and RC filtering sup- 
plies about 85 volts of "B-}" to the circuits. 

Our first test was o quick check of the audio 
output of the instrument. Loaded only by a scope, 
we measured 8 volts maximum output at a fre- 
quency of 3.50 cps. Although the waveform was 

not perfectly sinusoidal, it was certainly entirely 
suitable for signal injection in troubleshooting 
audio circuits. We then looked at the unmodu- 
lated r.f. output on the three lowest frequency 

ranges. Maximum signal amplitude was between 
1/2 volt and somewhat over 1 volt, depending 
on range and frequency setting. Although our 
scope's frequency response did not permit us to 
check amplitude and waveform on the higher 
ronges, there was still plenty of output available 
for any alignment job. Evidence of this was the 
loud signals that could be picked up on com- 
munications, FM, and TV receivers from the 
signal generator. The r.f. output on the lowest 
frequency range was not sinusoidal, but this is 

not at all unusual for service -type generators and 
will in no way impair its usefulness for alignment 
and troubleshooting. 

We then switched on the audio modulation 
and looked at the output signal with our scope. 
The negative half -cycles of audio were com- 
pletely cut off while the positive half -cycles 
caused the r.f. signal to vary between zero and 
maximum and back to zero again of the audio 
rate of 350 cps. This large degree of modulation 
made it easy to hear and measure the audio 
signal during an alignment procedure. 

Finally, we checked the frequency accuracy of 
the generator at several points on each of the 
six ranges. This was done by beating the output 
against broadcast, short -wave, and standard -fre- 
quency (WWV) signals of known and accurate 
frequencies. We found the calibration accuracy 
of all spot frequencies checked between +.3 
and -2 %, with most readings around the -1% 
value. These figures are certainly more than ade- 

Circuit diagram of the signal generator. Tube V, serves as the r.f. oscillator and 
cathode- follower output, while tube V, is the audio oscillator /modulator stage. 
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© O O 

If you've recently changed 

your address, or plan to in the 

near future, be sure to notify 

us at once. We'll make the 

necessary changes on your 

mailing plate, and see to it 

that your subscription con- 

tinues without interruption. 

Right now -print the infor- 

mation requested in the 

spaces below and mail it to: 

ELECTRONICS WORLD, 434 

So. Wabash Ave., Chicago 5, 

Illinois. 

Name Please PRINT! 

*Account No. 

Old Address 

City 

New Address 

City 

State 

Zone State 

Mail copies to new address 

starting with issue. 

*(Your Account Number ap- 

pears directly above your 

name on the mailing label.) 

quote to do a good service alignment job. 

As a purely personal preference, we would 

have liked to see trimmer adjustments on the six 

r.f. oscillator coils for future re- alignment of the 

generator should that ever prove necessary. But 

we must confess that after we have done such 

alignments on signal generators, we hove never 
had occasion to re -align them even after tube 
replacement, except where very precise fre- 
quency readings were wanted. 

All in all, the attractively styled and priced 
Lafayette TE -20 with its large, etched, circular 
tuning dial, is a useful addition to any service 

bench. E.W. 

S 
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TRANSISTOR TROUBLES 
IN 12 MINUTES! 

Trouble -shout e ere t ype 
of circuit in AI.Ltransis- 
torized equipment' 7.25 
pages: hundreds of illus 
trations: 120 cheek 
charts: $5.95 

RECORD CHANGER 
TROUBLES IN 5 MINUTES! 
Locate mechanical and 
electronics troubles fast. 
Covers all makes. :320 
piges: I :it photos: :is 
check charts: $3.95 

P 
TV TROUBLES 

IN 10 MINUTES! 
Find the ....vac-. sound or 
picture troub e in any 
TV set from 700 possi- 
bilities! :3110 pages: 300 
diagrams, che:-l. charts! 
$4.95 

R E G O T I S 

E up A P H W I T T Y 

T I S A U D I O R L 

E N S U S A S E R V E 

L 0 GAR ITHiM I C 

11TH ANNUAL SSB DINNER 
THE Still . \ntateur Radio Association 

will .l .or its eleventh .\nnual Still 
1) r and Manifest on Tuesday, March 
27 at the Hotel Stailer- Hilton in New 
York (:it,. All harts and their friends are 
invited. Equipment displays open at 10 
a.m. :und dinner starts at 7:30 p.m., 
hosted by Bill Leonard. Tickets are S10 
vault in advance or SI1 at the door. 

Cheeks for reserve s sl Id be sent 
to SSI1 Vt \, care of Stan Rosenberg, 
N\'A2CFY, 1385 Rich unond Court, East 
Meadow., New York. A 

5 /Sgt. Harry W. Upton, a technician with 
less than three years military duty, is in 
charge of internal guidance repair for the 
Army's Lacrosse missile system at White 
Sands Missile Range, N.M. A graduate of 
the electronics school at Redstone Arsenal, 
the 26- year -old soldier expects to make 
the Army his career. His job ranges from 
writing technical reports to providing en- 
gineering support and countdown opera- 
tions for the solid -propellant Lacrosse. 

COLOR TV TROUBLES 
IN 15 MINUTES! 

Covers every type of color 
'l'y and picture tithe! 730 
pages: :362 check charts, 
diagrams. picture pat- 
terns! $5.95 

Simple Check Chart System Saves Time 

These amazing practical handbooks with an 

ENTIRELY N ME'T'HOD, show you 

how to find the trouble in ANY tv. record 

changer or transistor circuit FAST ! Index 
tells cou where to look ; fanuws Check_ 

Charts help you pinpoint the exact trouble 
in minutes! These on -the -job books quickly 
pay for themselves in profitable new busi- 
ness and valuable time saved: 

SEND NO MONEY! 
Just mad coupon for 7 DAY 
FREE TRIAL: If you keep all 
4 hooks, pay only $3.00 per 

ismonth until $19.95 plus postage 
paid. Cash price for Set only 

$17.95. Or return hooks and pay 
nothing. Either way, FREE 
BOOK IS YOURS. 

VALUABLE 
FREI SIFT! 
Send for FREE TRIAL 
OFFER of all 4 Pin - Point books sedget 
FREEbook. "9i11er 
Profits In TV" Cho. 
then Yeukpeteries. 
or not 

FREE TRIAL OFFER...Mail Coupon Now! 

Educational Book Publishing Div. 
COYNE ELECTRICAL SCHOOL, Dept. 32 -EW 

1455 W. Congress Pkwy., Chicago 7, III. 

FREE TRIAL per offer. l For individual books. 
check below. 
't'l' ís.).11:, plu. postage. 
RE('OItO CHANGER i $3.05 plus postage) ] ('OLOR 7'V 1 $5.95 plus postage 1 

,7 TRANSISTORS 153.93 plus postage) 

Name Age 

Address 

City Zone...State. 
$17.93 Cash Price enclosed for 4 books. 
Send 4 books C.O.D. for $17.95 plus M.O. 
fee. COYNE PAYS POSTAGE ON ALL CASII 
& C.O.D. ORDERS. 7 -Day money -back 
guarantee on Cash or C.O.D. orders. 
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Within the 
Lill 

S. GEORGE LAWSON has been named vice - 
neral manager of the 

semiconductor divi- 
sion of Sylvania 
Electric Products 
Inc.. succeeding Dr. 
William J. Pietenpul 
who has joined IBM 
as manager of com- 
ponent develop- 
ment. 

Mr. Lawson is lo- 
cated at headquarters of the division at 
Woburn. Mass. and will report to Frank 
J. Healy. He graduated from MIT in 
1930 and has been a member of the 
organization since 1933. He has served 
in a number of manufacturing and en- 
gineering positions with the firm. 

DR. ELMER W. ENGSTROM has been elected 
president of Radio Corporal ion of Amer- 
ica succeeding JOHN L. BURNS who re- 
signed . . . ERNEST SEARING, retired 
president and board chairman of Inter- 
national Resistance Co.. died recently at 
the age of 84 ... RUAL COGSWELL, JR. has 
been named general operations mana- 
ger of Estee Electronics. Inc. He %vas 
formerly associated with Magnavox Co. 

DOUGLAS R. MAURE, chief engineer 
for Tclenletries. Inc.. has been named 
vice -president of the Los Angeles firm 
. . . Vitro Engineering Company has 
appointed STANLEY K. HELLMAN to the 
post of chief nuclear engineer ... HAR- 
VEY GOLD has been named vice- presi- 
dent of Sun Radio & Electronics Co. 
and been given responsibility for inter - 
departmental coordination. He has been 
with the firm's industrial department 
for 12 years . . . BERNARD A. COLER has 
been appointed microwave products 
manager of Ei11Hlr :s marketing division 
... WILFRED L. GORRELL is the new mana- 
ger of plant operations and manufac- 
turing for the General Electric cathode - 
ray tube department . . . JAMES Mc- 
LAUGHLIN has been elected vice- presi- 
dent in charge of marketing at Wrbcor. 
Inc. 

DR. JOSEPH A. BOYD has joined Racliation 
Incorporated as vice- president and as- 

sistant to the presi- 
dent of the Mel- 
bourne. Florida 
firm. He left his post 
as director of the 
Institute of Science 
and Technology at 
the University of 
Michigan to assume 
his new position. 

He has also served as consultant for 
the Institute for Defense Analysis since 
1956, consultant for the National Se- 
curity Agency since 1957, special con- 
sultant to the Army Combat Surveil- 
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lance Agency since 19:)s. and member 
and later chairman of the Advisory 
Group on Electronic Warfare. Office of 
the Director of Defense Research and 
Engineering since 1959. 

AUDIO DEVICES, INC, has added a new 
research and engineering building and 
a pilot plant to its manufacturing facili- 
ties in Stamford, Conn.... FILTORS, INC. 
has broken ground for a new "factory 
of the future" in Huntington, Long 
Island. The automated plant is ex- 
pected to be ready for occupancy this 
fall . COLLINS RADIO COMPANY will 
double the size of its present facility 
in Santa Ana. California upon comple- 
tion of a 50.000- square -foot addition to 
its Components Division plant ... DU- 
RANT MANUFACTURING COMPANY, indus- 
trial counting and measuring instru- 
ment maker. has moved into a new and 
larger plant in Watertown, Wisconsin 
... MINNEAPOLIS -HONEYWELL REGULATOR 
COMPANY has purchased the 146.000 - 
square -foot THOMPSON-RAMO-WOOL- 
DRIDGE plant in Denver. Colorado. The 
new building will be used as manufac- 
turing headquarters for the combined 
operations of two divisions. the HEILAND 
DIVISION and the INDUSTRIAL SYSTEMS 
DIVISION of the company ... SHAFFSTALL 
EQUIPMENT, INC. is now occupying its all - 
new factory building at 5149 East 65th 
Street. Indianapolis, Ind....Conslrue- 
tion has begun on a new laboratory 
wing for the ASTRO- ELECTRONICS DIVI- 
SION of RADIO CORPORATION OF AMERICA 
in Princeton, N.J. 

JOHN J. IFFLAND has been elected presi- 
dent of Arlon Laboratories. Inc.. a sub- 

sidiary of Bolrinnr 
Instrument Corpo- 
ration. 

He comes to his 
new post from Ray- 
theon Company 
where he was re- 
sponsible for the 
systems and design 
engineering of vari- 

ous missile system radars. Before that 
he was manager of the electronics sec- 
tion of ITT Laboratories at Fort Wayne. 
Ind. and had served on the research 
staffs at Harvard. Penn State, and Uni- 
versity of Michigan. 

RESEARCH -COTTRELL, INC. has formed an 
electronics division which will market 
the firm's custom designed high -voltage 
equipment to the electronics industry. 
including power supplies, transformers, 
control systems, and other special elec- 
tronic equipment ... A completely new 
communications department has been 
established at the ALLEN B. DuMONT LAB- 
ORATORIES to coordinate and integrate 

the marketing and systems installations 
of the firm's two -way mobile radio and 
industrial TV departments . GEN- 
ERAL MECHATRONIC CORP. has been es- 
tablished in Farmingdale, Long Island 
for the design, development. and con- 
struction of specialized machinery in- 
cluding marking devices. electronic 
heat -sealing equipment. and automatic 
capacitor crimping machines . .. HUGH 
H. EBY COMPANY of Philadelphia has 
been acquired by R.E.D.M. CORPORATION, 
Singac, New Jersey elect runic manu- 
facturer . . . THE HALLICRAFTERS CO. has 
joined forces \\ ll!i COMPAGNIE GENERALE 
DE TELEGRAPHIE SANS FIL I I',is to 
WARNECKE ELECTRON TUBES, INC. xvIIicll 
will be based in Chicago .. R.C.L. 

form 

ELEC- 
TRONICS, INC., Riverside, N.J. bas been 
purchased by two former executives 
of THE DAVEN COMPANY. It will produce 
a line of precision wirewound and power 
resistors . . . INTERNATIONAL TELEPHONE 
AND TELEGRAPH CORPORATION has an- 
nounced the establishment of the ITT 
INDUSTRIAL LABORATORIES DIVISION wit 
headquarters in Fort Wayne. Ind. The 
new organization will be responsible for 
facilitating the technical development 
of the firm's industrial product lines. 

HOLMES D. McLENDON, JR. has been 
named marketing manager for the com- 

mercial microwave 
department of Mo- 
torola Inc. He will 
have total responsi- 
bility for the mar- 
keting and sale of 
point -to -point radio 
conlnlunicatiti ns 
equipment. systems. 
and services to gov- 

ernmental. utility railroad. industrial. 
and business organizations. He also 
serves as chairman of the Microwave 
Section of the EIA. 

He joined the firm in mid -1960 after 
serving ITT as manager of industrial 
products marketing. He has also been 
associated with Borg Warner and RCA. 

DONALD G. POWER, chairman and chief 
executive officer Of General Telephone 
& Electronics Corp.. was one of twelve 
executives who received "1961 Ameri- 
can Success Story Awards" presented 
by the Free Enterprise Awards Asso- 
ciation. The 10th Annual Awards were 
presented at the Savoy Hilton Hotel in 
New York City ... PETER WISH has been 
named sales manager for Peroton Cor- 
poration . JOHN M. MALONE is the 
new general sales manager of Tung -Sol 
Electric Inc. He has been with the firm 
since 1954 ... Midwestern Instruments. 
lar, has appointed BRUCE M. BROWN to 
the newly created post of manager. 
product planning . MILTON HALPERN 
has been promoted to chief engineer. 
special projects, of Instruments for In- 
dustry. Inc. He was formerly associated 
with Kol.sman and Sperry . DR. I. 
MILTON LeBARON has accepted a post 
with Texas Instruments Incorporated's 
research staff in Dallas . . B. CLETUS 
KIRCHNER has joined the thyratron and 
rectifier division of National Electron- 
ics, Inc. as production manager. He was 
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NEW! TRANSISTOR 
DIP -METER 

Portable 
Battery- Powered 
Replaces Grid - 

Dip Meter 
PEL - ELECTRONICS 
introduces Dip -Meter - 
self powered, transistor- 
ized, compact- with over- 
sized dial calibrations! 
Five overlapping bands - 
3.1 mc to 180 mc. Coils 
use reliable banana 
P lugs. Kit easy to as- 
semble. 
Model -DM 201 25.90 l K Dip Meter Kit.. 
Model -DM 201 31.90 Wired 8 Tested.... - , 
Attention! Presenting another exclusive product - 
the model SG 101 -Signal Generator. Transistor- 
ized, self powered, portable! 6 overlapping bands 
cover 170 kc -120 mc on fundamentals; internal 
modulation. 
Model SG 101 Model SG 
K- Signal 21,50 101 -Wired 39.50 
Generator Kit & Tested 
Order direct 

(c 
prepaid if 

tance included 
sent moeorder) 

PEL -ELECTRONICS 
Box 555, Ridgewood, N.J. 

NEVER FAIL - 
ZONE YOUR MAIL 

The Post Office has divided 106 

cities into postal delivery zones to 

speed mail delivery. Be sure to in- 

clude zone number when writing to 

these cities; be sure to include your 

zone number in your return address 

-after the city, before the state. 

ELECTRONICS 
DEGREE IN 27 MONTHS 
Enjoy higher income ... advance- 
ment. Major corporations yearly in- 
terview and employ our seniors. B.S. 
IN 27 MONTHS in Engineering. B.S. 
IN 36 MONTHS in Business Admin- 
istration. Low costs. Enter quarterly. 
Write J. H. McCarthy for Catalog 
and Career Book. 

TRI -STATE COLLEGE 
7632A College Avenue Angola, Indiana 

Detect Police Radar Traps Before 
They Detect You Plant 

sw 
°caaUnits sí9 ss 

RADAR KING 
Both S and X Band Oper- 
ation Kits ar o wired units Extra antennas tennas 
snipped with S band an- 94.50edth an- 
tennas unless otherwise 
C ost'lof plans refunded with purchase of kit or wired 
unit. 

WARDELL SMITH. ELECTRONIC DESIGNS 
65 Glenwood Road 

rat. rending Upper Montclair- New Jemmy est. 1924 

TAPE RECORDERS 

.f 

March, 1962 

HI -Fl COMPONENTS 
SLEEP LEARN KITS 

UNUSUAL VALUES MERITAPE. LOw Cot. 
FREE 1962 high quality record- 

Catalog Mg tape, in boxes or 
DRESSNER 

1523RA Jericho Tpke New Hyde Park. N.Y. 

formerly associated with RCA, Elec- 
tronic, Inc., and Cetron... HAROLD H. 
RAINIER, distributor sales manager for 
Sylvania Electric Products Inc. since 
1946, has retired after 35 years in the 
industry. A testimonial dinner was ten- 
dered him at the Summit Hotel by ap- 
proximately 200 members of the elec- 
tronics industry. 

P 

JAMES F. RILEY has been named sales 
manager of Corning Electronic Compo- 

nents. a department 
of Corning Class 
Works. He had been 
field sales manager 
since November 
1959. He succeeds C. 
C. Harwood who has 
been named mana- 
ger of the Labora- 
tory Glassware 

Department of the company. 
Under Mr. Riley's management will 

he factory and distributor sales of elec- 
tronic components, capacitor market 
development, reliability and military 
liaison programs, and advertising and 
sales promotion. 

He has been with the firm since grad- 
uating from Lehigh in 1957.. 

ANNUAL DINNER & HAUFEST 

TlIE EAST Coast V.H.F. Society, Inc. 
will entertain members and their 

friends at its Fourth Annual Dinner and 
Ilanifest which will be held Saturday, 
February 2 1t at the Swiss Chalet, lo- 
cated at Ramsey Circle, Route 17, Ram- 
sey, \.J., starting at 7:00 p.m. sharp. 

A diversified and entertaining pro- 
gram has been planned by the l 't- 
tee. In addition to the install. f new 
ollicers, there will be a presentation of 
awards, speakers of , novel entertain- 
ment, prizes, etc., all topped tiff with 
It good dinner a 1 picturesque sur- 
roundings. 

There are ample parking facilities at 
the Chalet, :Jong with I ace ontnsoda- 
t' s for -of-town visitors. 

If last ,-car's attendance is any crite- 
rion, over 100 persons will be on hand 
for this annual event. 

Any information required on this 
cs cut ran be obtained l'runt Jack T p- 
I.iu -, K2HHS, secretary' of the Fast Coast 
V.H.F. Society, Inc., at 135 Herbert Ter- 
race, Saddle Brook, New Jersey, or any 
other member of the sponsoring club- A 

Tom Lamb, K8ERV, suggests that an old phono 
turntable can be turned into a handy rotary 
parts bin by adding cardboard, metal, or 
Masonite dividers as shown in the photo. A 
number of these could be stocked, if desired. 

GET IT from GOODHEART! 
NEW LOW PRICE: $14.95 BUYS 

2 -METER RECEIVER & 2/6/10 METER XMTR 

SCR -522 rcvr. xmtr, rack 8 
cond. 19 tubes 

include ä32s. 100 -156 mc 
AM. Satisfaction grid. Sold 
at less than the tube cost in 

Shpg wt 75 lbs. 
B Bremerton. $14.95 Wash. ,tly 

Add $3.00 for Complete 
technical data group includ- 
ing Original schematics 6 

las, instruct. f ` or tAC per 
tuning 10 

for 
xmtr° 2 -meter 

use. and for putting xmtr on 6 and 10 meters. 

COMMUNICATIONS RECEIVER BARGAINS 
BC453B: 190.550 kC 6.tUbe superhet w185 kt IFs. 
ideal long -wave rCvr tunable IF a, as 2nd 
vert. for for veers. Wtml data. Checked. $12.95 geld OK. fob Los An`, ...... . 

s.lme, handsome abinet'w' per sply. $37.50 spkr. etc.. ready to use. is our QX535. . 

RBS: Navys pride 2 -20 me 14 -tube uperhet has 
voice filter for low noise. ear-saving AGO. high 
se s. & select. IF is 1255 he. Checked, aligned. 
fol, Charlleston. 

tech 
Los Angeles 

tu use. $e950 

R -45 ARR -7 brand new. 12 -tube superhet ,.55 -43 mc 
in 6 bands. S- meter. 455 ke IFs. tl filter. 6 s 1. 

=anTlons. etc. Hot and omplete. N Can be de tili 

ts; by double- converting Into 
automatic 
tue BC -453 Qg- 

535. Pwr spiv includes OC for the $1 °]`9.50 tuning motor. FOB San Antonio 
AN APR4 rcyr is the 11 -tube 30 mc iF etc. for its 
plug-in tuning units; has 5-meter. 60 y per spiv. 

ideal to llmil 30 
audio 

the R-45 ARR7 n output 

CheCked and aligned. Ion Los Angeles ..$69.50 
Plug-in tuning units for above nvert OF to 30 Inc: 
TN -16. 38 -94 $30.00. TN -17. 74 -320 . 

$30.00. TN -18. 3OÓ.1000 mC. 535.00. TN -19. 975 - 
2200 mc. 
Power Plug 

$59.50. 
reset.: 

- 
00. TeCh.OHandbook 1$7.50. 

NAVY'S MULTIPLE -USE IMPEDANCE BRIDGE 
.60007 AC bridge meas- 
ures 10 pf to 100 es 
Yl 'IytiC leakage O to 1. 
2.5. 8 5 ma, 

' 
n t. ist. 

to 2500 megs. PF to 50 :. 
ttrmsr turns ratio do 001 

meg. 

1000. Built -in 115V. 50160 
Cy per spit, adjust. polar- 
Ming de 0 to 550 v. AC- 
Curacy gild 5 Y. Or better. 
Each is gone thru by shop: 
resistors replaced as needed 

1with I% types. etc.. & grtd 00: OH. WIvery educa- 
tional instruct. book. Shpg wt 21 lbs SO $31.50 
Shipped only by RailEx lob Los Angeles.. 

FREQUENCY -METER BARGAINS 
First 3 below rated .005% but use 1 minor crystal 
Check points ore nearly approach .0C2 ^,. thru -out. 
TS -173 w AC supply. 90 -450 me $150.00 

m 
pw5 s 

FM. 2. mc $250.00 
T1sch FM1B. .00 mc 5295.00 
TS-18613..01% 0mc ¡° xtl. 

micrometers 
10 kmc. 5 $79.50 

AN 8.990 me 2 me, $79.50 
TS -486A UP. 8.99.9.61 kmC S t2 mc $79.50 

TUNING -FORK FREQUENCY STANDARDS 
400 cy 2 .001 ¡. AM. Time Prod. .2001 -2. 

fork S9.95 
Complete module. ve " module, Instructions $29.95 
Same in case pwr spivr AF amplifier $69.50 
10.000 cy 2 .001%. . 2001.2H w multiplier $69.50 
1000 cy 2 .02%. -2003 plus 4 Walkirt 

binary Count -downs to 500. 250. 125 621g 
Cy. tubes . 

349.50 
Varo 622B. 400 cy 2 0.1%. w tube. instruct 517.50 

Phiiamon 500 CY 2 .05 '.r w tubes, instruct .$19.95 

SCINTILLATOR & GEIGER COUNTER 
Famous -Name overstock. new. w instruct.. Checked 
and grtd. The Geiger Counter. regularly $49.50 $159.95. .2 to 20 mr hr. metered. on y.. 
Scintillalor. 1" sq. od.. iodide, regular b99.50 
$349.95. .02 -20 mr 'hr. metered, only 

0.1% SORENSEN Line Voltage Regulator 
_50009 regul. against 
load changer 0.5 kva S 
line changes 95 -130 v 

- t 1 ph 50 60 cy; adj. out- 
put 110.120 V. holds o 

3-:.'- Recovery 
than 

y 
less 

Regularly 5695.00 less 
spares. New. pares . 

orig. pack. 265 ;349.50 
s. lo UUCa 

.10002b 5 is same except - 

I kva. 190 -260 v 
-r run 

to 

fob OLosuAngcles 
$119.50 

SOLA BARGAINS: All ' 

standard harm.. 1 ph. ' 

1 regulation. 2 kva. 
grtd 100-, OK. 95 -125 
v. 60 cy in ro 115 v out 0 -17.4 A, lob Wash. al 
Sunol. Calif. Shpg wt. 250 lbs. $79.550 
Only 
With taps for SO 60 cy. & dual primary. $89.50 95 -125 or 190 -250 v fob Harrisburg 
Convert above for 230 v -21% output. with new 
Westinghouse totranslormer. S Med. 

only 
$45.00 

230 v 50 60 cr... lob Los Angeles. Add only - . 
Y 

TS -34, TS -34A PORTABLE TEST SCOPES 
Exc. cond.. gild 100% ON. w carry case 8 16 -page 
Instruct. See sine w s 30 cy -1 me Int. sweeps 
10- 50.000 cy plus triggered Sweeps 5. SO. 250 Y 

e for automatic 1:1 pulse viewing. 11 Cy-31, mc S 1 6 
db. 2AP1 plus lens gives equiv. 5" plc. Calibrated 
attenuators so accurate e video system as VTVM 
or as very -wide -band AC amplifier. Shop wt 40 lbs. 
fob 
100 my 

Newark 
to X100 Sollttsapeak 

to use for Inputs $39.50 
With HV- Divider probe to 450 V peak $47.00 
W HV. coax. e ,Greetto -2API Cords $49.50 

MISC. BARGAINS: Wohbulator. synCd scope, TS- 
452A. 5 -100 me 5275. Sig. Gen. 71g-330 mc TS -301 
$180. Meas. .84. 300 -1000 mc $250. Brush dual 
De ampl. RD- 5621 -01 $17S. Dual Recorder RD -2321. 
00 $250. ETC.! ETC.! Also Ckt diagrams, handbooks. 
on surplus electronics. WRITE FOR YOUR NEEDS! 

R. E. GOODHEART CO. 
P. 0. Bog 1220 -A Beverly Hills, Calif. 
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RCA Announces 

2 NEW 
HOME TRAINING 
COURSES to Help You 

Build a Career 
in Electronics! 

RCA Institutes has created two 

new home training courses de- 

signed to give you the very latest, 

up -to- the -minute training in the 

fastest- growing areas of this im- 

portant field. With the addition of 

these courses, RCA Institutes now 

offers you the widest selection in 

its 53 -year history! 

Founded in 1909, RCA Institutes 

is one of the largest technical 
schools in the United States de- 

voted exclusively to electronics. A 

service of the Radio Corporation 
of America, RCA Institutes offers 

the finest facilities for technical 
instruction, especially designed to 

fit your needs. The very name 

"RCA" means dependability, in- 

tegrity and scientific advance. 

Computer Programming 
You learn the fundamentals of business computer 
programming -for electronic data processing - 
one of the fastest growing opportunities in the 
business world today. 

No Previous Technical 
Experience Necessary! 

100 

CollllllUlllcatloll Electronics 
You get the latest technical training needed to 
service and maintain 2 -way radio and mobile 
communications, plus the technical foundation 
for today's space and aviation communications. 

Prepares You for 
an FCC License 

ELECTRONICS WORLD 
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HOME STUDY COURSES 
in Electronic Fundamentals TV Servicing Color TV 
Communications Electronics Automation Electronics 

Computer Programming Transistors 

Voluntary Tuition Plan. All RCA 
Institutes Home Study courses are 
available under the Voluntary Tuition 
Plan. This plan affords you the most 
economical possible method of home 
study training. You pay for lessons 
only as you order them. If, for any 
reason, you should wish to interrupt 
your training, you can do so and you 
will not owe a cent until you resume 
the course. No other obligations! No 
installment payments required. 

RCA Personal Instruction. With 
RCA Home Study training you set 
your own pace in keeping with your 
own ability, finances, and time.RCA 
Institutes allows you ample time to 
complete the course. Your lesson as- 

signments are individually graded by 
technically trained personnel, and 
helpful comments are added where re- 
quired. You get theory, experiment, 
and service practice beginning with 
the very first lesson. All lessons are 
profusely illustrated. You get a com- 
plete training package throughout the 
entire course. 

You Get Prime Quality Equip- 
ment. All kits furnished with the 
course are complete in every respect, 
and the equipment is top grade. You 

keep all the equipment furnished to 
you for actual use on the job ... and 
you never have to take apart one piece 
to build another. 

RESIDENT 
SCHOOLS 
in Los Angeles and 
New York City 
You can study 
electronics in the 
city of your choice. 
No Previous Technical Training 
Required For Admission. You 
Are Eligible Even If You Haven't 
Completed High School. RCA In- 
stitutes Resident Schools in Los An- 

geles and New York City offer training 
that will prepare you to work in re- 
warding positions on research and pro- 
duction projects in fields such as auto- 
mation, transistors, communications, 
technical writing, television, compu- 
ters, and other industrial and ad- 
vanced electronics applications. If you 
did not complete high school, RCA 
will prepare you for such training with 

SEND POSTCARD FOR FREE 

ILLUSTRATED BOOK TODAY! 

SPECIFY HOME STUDY OR 

NEW YORK OR LOS ANGELES 

RESIDENT SCHOOL 

courses specially designed to provide 
the basic math and physics required 
for a career in electronics. 

Free Placement Service. RCA In- 
slilutes graduates are now employed 
in important jobs at military installa - 

tions such as Calm Canaveral. nvith 
important companies such as IBNI, 
Bell Telephone Labs. General h:lectric. 
R(: \. and in radio and 1 \ ,lotions 
all over- the country. Nlrnv other 
graduates have opened tllcir uwn 
businesses. A rocent \ccc 1 ork Resi- 
dent School class had 92.t16', of the 
graduates rho used the FREE Place- 
ment Service accepted by important 
electronics companies . . . and had 
their jobs re ait in_ for them on the day 
they graduated! 

Coeducational Day and Evening 
Courses. Day and Evening Courses 
are available at Resident Schools in 
New York City and Los Angeles. You 

can prepare for a career in electronics 
while continuing your normal full - 
time or part -time employment. Regu- 
lar classes start four times each year. 

3 NEW LOCATIONS 
In :addition to RCA institutes Inc. 
rni r -es. Radio Corporation of America 
,d1,,- a limited selection of basic Resi- 
dent School Courses in Electronics at 
three new locations ... Chicago, Phila- 
delphia, and Cherry Hill. N. J., (near 
Camden /. For complete information. 
write the city of your preference next to 
your name on the attached postcard. 

RCA INSTITUTES, INC. DEPT EW32 A SERVICE OF RADIO CORPORATION OF AMERICA, 350 WEST 4TH ST., NEW YORK 14, N. Y. 

PACIFIC ELECTRIC BLDG., 610 S. MAIN ST., LOS ANGELES 14, CALIF. 

March, 1962 

sire 
The Most Trusted Name in Electronics 
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NOW 

YOU CAN BUILD 

A FINE 

G/vam, 
FOR ONLY 

x550 

You can assemble 
this new Schober Spinet Organ for $550 - or half the cost of comparable instru- 
ments you have seen in stores. The job is 
simplicity itself because clear, detailed step - 
by -step instructions tell you exactly what 
to do. And you can assemble it in as little 
as 50 hours. 
You will experience the thrill and satisfac- 
tion of watching a beautiful musical instru- 
ment take shape under your hands. The new 
Schober Electronic Spinet sounds just like 
a big concert-size organ - with two key- 
boards, thirteen pedals and magnificent 
pipe organ tone. Yet its small enough (only 
38 inches wide) to fit into the most limited 
living space. 
You can learn to play your spinet with 
astounding ease. From the very first day 
you will transform simple tunes into deeply 
satisfying musical experiences. Then, for 
the rest of your life, you will realize one of 
life's rarest pleasures - the joy of creating 
your own music. 

For free details on all Schober Organs, 
mail the coupon now. No salesman will call. 

THE THE Yehollet 
ei. 

f CORPORATION 

43 West 61st Street, New York 23, N. Y. 
Also available in Canada and Australia. 

MAIL THIS COUPON TODAY 
r 

The Schober Organ Corporation 
Dept. RN -17 
43 West 61st Street 
New York 23, New York r Please send me FREE booklet and other 

literature on the Schober Organs. 
C Please send me the Hi -Fi demonstration 

record. I enclose $2 which is refundable 
when I order my first kit. 

Name 

Address 

City 
L 
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SIMPLE VOLTAGE 
CONTROL CIRCUIT 

Use of a high -gain silicon power transistor permits 
wide range of control as well as a regulated output. 

N laboratory experiments, electronic - 
circuit design, testing procedures, 

and other applications, a variable -volt- 
age source of direct current is often 
needed. When batteries are used as a 
primary source of d.c. (for reasons of 
convenience, isolation from a.c. lines, 
complete freedom from ripple, or con- 
tinuity of service), control of the output 
voltage becomes a problem. Power 
rheostats offer only limited resolution 
of adjustment and tend to drift in re- 
sistance as they heat up. Also, the out- 
put voltage is highly dependent on the 
load current drawn. A recent issue of 
Westinghouse "Tech Tips" describes an 
extremely simple voltage control, uti- 

BATTERY 
SUPPLY 

Fig. 1. Schematic diagram of the voltage - 
control circuit. With a supply voltage of 
0 -35 volts, use a 100 -ohm 25 -watt potentio- 
meter and type WX118UA transistor; with a 
supply voltage of 36 -75 volts, use a 500 - 
ohm 25 -watt potentiometer and type WX118U8 
transistor; with a supply voltage of 76- 
115 volts, use a 1000 -ohm 25 -watt potentio- 
meter and type WX118UC transistor. Mount 
the transistor without insulation in the 
center of a 7" x 7" x 1/4" flat copper plate. 
Paint the plate with any matte enamel or 
lacquer finish except in the mounting area. 
Cover transistor mounting surface with sil- 
icone grease. Tighten transistor mount- 
ing nut to approximately 25 in. -lbs. torque. 

lizing a Westinghouse WX118 high -gain 
silicon power transistor, which not only 
permits wide -range control of load volt- 
age but regulates this output with 
changes in load current. 

Fig. 1 shows the circuit for this volt- 
age control. The transistor V in this 
control acts as a variable resistance in 
series with the voltage source. The ef- 
fective resistance will depend on the set- 
ting of the potentiometer and the load 
current drawn. For all load currents up 
to rated value, the transistor regulates 
the load voltage to the same value (less 
a volt or so) as the voltage appearing 
between the potentiometer slider and 
the negative side of the supply. Thus, 

the load voltage may be varied smoothly 
from zero to full supply voltage merely 
by setting the control potentiometer for 
the desired value. The unusually high 
gain of the \VX118 makes good regula- 
tion possible with a single transistor in 
the simple circuit shown. 

In this circuit, the battery voltage 
may be any value up to about 75'; of 
the \VX118 voltage rating (the 25',h 
margin should be used as a safety fac- 
tor). Currents up to 10 amperes may be 
drawn provided the transistor dissipa- 
tion does not exceed 50 watts. Fig. 2 
shows the permissible maximum com- 
binations of voltage and current. 

With any given fixed load resistance, 
maximum transistor dissipation is 
reached when load voltage and transis- 
tor voltage are each one -half of supply 
voltage. Load dissipation at this point 
is one -fourth of the load dissipation at 
maximum load voltage. Since the per- 
missible transistor dissipation is 50 
watts maximum, a load which will draw 
200 watts at full voltage may be con - 
trolled from maximum voltage down to 
zero voltage without exceeding the al- 
lowable transistor dissipation. This as- 
sumes. of course, that the maximum 
supply voltage is no more than 75'; of 
the transistor rating and that the load 
current does not exceed 10 amperes in 
this case. 

It is important to remember that 
transistors have very limited thermal 
capacity and that they cannot be pro- 
tected against excessive load currents 
or short circuits by fuses. Therefore, a 
reasonable amount of discretion in use 
is necessary to insure reliable operation. 
If the limits on supply voltage, load cur- 
rent, and transistor dissipation are ob- 
served, the unit should have an un- 
limited lifetime. 

10 

ú 5 

a 
2 

31 
a 
o .5 

.2 

Fig. 2. Voltage and current limits. 
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The most informative books for 
the experimenter and electronic hobbyist 

VACUUM -TUBE CIRCUITS FOR THE ELECTRONIC EXPERIMENTER 
by Julian M. Sienkiewicz. At last in one book -all the basic diagrams, sche- 
matics, and other vital information on vacuum -tubes and their circuits. 192 
pgs. 100 illus. $4.95 

CLASS D CITIZENS RADIO by Leo G. Sands 
The first complete book on the two -way radiotelephone. Its history, rules, 
how it works, applications, equipment, receiver circuits, transmitters, anten- 
nas, installations, illus. $4.95 

COMPUTERS AND HOW THEY WORK by James D. Fahnestock 
A fact -filled guidebook to electronic computers. More than 110 illus. easy - 
to- follow tables in nine sections will help you understand all major types of 
computing mechanisms. $4.95 

THE ELECTRONIC EXPERIMENTER'S MANUAL by David A. Findlay 
With this guide you can put theory into practice. Learn about every com- 
ponent used in experimentation, every tool, its function and why it is used. 
A perfect guide to professional know -how. $4.95 

USE THIS HANDY ORDER FORM 

ELECTRONICS BOOK SERVICE -A. S. Barnes & Co. Inc. 

11 East 36th Street, New York 16, N.Y. EW 11A 

Please send me the books I have checked below: 

I enclose $ _ _ - (You pay all postal charges.) Send C.O.D. (I pay charges) 

-copyliesl VACUUM -TUBE CIRCUITS FOR THE ELECTRONIC EXPERIMENTER $4.95 

_copy(ies) CLASS D CITIZENS RADIO $4.95 

-copyliesl COMPUTERS AND HOW THEY WORK $4.95 

_copyliesl THE ELECTRONIC EXPERIMENTER'S MANUAL $4.95 

NAME 

ADDRESS CITY _ ZONE_ STATE 

If I am not fully satisfied I can return these books in seven days for a full 
and prompt refund. 
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"TAB" SILICON 

.\E9E.,T 

35 50V 
.09 

. 

390 
...o!v 

400 
.38 

rmS MS, 
560 800 

.83 
Di 

750MA* 
TYPE! 

U.C. or !lacy. 

705 100 
.17 
s'pi0.. 

350 SOO 
.50 
/lid 

630 900 
.98 

1de order SIO 

DIODES 

LOW LEAKAGE 
Derive 2O' 

140 200 
.22 

-r Yiv 
420 600 

.63 

spiV 
700 1000 

1.08 
;hipped lost 

;,r -:';lr ad: * 
* 

210 300 
.1l: 

.31 ,k: 
r 

700 
6. 

490 700 I 
.77 

s Pis .., 770 1100 
1.35 I) 

/rec 

Low Iri,vd 'Irian, sib,.,,,, U!udar 
I::Il.! Uw piv a12n- .,:11111:,,, 111,0 

.25 each: 30 for $7:100 for $22: 500 for 3100 

SILICON 
Operation 

D.C. 
Amps 

2 
3 
6 

12 
35 
70 

240 

POWER 
Up 

SOPiv 
35Rms 

.25 
.60 
.70 
.85 

1.80 
3.75 .80 

DIODE 
to 125 °C 
IOOPiv 
70Rms 

.35 

.85 
1.00 
1.20 
2.15 
4.50 
S.70 

STUDS* 
Case Temp. 
ISOPiy 
10SRms 

.45 
1.00 
1.25 
1.50 
2.50 
4.9S 
6.90 

200P:v 
140Rms 

.55 
1.25 
1.50 
1.70 
2.90 
5.60 
8.40 

D.C. 
Amps 

2 
3 
6 

12 
3S 
70 

240 

l)rra;r 
D.C. Blockmh' 

300P10 
210Rms 

.80 
1.50 
1.75 
2.00 
4.95 

10.80 
19.60 

20' for 

400PiV 
280Rms 

1.00 
1.80 
2.00 
2.20 
6.10 

15.30 
29.75 

Battery or 
vend mounted 

SOOPiv 
35ORms 

1.50 
2.10 
3.70 
3.90 

FOR QUANTITY 
Export 8 User 

Write on 

Capacitive load 
on Ii..it 

600Piv 
420Rms 

1.95 
2.65 
5.20 
5.70 

Prices 
Company 

or 
-auk 

2ENER DIODES 150 to 400 MW Cased TO 24 PCkg 
Within 20% VRange $1. 3 for $2. t t s t t t Si it t 

NIT ZENER DIODES up to 400 MW 2 for Si 

"TAB" FOR TRANSISTORS L DIODESIIII 
Factory Tested d Guaranteed! 

r.dl Irn;,:II 1.,.,:L" U.S.A. ul .g. 
PNP Hi Power 15 Amp, Toi 6 7036 PCkg 
2N441. 2N277 $1. 12 for $10 
2N442. 2N278 $3 3, 214443. 2Ní74 SO r 
3 Amp. 2Ní55. 2N156, 2N255. 2N256. 
2N307, 2N554. TO3CP .49 of . 5 for $2; 
PIMP 2N123. 2N1O7, CN722 5 for SI; NPN 2N292. 
293. 214107, CR722 5 for $1; PNP 214223 30e t. 
12 for $9. 100 for 1,65; 
PNP 2N670 300MW 50e r,, , 10 for $4 
PP 2N671 '1 Watt 75e 5, 10 for S6. 
Round Diamond Base Mica Mtd lilt 30C F, 
Power Heat Sink Fins 80 Sq $1.39. 
12 for . °00'foreSG, 100031 r SSO' 

48, 51, 

Ctd! Ottal Silicon--504G-Tube Replacement 
1120Rms 1600 Pis $4 55; 2 !ur SS; 4 for $10 

TRANSISTOR POWER CONVERTER 
12VDC to SOOVDG up to 200MA 
100 Watts Tap at 350VDC B500 500 
II Typ to to (SOMA 225E $ 

Type C1225E $30 

D.C. POWER SUPPLY 115V 60 to 800 Cys Inpt. 
330 A 165VDC Up to 150 MA. CASED! SPECIAL $5 I 

NEW BATTERY CHARGER 
SC6125 

I 

F, or V, lvt 'r 
. A r 

í Pull 
r".1 

to 
V 

f4 nv .0 ... A 11 nit 
O Built ready to use 

B 's 5cK "! Q C612X .....$14.00 
BC612B = $7.45 up . 1 l . . . . , 

-SUPERIOR.. Powerstat -10 Variable %bur f 
165 Watt O to 132V Special SS ...... 2 for 510 J 

"TAB" BARGAINS 
Vii T:1. Amp $10.65 

rum Ma 53 
\I ''_ $3 a 

SS in 2'59 
nr 1.' \'.\ n 52 a, . 3 SS 

TWO 866Ás and FILAMENT QG I 
10 Its Insltd SPECIAL qv 

TERMS, Money Back Guarantee! 
Our 
F.O.B. n N.Y.C. Add shpg Charges ' ̀  TA B or for C.O.O. 25% Dep. Prices 
shown subject to Change. 

111 -wc Liberty St.. N.Y. 6. N.Y. 
Ord ,e lrir Catalog 

PHONE: RECTOR 2 4245 

GET 

INTO ELECTRONICS 

411 

C.T.I. training leads to success 
as technicians, field engineers. 
specialists In communications. 
guided missiles, computers. 
radar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology an ECPD 
accredited Technical Institute 
curriculum. Assoc. degree in 
29 mos. B.S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sept., 
Feb. Dorms, campus. High 
school graduate or equivalent. 
Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 
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Simple Recorder Repairs 
(Continued from, page 39) 

which may be strong enough to create 
more noise and distortion than was 
present to begin with. It may also be so 
strong that it is hard to remove. 

The Erase -Bias Section 

Before new material is recorded on 
used tape, the old material must be 
removed. Thus tape passes over the 
erase head before it reaches the record 
head. Since recording on tape is mag- 
netic, erasure, like head demagnetiza- 
tion. simply consists of applying an a.c. 
field to the tape, with the field dwin- 
dling as tape moves away from the erase 
head. A frequency above the audible 
range, usually 60 kc. or higher, is gen- 
erated by the erase -bias oscillator for 
this purpose. The high frequency is 
chosen to avoid any interaction with 
audio frequencies, since the same signal 
also serves as an a.c. bias or "carrier" 
for material to be recorded. 

As indicated in the block diagram of 
Fig. 8, the erase -bias section is only 
active during recording. Thus a defect 
in this circuit is indicated when faulty 
playback is observed only on newly re- 
corded tapes but not on those that were 
recorded earlier or on tapes known to 
be good. If oscillator output is low, in- 
complete erasure will take place, and 
the old signal is heard through the new, 
weakly recorded sound. If the oscillator 
is dead, the new and old recordings will 
be comparable in level, with the former 
being noticeably distorted. 

Most erase -bias troubles are due to 
weak or dead tubes, but some recorders 
provide adjustments that may need 
some manipulation. These are usually 
tuning slugs for oscillator coils that are 
adjusted for maximum output, meas- 
ured with a v.t.v.m. at a specified point 
in the circuit. The portion of the erase - 
bias signal used as a "carrier" for the 
recorded signal seldom gives trouble in 
itself. If erase signal is present at the 
appropriate head, it is generally safe 
to assume that the bias portion of the 
circuit is also working. 

In rare cases, the erase head for one 
of the other heads) may become open. 
These coils may be checked with an 

JI VI-12AX7 
PREAMP 

rCN.11 

v3A-112 QAX7 
PREAMP 

ICH.II 

v -6ES 
U N!NS 
EYE INPUT 

V5-12AUT 
ERASE -BIAS 
OSCILLATOR 

ERASE 

HEAD 

cECORD- 
AYBACK 
MEAD 

lCM II 

Fig. 8. Record block in Webcor's 2008. 

ohmmeter, but a precaution should be 
observed. Since we are concerned with 
simple continuity or its absence rather 
than an absolute resistance value. a 
resistor should be used in series with 
the ohmmeter probe. This will keep 
coil current low from the ohmmeter's 
internal battery, avoiding excessive 
head magnetization due to the d.c. field 
developed in the coil. Head demagne- 
tization after an ohmmeter check is a 

Cll.l 

CH. 2 

RECORD -LAYBACK MEAD 

PLAYBACK HEAD 

CHANNEL I 

SPEAKER 

CHANNEL 2 

SPEAKER 

Fig. 9. Playback block in Web or's 2008. 

wise procedure to follow in any case. 

The Audio Section 

When a defective tape recorder comes 
into the service shop, many a technician 
tends to head for the audio section, 
because it is most familiar. But sta- 
tistically speaking. aside from tube re- 
placements, this portion is the least 
troublesome one in the instrument. 
Since it will be no more difficult to 
troubleshoot than any other audio am- 
plifier, few suggestions are needed in 
this direction. However, it is not al- 
ways so easy to determine definitely 
that an electronic failure is truly in the 
audio section rather than some other 
circuit. Accordingly, some localization 
procedures are in order: 

1. Use the audio section as a conven- 
tional amplifier, driving it directly from 
a microphone. tuner, audio generator, 
or other sound source. The only ele- 
ments in the playback chain not checked 
in this way are the playback head and 
the equalizing network. If a defect is 
still evident, conventional troubleshoot- 
ing techniques are in order. If it sounds 
good, trouble is probably in the record- 
ing function. 

2. Before moving to the record sys- 
tem, try playing a tape known to be 
good. A typical, two- channel, stereo 
playback system is shown in Fig. 9. 
If playback is now defective, trouble 
must be in the head or associated cir- 
cuit, rather than the amplifier portion. 
Cleaning, alignment, and possible re- 
placement are to be considered. 

3. If playback is correct, move to the 
recording function. Try recording over 
a section of previously recorded tape. 
Play it hack. listening for symptoms 
described earlier that will indicate 
trouble in the erase -bias section. If 
nothing is recorded, try recording on 
virgin tape. If this is successful, but 
sound output is weak. distorted, or both, 
trouble is still most likely in the erase - 
bias section. The recording function may 
definitely be considered the site of the 
defect only if a previously recorded tape 
is properly erased but nothing new can 
be recorded on it. 

In the latter instance, the recording 
head is probably defective, if a separate 
one is used. Since other circuits have 
been checked in preceding steps, little 
aside from this head is left to suspect. 
If a combined record- playback head is 
used, only one portion of the head 
windings may be defective, or else the 
problem may be in a switch. 

Conclusion 

Although only major, universal 
troubles have been highlighted here, 
they account for all but a small portion 
of likely tape -recorder defects. The non- 
specialist relying on the described tech- 
niques can proceed with confidence. 
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COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

New Products 
and Literature for 

Electronics Technicians 

Additional information on the items 
covered in this section is available 
from the manufacturers. Each item 
is identified by a code number. To 
obtain further details, simply fill in 
the coupon appearing on page 118. 

TRANSISTORIZED SCOPE 

1 
Grnrral . I roll its Corpora ' has received 

I eppu(sal for its alótr:mvsIorind oscilloscope 
iv hit li meets military spiv ¡bcations. the unit. 
shit h uiighs only 23 pounds and requis. less 

\ce 
L 1i « rP 

ham 1: rabic hoot ul spine. was developed for 
the Boman of Ships. 

The scope provides a 10 to I redact ¡nn in 
!Hover tunsrmptirn over conventional units. 
mililay approved perfurnl11ltt, and reduced 
heat dissipation. Since it draws only 25 watts. it 
can he readily adapted for battery tuse whit a 

converter. l -he standard high -gain vertical am- 
plifier covers from tl.c. to 5 mc. with lalibraled 
scales to provide sensitivity up to III Inv. per 
dis ¡.ion 1kíí ¡nnital sweep is clibraird to pru- 
v ¡de sweeps between .1 second and .1 per. per 
dis ¡sign. 

HIGH -CURRENT POWER SUPPLY 
2 Kidde Electronics Laboratories is now oller- 

¡ng an economical high -cutrccnu ptreet sup- 
ply wish adjust.(bic output cultagr fur industi :d 

and lab11r;u 11ry toc. Iles ¡g lied our :Ippliuf Tuns 

where tisse regalatiun is nul I(liiililt. the \lode! 
UPS- In ¡s espcc ¡all ustinl in 11,111,¡.1(11 c¡rw ¡I 
decelopotmu woe k. 

\Citb input of 1111 to 1211 colts. 11661 ups, the 
unit rim ides continuously adjustable output nt 
0 -32 colts d.c. Ripple is ; maximum ai 11 

atutptres and internal impedance is low. Itcgul:r 
Lion is II6'; mash mmu au 32 volts, 11 31111.. les at 
no load Io full load. 

DIRECT -READING MILLIOHMMETER 

3 
Atithley Instruments now oil, Is .1 nets 
operated mill¡uhoiucler st Milt IN 1111111 read- 

ing. requires no balancing. and rshihils no chìlt. 

'I he \ludcl "dl;; is suitable lot Oilier tenth or 
rack tot tmring. 

1 he ¡nsil nient pros ides ranges front .001 ohm 
Io MOO 111uns full -scale and an'uratn of l'; lull - 
scale of meter reading and .1'; full-scale uul out- 
put soilage. 

POLARIZED RELAY 
4 Oak \L ntaffi siring Co. Iras introduced a 

new highspeed pill ¡eed relu. lL pr "1111. 

designed for IuwIrcel sw ¡ithing :nul s:nnpling 
in ¡nal1mnrnl. inlrgl .11inq. Qmlpntel. and Imfti- 
pdes ¡1,q operal¡(1ns. 

Among the cousu lut lino reaures are ceramic 
magnets and glans Irised dr -metal for all inter oat 
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insulat¡un and u0nact sippo015 Magnetic prop. 
truies of the ceramic magnet :ne not affected by 
umIperaluoes as high as I-fl degrees C. 

Pull-in and drup.otr time is Tun psec, mari. 
mom and 110 psc( . minimum. Noise is at the love 
keel of less than 11)11 in. peak lu -pork into I 

mtguhm with preamplifier bawlpass of 8.1000 
curs. 

D.C. VOLTAGE STANDARD 
1)snagt Inc. is n w in production nn 3 solid- 
t ate I e voltage standard. the Model I.\ R I. 

I i, I..1 ncd u a r pl cement fun 1116 1 11,115- t pc unsaturated standard cell is hnrt htuit 
pruol..1nd is inscnsit ire tu vibrai TUn. push ¡mi. or 
sudden ih.utges in ambient temperatlne. 

the " \ultRel operates Iront 117 volt a.c. 
line voltage l l0-,1.n Nulls. 1 ¡II ups) :und protides 
output bet een 1.111.v0 and 1.1119 volts d.c'. Ini- 
tial suhagc :utmats ¡s _oí1111';. Stability is 

for :`10'; ¡npul voltage sari anion and 
16-31 degrees C temper:woe range. 

SMALL -SIZE ENCODER 

e 
Norden Division ¡t rd .\ircratt Carp. is 

U in prods« t¡í.11 on a nerv svr 11 encoder which 
features small sin . long life. and high conversion 
accmac L. 

(foncersion arc mat of ±27 minutes is guaran- 

teed by uhc mantufaourer. 'I he new encoder spt'c. 
¡lies Tai toonts per turn at tempcoanres ranging 
from minus 60 degrees to plus I &1 degrees F. 

TRANSISTOR- CIRCUIT CAPACITORS 
1 Sprague lroduc«s Cungraun ¡s now market 

¡11g a spetialls 'ideated .15501 1111e111 of 115 

..\ el 1i -I.s tic' U1pd1 ¡111(5 111 let lm ¡t ions who work 
on lirun ¡slut irrd equipment. 

6uovui .is Ihr l' :A- Isstun iller t. the new pack- 
age cou.isIs of :NI mhlialurr s ¡ngleendrd eLcurn 
huit« 1tr0 eat h of the I1 1111151 frequently used 
tatingsI in a tuu1pat1 eue. Indic ilhualls identified 
(01111.11 inwn1s keep each t ap:tiltrr in place, per- 
milling easy sells 1 I n and rcotwal. 

INDUCTANCE BRIDGE 
8 Freed Transformer Con qt.0 's Instrument 

Il ¡s ¡sips ¡ now olio iug a new incremental 
inductance br ¡dge. the \lode! rl I In -C for prcel- 
s¡nn libur:rury 1ea1 ¡lug. Direct in line readings of 
inductance and conduit:ma- ul ¡run -core cotn- 
poncnis al audio frtqucncies are pussiblc with or 
u il h(1ul supelinqu std direct urgent. 

Ihr ht idge list.' the Owens circuit with pro- 
s ¡.¡oils for niasul ¡11g the series or parallel in- 
tluru:utcc and cunduttancc of ihr unknown in- 

doctor: lice Aet ¡sine rtsisiance and capacitance 
decades arc 1,1115 ided ur indicate Meese yalucs. 
" ()." or storage fate or. can he measured as the 
product of the inductive reactance sud the 
condturtancc. 

COUNTER -TIMER 

9 
Ransom Research Division of \\'yie Labora- 
tories is arts ulierilg a new electronic fre- 

quents conflict-timer. the Model 1197. 
Designed for general laboratory o^ procluctinn- 

line ose. sect Mullions till the non 1 110 1111 lode .1 

2311 -kr. count tau r; 5- digit. imliue projection dis. 
play readout: .L "1 volt 1 111.5. sine (1l sglr.irc ts.ise 
inert +unsiuicils; meal :d ust¡11.0n- ¡nie bast: 
100 -kc. clock output: l%tona l clock input: I. I. 
and III -strand lrquenn time gaits1 :nul I. lu, 
and 101) -cycle period sample times. 

SMALL TORQUE MOTOR in Beau Electronics. Inc. is in produt lion can a 

small opilm motor which is designed to up- 
ciauc al a tunswnl tension vtithnot Oblation. 
sly ¡nook, in. togging. 

.\ble to stall under continuous duly conditions 
without limning up. the .1 'pc 4001 ac. motto 
offers a high clrsl :nut tontine with low power 
input due to its mlitiur inside-0111 opnstrnet í01,. 
%Vitll :no c1Grkilt', 1:0 101' of 2.1 watts pct e 
¡nth. the new n11iscless device oilers 12 mime/ 
inches uil 1prguc 1,¡111 a power inpuu ill 2] warts 
mss. 

11 

INDUSTRIAL MULTITESTER 
\Vestunore te. is marketing an industrial 
m101 tester. the \lode! 960. which pouidts 

a safe means of check- 
ing Iuw-urdet resist- 
ance ul Il.iliaitul'a iii 
addition to hued :ird 
mull ¡ulster functions. 

'I he i list I uMent 
reads to 7'l1 Lolls a.c. 
in sis ranges ±3'; 
d.c ¡n `Is r:utgcs t.l 
710 volts _ and 
d.c. current in fire 
ranges till 1 11)1) lita. 

: \ccessolics 
ccitsists of a high -volt- 
age probe and a 

range.estension multiplier. Self -calibration is an 
optional feature. available at slight extra awl. 

12 

VACUUM INDICATOR TRIODE 
Tung Sol Electric Inc. has :utapo111ed a new 
subminiature high -vacuum winde w ¡Ih a 

fluorescent anode designed especially hur tIan- 
sislor circuits where its high input impedance 
will load the transistors and its small drive 
requirements arc suited to transistor circuit volt- 
ages. The 1 spe 6977 can be used to replace indi- 
cators smll as neun 13111115 in electronic com- 
puters and data pinllssing 
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CITIZEN BAND 

ERAS 
,CCN 

o 

CLASS "D" 

CRYSTALS 
All 22 Frequencies in Stock 

0 3rd overtone. .005% tolerance -to 
+ all FCC requirements. Hermetically sealed 

`6 U holders. 1 /2" pin spacing --050 295 1.093 pins available, add 1Sc 
.. er crystal.) each 

We can supply marched sets for oll CB units at 
55.90 per set. Specify transmitting frequency and 
make and model number of equipment. 

IFollowing frequencies in stock (frequencies listed 
in megacycles): 26.965, 26.975, 26.985, 27.005, 
27.015, 27.025, 27.035, 27.055, 27.065, 27.075, 
27.085, 27.105. 27.115, 27.125, 27.135, 27.155, 
27.165, 27.175, 27.185. 27.205, 27.215, 27.225, 

RADIO CONTROL CRYSTALS in HC6 U holders 
n stock for immediate delivery-all channels. Pi 
iometer .050. $2.95 ea. .093 pin spacing, ad 

Kw 7 
15e. SEALED OVERTONE CRYSTALS Supplied in' 
metal HC6. U holders. ' P n spacing .486, diameter .050 ' 

15 to 30 MC .005 tolerance 53.83 ea. 
I 30 to 45 MC .005 tolerance $4.10 ea. 

45 to 60 MC .005 tolerance 54.50 ea. - - - r1 QUARTZ CRYSTALS 
for every service 

All crystals made from Grade 
"A" imported quartz -ground 
and etched to exact frequen- 
cies. Unconditionally guaran- 
teed! Supplied in: 
FT243 holders pin spacing 

Pin diameter .093 
CRIA /AR holders pin spac- 
ing ' pin diameter .125 
MC -7 holders pin spacing s5" 
pin diameter .125 
FT111 holder pin spacing 3/ 
banana pins 

MADE TO ORDER CRYSTALS 
1001 KC ro 2600 KCc .005% tolerance 54.50 ea 
2601 KC to 9000 KC: .005% tolerance 52.SOeo 
9001 KC to 11,000 KCr .005% tal. $3.00ea 

Specify holder wanted 

ANY AMATEUR, NOVICE, TECHNICIAN 
SAND CRYSTALS 

80 meters 3701.3749 KC .01% tolerance 
40 meters 7152.7198 KC 
15 meters 7034.7082 KC 

6 meters 8335-8650 KC 
within 1 KC 

MARINE FREQUENCY CRYSTALS -All marine fre- 
quencies from 2000-3200 KC .005 tolerance $2.50 

Isunpliod in either FT 243. MC7 or FT.171 holders) 
STOCK CRYSTALS in FT.243 holders from 5675 KC 
to 8650 KC in 25 KC steps 75c each or 3 for $2.00 
FT.241 Lattice Crystals in all frequencies Irons 370 
KC to 540 KC (oil except 455 KC and 500 KC) 50c 
ea. Pin spacing ti," Pin diameter .093 
Marched pairs -15 cycles $2.50 per pair 
200 KC Crystals $2.00 ea. 
455 KC Crystals $1.25 ea. 
500 KC Crystals $1.25 ea. 
100 KC Frequency Standard Crystals in HC6 /U hold - 

s 54.50 ea. 
Socket for FT -243 crystal 15e ea. 
Dual socket for FT -243 crystals 15e ea. 
Sockets for MC 7 and FT 171 crystals 25c ea. 
Ceramic socket for HC6 U crystals 20e ea. 

1.50 ea. 

FREE! Write for Catalog :961 with oscillator circuits. 

IASK YOUR PARTS DEALER FOR TEXAS CRYSTALS 
See big red display . . if he doesn't stock them, 
send us his name and order direct from our factory. 

NOW! Engineering samples and small quantities 
for prototypes now made either at Chicago or at 
Ft. Myers Plant. 24 Hour Service! 

IN CHICAGO. Phone Gladstone 3.3555 

ORDER FROM OUR NEW FLORIDA PLANT 
Use coupon below for 1st Class shipment 

TEXAS CRYSTALS 
Dept. R -32, 1000 Crystal Drive, Fort Myers. Fla. 

For Fastest Service, Phone WE 6 -2100 

FILL OUT AND ATTACH THIS COUPON TO YOUR OR- 
DER FOR SHIPMENT VIA 15T CLASS MAIL AT NO 
EXTRA COSTI 

NAME 

ADDRESS 

CITY ZONE.... STATE 

TERMS: All items subject to prior sale and change of 
price without notice. All crystal orders must be ac. 
companied by check, cash or M. O. with PAYMENT 
!N FULL. Dept. R.32 r 
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I.ig111 out put area of the indicator triode n 
the tss m. of tlic tube envelope and is appros 
imatels .1 Milt lung and AGO inch Hide. 111e 

íi!177 con Ito nprtatetl from an a.c. or st.t, supple 
and di:sss .03 ampere of heater current at 1 volt. 

TRANSISTOR CIRCUIT -MOUNT 

13 
1 he \I ic I'ruduct.c Dcparuncnt tot 

Sanders Asitxfutcscrutcas , Inc. has annuo iced the 
anailahilits of a Herr unisrrsal transistor circuit- 
mount in "Tri'l'late" strip transmission line. 

Designed Iur the vs :duatiton of high -frequents 

I ramsistors at 1-11 111,1 11.11.1. top mit liesse IItypical- 
Ille cira MI 111011111 its roil. :al Male talc 111e:s- 

Uremcnt of 1111.011 Iretpu-ntics. fisc link. and 
other critical t irrnit parameters. I he single mod- 
ule can lie used to breadboard :demist all 
grow mietI.nni tier or grounded -base circuits. 

14 

NEW TUBE TESTER 
Seto Elect ' -s, Inc. is tottering a completely 
new tube luster Wlnids lntluiles all sockets 

fur the newest lulus. I -he r i l Guitry incorporates 
the lieu's glidtil Hilt 1,1 a. Well as :1 merit 
test. All inlolm.11ion is displayed on a single 
meter. 

The panel includes S0 sot kris Ishich are wired 
through a selector swish and load system. This 
system extends 1t16e -s pe tutti ago by at least 
tour times. With riser 2 110 spcs listed. Primarily 
intended as a portable unit for sersice calls, the 
tester can also be used as a bunch instrument. 

D.C. POWER SUPPLY 
I lewlen.Packard C pall)' has announced 
the ;mailability of a new d.c. power supply 

capable of remote progl:nnuling. remote sensing. 
and nwpill -t ur rent limitìnq. 

I he solid-stair power supply. \lodel 7213AR, 

15 

-` 

4II _1 . 

. . .--."-= 

pros ides a lull ' -.Inlp tar real rlpat is :11111 a leg - 
Mated output of u to l'r sill.. I ht output stilt. 
age changes less Ihan _. -r ils. lot III': lint -solt- 
agc yaialiton and less th.rtl 1 Ins. when the output 
current changes ans w here Iron 11 to 2 amps. 

16 

SATURABLE CORE TRANSDUCER list inghouse Electric Corporation has an- 
nounced the asailabilits of a static saturable 

core traiimlucer for measuring alternating current 
r voltage. 

K u as the "Teleducor.' output is O to 3 
ma. d.c. jilts) any load tip to I-r nun ohms. The 
d.c. output is diletIls- p.4'011ion:11 to the a.C. 
mpm over a wide I:Iilge rd luad Iusi.tanst' :rod 
lellI erilm -e. : \cu rats is - I'; of (rill stale stitll 
wide Val i a lion. in output loading or ambient 
IeIIpel. a Nu e.. 

I Ile Milt mra.ults I I i "x 311 "x 2111" and weighs 
appnrsi manly I pound. 

11 

TIME -CODE READER 
United ElectroIArt. ' s, Inc. is currently 
ollei ing a lira time lode reader which dc- 

odts 'ilia I I RI(: title Lose for operation of time 
selct urn. nr pros isle In etise automatic program. 
snag of instrumentation and control systems. 

1 s pied on line application would be auto- 
matic tontrnl of a test sequence. \Chen used with 
pl:stdback tali' signals. the unit may be used 

_ ® ®_ ® ®_ 4,1 
.er sue. Irby. 

for automatic editing and progr amming ul dala- 
protcssing sequences. l he seleeunv may be pre- 
set to activate :thy giton function with an acne 
rats of better that one nli llisccund. Resolution 
and tango of limes selected can he pros idol to 
meet specific requirements, 

TRANSIENT VOLTAGE DETECTOR lo Ilalular Electronic Produits Compass, Ltd. 
U is in production Ins .In :III -soli,l slato !aselle 

t1':tllcie'Ilt detection and tilt a.11l rlllt'111 instrument 
that lias 1)11'1e r :anges ul lllll, 101111. and 111,1)00 

volts. A direr. -wailing dial :nut btlill.in self -cali- 
bration and lesi It-al wee eliminate the need for 
calibrai ion reference t liai ls. 

Accuracy is ± l'; 101 sansimts 10 1 µsec. rise 
tinta down to d.c. Rtlas mown and ant onlal is 
reset allows external consol. indication, and 
recording on repetitive transient events. 

OSCILLOGRAPHIC RECORDER 

1 t 

9Sanborn C !:mere Induss-i:d Uit isinn has 
dcseloped a single. channel sst illographic 

recorder with a tr:msistori,cd !lime- scnsilisc dc- 
nwdulafor ampli Fier 
and poster supple 
which is useful for 
testing Strs teasel tI11s 

and pawn's. 
'Flic Model 3112 

amplifies and ret ortIS 
a 11111 creme signal 
Ill.,s resll 11. Itom tbnl 
paling an a.c. error 
signal Is it fl all cxltn'- 
n:tlly supplied 25-125 
soli I.nl. s. reference 

signal. The beaus! -as lus recording unit gives 
immediate read out sir permanent. inkless traces 
on -I0'ä11 irinn rcclangul:u- cuordinale charts. 

71ík complete Model :102 system is housed in a 
(01111 11:1C1. rugged 7 "x Iol2 "x 1 2" cairn ing case. 

20 

SOLID -STATE SWITCH L RELAY 
EI.Ttk C portents Div.' now in 1110- 
1111ci011 011 a new series of solid -state switchts 

and relay- which ambient to \111. specifications. 
Siugle.pole, single -throw rated at I and 

5 amps are available. Roth unit. operate from 
28 silts d.c. or a.c. to limn sp..otu re whin)] is 
completely isolated Iran cInlacts. 

I he company is also prepared to alter custom 
designs with rating to 2110- alnfere mtdli-pxile 
a.C. or d.c. output. 

21 

LABORATORY POTENTIOMETER 
Ces oral St fenl flic C:ompat is now offering a 

low -cost. compact !allot:tury !silent iometer 
remet ing a broad field in which the potentiometer 
method is applicable. l he new unit is suitable 

ELECTRONICS WORLD 
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for the ra libtatinn of meters, checking standard 
tell. :Ind r1.uularal resistances, and measuring 
teniperal un' by they utticouples. 

A printed -circuit switch controls fifteen 10-ohm 
resistors for nlainuliuing a constant pocntiom- 
cter current for all pteitions. A ratio.nnitiplicr 
switch gives the potentiometer three full -scale 
ranges: O -L6 volts. 0 -.16 volt, and 0- .0111 volt. The 
unit weighs six pounds and measures 81/2"xl2 "x 
511" 

NEW POWER TRANSISTOR 

22 
Delco Radio Dis ision has recently introduced 
its 1 >S520 power transistor which is especially 

suited to replacement applications in auto radio 
output stages. 

The new c pmnent has a power rating of Go 

watts at 25 degrees C and a collector diode voltage 
minimum rating of 40 volts. According to the 
company. it can he used to replace litany of the 
power transistors used in car radios. 

23 

SILICON SWITCH 
General Electric C patty's Rectifier Com- 
ponents Department has developed a sub- 

miniature light -activated "p -n -p -n silicon switch 
capable of handling large amounts of power. 

Known as the LJ235, the new device is now 
available in five voltage grades for sampling 
purposes. The unit can switch up to 160 watts of 
load power on a continuous basis or up to 2 kw. 
for one cycle. The housing is -90 inch long with 

a diameter of .25 inch and weight of .25 gram. A 
momentary impulse of light between lilt and 500 
footcandles in intensity is sufficient to trigger the 
device into conduction. 

TRANSISTOR CHOPPER 

24 
Airpax Electrmics, Inv.'s Cambridge Dili 
sion is i u trod using a min iat u me tlansistor 

chopper with a noise level of only 35 microvolts. 
Operating on a new principle. the Ts px' 7001) 

provides isolation between drive and signal cir- 
cuits with precise switching action. Ni, (trite 
transformer is used, permitting operation from 
d.c. as well as square waves or pulses. T picalh. 
the unit driven at 900 cps has a noise level of 37 
Av. working into a 10.000-ohm load. 

Applications include d.c. amplifier stabiliza- 
tion. low-level switching and couuu mating. mod- 
ulator circuitry. and servo systems. 

25 

MICROMINIATURE TRIMMER 
Miniature Electronic C poncnts Corp. has 
added another unit to its 1/4 " -dia meter lint: 

of microminiature trimmer pots. 
Mounting by means of a threaded bushing. 

the Model MS -7 is especially designed for panel 
applications where microminiature size and ex- 
treme environmental performance are desired. 
Specifications include standard resistance values 
from 11)1) to 10.000 ohms, 1/4 -watt dissipation, .09 
ounce weight. and "Teflon" ' . la ted leads. The 
housing is anodized aluminum. 

25 -VOLT CERAMIC CAPACITORS 

26 
Cornell -Dubilier Electronics is offering ca- 
pacitance values 50 to IOU times greater than 

standard ceramic units in its new 25 -volt Type 
HCC "TinyMIAE" capacitor line. The new 
series features economy. small size, plus good 
durability and stability characteristics. 

The new line is available in four nominal rat- 
ings: .01, .05, .IO, and .22 µf. with capacitance 
tolerance of +80 and - 20%. Minim leakage 
resistance at +23 degrees C will exceed 50 meg- 
ohms at 5 volts and 2 megohms at 23 volts. The 

AMAZING OFFER 
RADIO & TV SERVICE DATA 

v topleIe source for all 
seto it d It. \I '1,1 And TV diagrams and 

ldc int.: dam. Most amazing rallies. 
Only 52.50 and st per iam vnlumc. 
Cover all important makes. motels of 
all peritltl5. t'.r this entire ad as your 

NO -RISK ORDER COUPON ____ 
TELEVISION SERVICE MANUALS 

Complete circuits, all nrcdtal alignment I.I.!,, 
: n!; hoard sires, waveforns, collage S, prlxii.1 ism 

t 

and double-page Kht'nlalics. Only St per 
annual manual. Check volumes wanted, send 

re advertisement as your order form. 
r 1962 Television Servicing yemn:, I. only 53. 

1961 TV Manual. 53. E 1960 TV da1111u I. 53. 
Additional 1959 TV, 53. 7 Early 1939 TV, S3. 

:- 1958 TV Mano,a. S3. C Additional 1957 TV. 53. 
Early 1957 Tl -ley.. ton. $3..= 1956 TV 11anual. 53. 
Additional 1955 7v. 53. :. Early 1955 TV. 53. 
1954 TV. 33. 1953 TV, 53. -' 1952 TV, 53. 
1951 TV. 53. .l.lster Index to all maraud.. 25e 

RADIO DIAGRAM MANUALS 

. . ,.... .. .. Igl .. to pr -SSl . old llultr,: boon ra,un, ,Irren. 
in :nions transistor pn 

r 1+\I, .lulo , 
t 

I... .I 
.:dl ncedrd.11i;u,. t. 

cd hoards, ,ol: 
In hints. ..lu:,, . 

r i", about 
1962. C 1961, 1960, 1959, '- 1958, 1957. 
1956, C 19SS.: 1950.: 1953. " 1952. 
1950. 0 1949. r: 1948. ': 1947. .- 1946. 1942. 

O 1541. 0 1940. 0 1926.38. PRICE EACH, 52.50 

SUPREME PUBLICATIONS 
1760 Balsam Road Highland Park. ILL. 
Rush today TV and Radio Mann 11S checked 

in no -risk order form of this ad. Scud postpaid. 
I am enclosing full price. You guirnntee my 
complete satisfaction or my money hack. 

Name' 

Address: 

I City' State:- 

TRU-VAC 
REPEAT OFFER! 

BUY 1 TUBE AT THE REGULAR 
PRICE AND GET EVERY SECOND 

TUBE FOR JUST Sc 

EACH TUBE 
COSTS YOU 
ONLY 1711 at 
EACH. AND 
IN QUANTI 
TIES OF 
TUBES ONLY 
¡Si, at EACH! 

1 -yr. guaranteed 
Radio &TV Tube, 

IC SALE ONLY ON TUBES 
LISTED BELOW! 

*For every tube you buy at 351 each, 
YOU GET A SECOND TUBE FOR JUST 

ONE PENNY! 

*Buy 100 tubes for 35t each and GET 

AN EXTRA 100 TUBES FOR JUST $1! 
Take your pick - - - tube types may be 
mixed. 

6AU6 6CG7 6W4GT 
6AC7 6SN7GT 12S07 

Factory Used or Factory Second Tubes! 
TRU -VAC will replace FREE any tube that 
becomes defective in use within 1 year 
from date of purchase! 

ALL TUBES INDIVIDUALLY BOXED! 

CODE DATED & BRANDED "TRU -VAC" 
Partial Listing Only ... Thousands More Tubas in Stock! 
SPECIAL! 6CB6 301 
074 3Q4 60666 68YSG 606 65D7GT 0Z 354 GAF4 68146 6826 6DE6 65F5 lAb 
147GT 3V4 GAGS 68.16 6627 6DG6G7 65F7 747 
I133GT 4007A 6AH4GT SASS 6C4 613FG 6567 748 IHSCT OB58 6ÁH6 6476 OCAS 6E5 65147 784 lea 40Z7 6AK5 64U4GT 6F5 6547 7B5 
116 acne GALS GAUSGT 6CD6G 6F6 65K7 7B6 
1 NSeT SAMS SnM8 GAUS 6CF6 6146 6547 787 Ins SANS 6AN8 64V5GT 6J4 6507 786 
ass SATO 6405 Gage 6CG8 6JS 65157 7C4 
ITO SAVE 6AQ6 648/8 OCHS 6J6 6T4 7C5 

SAZO 6407 6A X4GT6CL6 6J7 OTO 7C6 
6A55GT6CM6 6K66T GUS 7C7 
SRNS 6CM7 6147 GUS 7E5 
61387 GCN7 6N7 6V6GT 7E6 
6BL7GT 607 6W6GT 744 XXI 

1V2 
1 %2 
2AF4 
2BN4 
2CY5 
345 
3415 
3AU6 
3BC5 
3BN6 
3BZ6 
3CB6 

SCGB 6AU7 
5J6 6138 
5R4 68A6 
578 61365 
SUO 6608 
5U8 6806 
59.46 68E6 
SVGST 

G8F5 

573 
646 
Gana 

Sensational Offer! 
"Self Service" 

TUBE CHECKERS 

$37' 5 FOB our 
Warehouse 

Let your Customers test 
their own tunes! These re- 
liable. reconditioned 22- 
socket tube cheCkers will 
return your investment In 
one week or less with 
little or no etrort on your 
part! Handsome. field- 
tested Console models 
COMPLETE WITH KEY 
FOR BOTTOM DOOR ANO 
NEONLIGHTED HEAD! 

$33 EA. 

Any rob '00 7UBES 
AIaQ Nor 1 

or 3Sr Ea*b listed 
ehf 

6CQ8 
7N7 
767 
757 
7X6 
7X7 
774 
724 
1248 
12A95 
12AD6 
12AF6 
12,105 
12AT6 
12AT7 
12406 
12AÚ7 

12ÁZ7 
1204 
128,16 
12847 
12806 
128E6 
128F6 
12887 
12BL6 
128K7 
12866 
12077 
12CÁ5 
12CN5 
12134 
12F5 

611Q6GT 6C56 657 6x5GT 7F7 12AV6 12E8 
6807 6C57 65SGT 6x8 7F8 12497 .1285 
68158 6C1J5 65A7 6766 767 12Ax467 12K7 
6858 6CÚ6 65C7 745 7H7 12A %7 11216 

. ....... 3Oe 
1207 25Z6GT 
1285 27 
1254] 3SA5 
í25J7 3505 
12587 35C5 
125N7GT 35W4 

3525 
120667 36 
12W6Gr 36 
12 %4 39/44 
1447 1207 41 
1486 42 
1407 43 
174 %4 5045 
1704 SOBS 
19411467. 5005 
196666 SOLE 
19.16 56 

24A 84'624 
11723 

1 -YEAR GUARANTEED TV PICTURE TUBES. These tubes are made only from new parts 
and materials, except for the envelope which is re -used. ut i,liy 1.I.Ú01 nrl,,4 110 
not toe dud, dud Add Additional 55.1111 11tnurit , !sex to 2 21" and 2.1" 
lobs -$:.511. Dep. refunded when dud is rt Ini Ìutprepaid. Aluminised tubes-64.mi 

Picture tuber shipped only to Continental UNA and Canada- F.0.11.. Hai ri.on. N.J. extra. 
14 7.10/ 10x1.4 11.10 17111, 16.011 20111.4 17.80 21Aw'l'417.411 21x1.1 17.40 

1a1.1,4 10.10 101.14 12.10 1714 10.011 21Ár4 21.40 211:1'1 17.211 2111'4 114.:10 
1411 CP41 1 .00 1610 .1 I 1 .119 1761,1 13.811 21.11.1'4 18.711 211.1'4 114.:1!0 21g14 17.40 
114.11,4 10.0!I 17.11'1'4 15.411 20t'1' -1 15.140 21 A11'4 18.:11 21 511' 1 22,111 2.IÁ1'4 30.40 
11111.4 12.10 1:111.4 13.40 111:11'4 114.311 21A311.4 17.99 217P1 18.39 2 11 1' 1 27.711 

106P4 16.1111 171-1.1 10.00 17114 16.09 21AU4 15.79 2155P4 17.19 2401'.1 20.76 
16111'.1 12.19 17h11 17.811 2601'4 15.80 21 AY1'4 I N.79 
ATTENTION QUANTITY USERS! Rig 111 -.counts Are Tours . Call or Write For Our 
11100 Tolie "1'rivale 1.:0!91' Special, Attention Brandin' Dept. 511111. 
Money Cheerfully Ri'lunded Within Five 151 Days. It Not Completely SatHlledf 
TRU -VAC tit. PAYS YOUR POSTAGE -On order. of $5 or Ore in ISA and Territories. 

vsemi approximate m, -tage , Canadian and foreign Ornery. Any order le.r than $require. 
-e handling charge. Send t 2- 

r 
t .0.0.'s. All orders subject to prior .:de. : mlw'Ine 

with Federal regulations. the following statement appear-, in all Tru -rue rt hiing: 
Tulles In mi.. ad ma, be FSCT01tl- SF:, ON nS or USE', tuner and are Clearly' littke,l. 

March, 1962 

TRU-VAC 
Harrison Avenue Box 107 Harrison, N. 1. HUmboldt 4.9770 
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YOUR COPIES OF 

ELECTRONICS t 
W0 LD 

ARE VALUABLE! 

Keep them neat...clean... 
ready for instant reference! 

Now you can keep a year's copies of ELEC- 
TRONICS WORLD in a rich -looking leath- 
erette file that makes it easy to locate any 
issue for ready reference. 

Specially designed for ELECTRONICS 
WORLD. this handy file -with its distinc- 
tive, washable Kivar cover and 16 -carat gold 
leaf lettering -not only looks good but keeps 
every issue neat, clean and orderly. 

So don't risk tearing and soiling your copies 
of ELECTRONICS WORLD- always a ready 
source of valuable information. Order sev- 
eral of these ELECTRONICS WORLD vol- 
ume files today. They are S2.30 each. 
postpaid -3 for $7.00, or 6 for $13.00. Satis- 
faction guaranteed, or your money back. 
Order direct from: 

JESSE JONES BOX CORP. 
Dept. EW 

(Established 1843) 
Box 5120, Philadelphia 41, Po. 

FiAPPIÌÁNCES 
PAYS $3 TO $5 AN HOUR 

Spare Time, Full Time Learn at Home 

I:KEE 
BOOK oarre.l be- . low shows how YOU can 

now base .i good-paying 
business of your MITI. right 
in your home. No experi- 
ence needed. lust simple 
tools. Learn to repair Elec- 
tric Appliances. Pays i.i -s'5 
an hour! 

400 MILLION Appli 
antes are in Annerit o, 
homes right now. 7f, \lil- 
lion MORE bought each 
year. People need Cher 
urged. good times or bad. 
YOU make rood money do- 
ing it. In your basement. 
arage. t n oI your 

tal4. 

QUICK WAY TO GET STARTED 
For a 211c a d.y 

our c 

aireed 
now,. 

'ion -`t 'a. Led bc fi - of < 

i. 
In nue trama 

-- prepares ui 
) 

top 
earnings in this bosxuiau 
held. arl 

: 

Reid of Thomp 
Ohio acs. \L, le 

i 

Silo in ne month spare 
time. \RI course is price- 
less." At no extr., chai ge 
you esen et all par's fur 
your own Appliance Tester, 
too. Finds trouble vols. 
speeds and cheuLs your 
work. 

Get our FREE plonk 
and FREE Saottde I.eSSUU: 
Mail bclo.t. Icrei 

FREE BOOK FREE LESSON 

NATIONAL RADIO INSTITUTE, Appliance Division 
Dept. EC2, Washington 16, D.C. 
Send FREE Book. Free Appliance Repair (worst 
Lesson. Ans interested in: 

Spare Time Earnings r My Own Business 
' Better lob 

\lime 
Address 
City Zone.. State L_ Accredited Member National Home Study Council J 
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unita air esp. bills soiled for lure -soilage appli- 
cation. in tt.un.isior ti rtllflls. 

21 

TRANSISTORIZED ANTENNA BOOSTER 
11 incgard C pally has added .1 11.n1,1,ftn- 
ir.d b" "see to Iis lint. ul I \ .nl1enll.1 :1, cs- 

.alit.. I)c.ignaird as the ..7curia Boost.' Model 
\I. \- :gnu .mtplilicr. the lits: unit will lit ans- an- 
tenna :u,t1 has a latc,l gain Ilp In Ill rib pur bolls 
1 -\' and f \I. \ :{ was wuuut permils nwunling 
on :enema. stall. or may. Hie power supply is 

all t,,., tampletcls shot Woof. and is equipped 
with a Iocd-distant :und palauit a:ilth. an a.c. 
"title'. and a built -in Iwo -sri soupirs. 

SILICON- CONTROLLED RECTIFIERS 

28 
Senticlu Int. iuuudm ing a lint. of siliun( 

0 iontrollcd trrliliers ili lu i,(IO colts. designed 
pur use in power tunnel and high currcnl seillh- 
ing applico iritis it:opining blocking %tillages tip , 
to (WO volts. I he units air applicable for load 
(un cuts up bt ampere.. 

\uunlg the lesson. itllut'lxxattal into the de- 
s ire .tir .1 lung leakage path (liai eliminates volt- 
ago In cakdow n brnsctm terminal and case. triple - 
dillusei silicon pellet for nta\inuun uniformity 
nul reliability. all -welded c,nsucution, and in- 
tegral terminal-lug construction. 

CLOSED -CIRCUIT TV CAMERA 

29 
Sylvania Electric l'roduty lin. has developed 
a Ill-Is r 10sr11- tilnlit Itht' isiuu camera de- 

signed to operate Ivith either home -is pe r.f. re- 
ccisers or special ìndu.u'ial video receivers. 
therein: filleting greater flegibilin in use. 

The \1"11,1 Y -1(1(1 include. elrnl "Mc self.ad- 

jusnneut to lighting t,nditiuns. tugged chassis 
uutluning for protection against shock damage. 
and turret m"u"ting_ designed to accouuuudue 
11101111.11. Iside- angle. and telephoto lenses. l he 
t.uuer.l Inca-cores 7" wide. 12" long. and li" high. 

MINIATURE RELAY 
3ULine Electric (:ompany has develuptnl a new 
miniaiurc telephone type relay ssbirll is ap- 

plicable to a .site variety of uses im hiding com- 
munications. tumpuicr%. progranuncrs. and con- 
trols of tit lI 5 sorts. 

The sink- (.1- relay incorpnlates a standard 
stick insulation which is made from a high grade 
of pheuulit to permit runlinunus duty at 85 
degrees ( I he new series is available in a variety 
of odes: open. dust cover, and hermetically 
sealed. 

TRANSIENT -VOLTAGE SUPPRESSORS 

31 
Sarkes Tanian. 111c. is nuls nllcring a rout 
piece line of stIcniuu, 11:msicnt-ciltage sup 

pressor.. Dcaignatt-d "Klipsult.' these units will 
reduce transient collages generated 1, minors. 
relays. and shin lies. I asi nt l.,, trous .nuage Dyer. 
loads s'a use si Iii"n rut rilit-t I a il urns. s" Ilse of the 
sltppressors will inn rant Irl iahilin. 

lltc .uppreun :uc :nailablc in pn1:uined tie- 
signs lor Ilse in d.c applications and inni-pol:u 
iYal Jo.igns I0r .uppl-cs.iun nl Li:uirul itt a.c. 
lirtiiit.. 

32 

GERMANIUM POWER TRANSISTORS 
keailott Sr. ' lueur has rateled the Iicld 
III "p.n ji gcrnt tltittul puttsn 11.nnispn bs 

utfcting 2 \I:b. Li\I :ß. and 2 \I -t\ units in 
ssclJrll p.itkages in an 11l,ia u,o stilb new' 

F.l't rcyuirenxn. I ht.er des its'.. elles ti tills 
iurtrt ls :ntgr.i blc eilh the mug i it il lo .it ici :Ind 
la, gcr \I \I I patLagc. 
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HI -FI -AUDIO PRODUCTS 

TUNERS FOR FM STEREO 
I. 11. Si. kles plis isuun ì. nuns in 111111111,1101) 

un nui ore puss -l-,.1. mini:nuriird I \I ladin 
tune,. 11c'Toned pur I. \I and ruutbination .1 \I- 
1 \I 'rt. :nul pli tir tdarl lot the new wren 
uudtiplrs sels - 

I lie \Iadcls :WI .uni II I are stable and It mine 
a single tube: compas t. I ugg11 (011.1111,1 ion. ,111.4 

cuudru.ur: :tint "Bud' Irrtlucnrs cuss I Ilulu 
$7.1 tu IIIS.: Inr. nominal. I he h utci .rr 
able unit pith the tuning .haft al either end. I he 
Model Sill is also :yailable with a.f.c. 

34 

THREE -WAY BOOKSHELF SPEAKER 
%het.unt flet troni. Laboratories. Im. is 

nuns inkling a mill ' -priced. Once-- poa1er. 

Ihree-ssa bookshelf .penket sssint st hit In i. Ix, 
iug litai keled as Ilse Tuba.'.. 

71íc nets' unü pros ide. ul0uth resp.n Ilon1 
-lS to I7.lnl1 ris It 1 db ;und is essrnli ill, 11.11 to 
19.01(11 tit, l hc ss scot (insist rip .I I2" high unu- 
pliancc w infcl. an ,s" turic mid s'a ng..lir.i k., ninb 
sealed libel- glass fill 1/acLplate. and .i 2, 
radiator supI nseenn . also with sr:dud liber glans 
fill bat plalr. (n0ssuscr point. arc Iluu :11t11 -dol 

Cps with I! sils tit .ne utcnualion. [(Ad Iuls 
are prosidud IuI eplinunn midi :utg and nsertn 
balance uuJt all uioul conditions. 

1/ü11rn.ions at ' 21i1 I" ] I 71- C I.II t. ". \ Illlill ht I 

ul 11illcl cuit t.ibioel IVuishrs .0 hriug elle 1111 bs 

the inditul an urcr. 

NEW AMPLIFIER TUBES 

35 
.\ugxrey Elenrnu it forpornion an- 

d nuunnyl asailalliliis el the ope F(.i.Ili 
6(; \1 .v. .t 11 itxle.pnrudc par 1)11'. 1,111,111111 :11111 

pews vulpin sages in suit,, hi fi t.uuplilicl.. 
Elm( i: illy suited pur low nisi .dine, orals nsu 

of these lobes are needed III emplc1r nsnu 
rhannrl Sleu t sxsttni. with 'MI' HI!'pie iJing 
1 sea IN .iu,liu corpus. span. t. pst , h.nlurl. I . 

anis two tidies pin (h.nuul. or a Ir da1 id Iu11i 
for a "mildew bight, punster 1"ss.li.runiun 7 

stereo ss strni. earls Iwo rubes will Inns ide 12 

walls riution (lass \It push pull. l hr uiudr 1,01% 

lion ul Iii F.(.I.Sii i. rtptal 111 um. vrriun nl" a 

l2:\X7 "hile the ptnl0d pillion has a plue 
dissipation ruing of 9 wails :nid a nanaundut- 
tange of 11111011 pmlui.. 
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RANDOM NOISE INSTRUMENTS 
Sol in"n Drs ires. Inr. has Tun uolw eJ nsu 
nrsc 1,11.1.1111 nnisc ius11 unwell ltribut king 

and csalualine high -Gdrlils audiri asti iu .nid 
:aoustical fatturs ss iihuul est 111 :ulvilìalt ins11u 
nlenls and Icunring the nrsc solid-stale "Soon- 
sis " whirr nui,. Juts. 

ELECTRONICS WORLD 
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The \Indel S. \l k a random] nuise ;nl.11stei ..hile the \lodcl S \ -' is . 

rand nuis amplifier. Both instruments into ide a Ion -lct.I .moue nl 
tshilc nuise of mid,. in :nnplintde disnibuliuu flung 21) lu l(Ilnu cps 

:1 dit. Ls both units tunlsidctable "wpm is asailablt abet and helots Thew 
limits. Pot rr is presided by sell- tom:lined replaceable merctus bannir.. 

FM STEREO SIGNAL GENERATOR 

31 
(:allxst Clatlr ' s toss ell ruing a unnllalt soul ultra ti- F \1 stereo 
sign:[ gcnvtat r di- il 

field adjustment of I. \I 
strict adapters and re- 
itiseis. 

l he \lode) \IX- 
G_] -SG pros lilts t,nl- 
posile. stereo. composite 
'time mudula led r.f. 
signal. It 1.. R - 

1.. or 19 -kc. tt stal- 
contolled pilot carrier 
output signals while an 
internal I \I I.I. signal 
growl:11m till mils unll- 
pleir Hui cu i'sling of 
F \I slti cu rtctis cis oi- 

1 NI loners and lrren 
dating s. i'iit enlagc of 
111011111:1111 /II is tad till 
an in lii ulm meter. 

'Ilw generals operates from I17 -sell. lift -tstlt :wt. II meaures 1112' 
high. IN" lung. and 7" deep. 

AMPLIFIED FM ANTENNAS 

38 
11 ant g.ud C. pans has added nso w alnplihvd F \I :uvenuas lu 
in liar tu Intel titi- rcquircmcun . i t Iringc -:ota i \i listcnrl .Ind 

those initiestrsi in I \I multiples reception. 
I hr 19 S "Stull,- 1 run" agi is gold anoditcd and has a minimum gain 

of ai sib u ei a lidded dipole. 11 Ills a Ilal cul ucncs nspunse of :_. I t dit 
tint SS Io InS uns, 11 fralurec a built in 1 VIM coupdel and han tight 
clement, st Oh a deism Monett, thin ils coupled to the n :unistur :uuplihcr. 

I lie l'1.1 is also gold annd iced and is u,uulitut ilium! with Ili di- gain 
in agi [Brett inns user a folded dipulr. It han a :um.,hut output. 

STEREO TAPE RECORDER 

39 
\ iking \lù;ntapolis. Inc. is now Miming its \lodcl .t Sl tiro l oue 
p.0 l" lait I rader whit it iueurpn] .mes nets reur[lug and plis lao t 

rletmunits gis ing il e 

i :mgt. of 21- I$.Ilutl t 11s. 

plus a spot ial hrtao- 

dult filter designed tu 
pit mil distortion-free 
F \I multiples rccurd- 
i rags. 

\\ hilt the tape ti n.- 

pult mechanism is the 
ame as in the pies BMus 

s t]si,n of this model. 
this new min has ion, 
tilted. toss Blet ur Alit 
and a 1/11111r11 .Ilun1i- 
Mi n larel rlsur. edged in 
.gill. with head tun tl 
and llitti ills at tens t'd in 
Ida( k, t In u Ins Riels :nt. 
tm] -urn lis :sailli bic: Ihi- 
FRO halt-Tim k delco 
or mono letart ling with 

Milt- or gmarttrtrack tereo or nunui phis hat k; I( \IO qu.mtei -u et k lerold- 
ing. stereo or umnr and t1n:n ter ui hall -u ark plan bat k. lgit ul nwuu: 
and FS \I hall -u atL unis letonliug and pi:lsbatk. sill-Ill m mutt. 

NEW COLUMN SPEAKERS 

40 
Atlas Si I Cortina: Ici added a urss liar I if sound tulunms 
the 'Cnluutair." "I he units rm lose .1 sel Ural scu k nt sis adjnsledrange 

nine speakrn that produce a Liu shaped. broad hnrituulal. 11:1110se si litai 
partcrn which tIlct lich ins its ;eras sshrc adscrsc conditions of rastr- 
brr;uinn and otiose it Ircd bark isIsls. 

( :urrrnII nso models :rte asailable: a 911 -wall mon measol log - 1 "\-1'42s 
and a .101satt nnitltl iut.lsuring S "sri "x12 ". Units nias hr I:n% side. or 
ruiner nlitllnitd. usina an all -purpose brat Let supplied with the rut lustre. 
The enclostur itself is of heavy gauge steel. lined .sigh 1 utiles" aruustic 
padding tu present n ,motu. 

MANUFACTURERS' LITERATURE 
SEMICONDUCTOR CATALOGUE 

41 
International Ks, talc] poi eiioi 11, issued npto -date -page 
catalogue wild] list os ., v,u s, In It onduttor de, tees including glass 

tener diodes. silicon cunitol ltd Ire ih, us and SCR triggers. silicon small 
power. medium power. high puss 1 .mil super (Moser rectifiers. and tuner 
reference elements. 

March, 1962 

CITIZEN'S 
BAND RADIO 

CBD -5 
5 Channel, 
crystal 
controlled - 
Dual voltage 

12 Volts DC /115 Volts AC ... 3.2 Amps full standby current 
...Transistor power supply ...Highly sensitive, selective, su- 

perheterodye receiver with RF stage ... 2 IF stages...Auto- 
matic noise limiter ...Adjustable quieting squelch ...Full 5 

watt transmitter ...Dual tuned pi- network output circuit ... 
Universal mounting bracket included. 

Five Channel CBD -5 w:1 pair crystals .. ....$179.50 
ALSO AVAILABLE 

Single Channel CBOT w I pair crystals $159.50 

PEARCE - SIMPSON, INC. 
A Leader in Creative Electronics 

2295 N. W. 14th ST., MIAMI 35. FLORIDA 

DEALER INQUIRIES INVITED 

The hand -held 

2 -WAY 
RAD /0 
that outperforms 

'em all! 

Anyone can operate -no license 
required - priced from $109.50! 

Instant contact from office -to -field or on- the -job applications ... 
Viking "Messengers" are delivering outstanding performance! Cut 
operating costs and boost efficiency ... ideal for builders, con- 
tractors, trucking, delivery services, garages or other on- the -job 
applications. Also being used by field crews, plant watchmen and 
security personnel, municipalities and utilities, for personal paging 
in manufacturing plants, warehouses, freight and shipping yards. 
Viking "Messenger" transceivers are available in compact hand- 
held units or more powerful base stations and mobile units. Send 
today for full details. 

- FREE! SEND FOR COLOR BROCHURE 

Please rush "Messenger" details to: 

NAME 

ADDRESS _.. 

CITY __ __ STATE 

E. F. JOHNSON CO. 
2501 10 Av. SW, Waseca, Minn. 

111 
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PHOTO MULTIPLIER POWER TRANSISTOR 

Complete with full instructions and diagrams. For 
use with Remote Control, Burglar Alarms, Count- 
ers, Door Openers, etc. Good Sensi. 
tivity Ea. $2.00 

AMERTRAN PLATE TRANSFORMER 
Primary1. 105.125 V. AC.. 60 v $65.00 

a. 16. Wave 
D 

U 
seN M 2 for FULL 

WAVE at NVAe ea. 2 fOr $120.00 

BC 442 ANTENNA BOX (ARC 5) 
Contains RF Meter 1750 Ma.) Relay. 

;1.95 etc. See Coaxial Relay cony. (C12'. 
March 1960. Price 

pp 

FILAMENT TRANSFORMER 
6.3V. 

110 6 Amp. Small SitearEa 95 
Input í, 10 Amps.. SpVt 

6.3V 
Arndt. 0Ea.á2.75 

DYNAMOTOR SPECIALS 

Input . n sire. t5V ut 
405V ft 280Ma. $5.95 

Carter 

SILICON RECTIFIERS 
PIV Current Pries 
100 500 Ma $ .25 
200 500 Ma .30 00 500 Ma .50 
750 500 Ma .90 

(Items above are Hi 
Efficiency Gold Plated, 
200 750 Ma .30 
400 Ma .50 
100 2 

750 
Amps .35 

PIV 
200 
400 
100 
200 00 

50 
100 
200 

Current Price 
2 Amps $ .55 

1.00 
1.50 
2.75 
3.75 
3.50 .25 
5.00 

15 amps 
15 ps 
IS Amps 
50 Amps 
50 Amps 
SO Amps 

CHOKE -FULLY CASED 
5 HENRY 200 Ma 
5 HENRY h 250 Ma 

10 HENRY 300 MO 
4 HENRY 400 Mil 
4 HENRY 900 MII 
4 HENRY -1 amp. 

1.95 
2.25 
3.00 
3.95 
8.95 

11.95 

BRAND NEW OIL CONDENSERS 
50 MiD 200 VDC 4.50 

2 MFD 0011 S'DC .50 
3 MFD 10111 VDC .60 
4 MFD 000 VDI' .75 
5 MFD 000 UDC .80 
6 MEO 010 S'DC .85 
8 MFD 11111) VI1C .95 

10 INFO 11011 VDC 1.19 
12 MFD 01111 UDC 1.50 
IS FD 000 VDC 1.70 i MFD 10110 VDC .50 

2 MFD I000 VW .70 
MFD 1000 VD(' 1.35 

8 MFD 1010 VIIC 1.95 
10 INFO 1000 VIN'2.50 
12 MFD 111.1 UDC 2.95 
15 MEE. llmll VOI 3.50 

1 MFD 1200 VI)C .45 
1 MFD 1500 WIC .75 
2 MFD 1500 WIC 1.10 
4 MFD trim) VIO. 1.95 
8 INFO 1500 VIN' 2.95 
I MFD : VFW .85 
2 MFD 20001 VDI' 1.50 
4 INFO 2000 VDI 3.50 

6 MFD 2000 VDC .95 
1 MFD :100D VDI' 1.85 
2 MFD :111110 SOC 3.50 
2 MFD 4000 VDC 6.25 
3 INFO 4000 VOC 8.95 

MFD 1000 12.95 
1 MFD 5000 VDC 4.50 
2 FIFO 1000 WPC 8.50 

.5 MFD 7500 WIC 2.95 
I MFD 7500 VDC 6.95 
2 MEO 7500 17.95 
9 MFD 7 500 " 39.50 
2 MFD ID 000 - 29.95 
5 MFD In,000 49.95 
2 MFD 12.500 34.50 
1 MFD 15.000 2.50 
2 MFD 111.000 - 89.50 
1 MFD 20,000 " 59.50 

.S MFD 25,000 " 34.95 
I MFD 25í0n0 - 09.95 

10 MED 1101 AC. 1.95 
30 MEO 930 AC 3.25 
50 MID :1; 0 AC. 4.95 

8 MFD 010 AC. 2.95 

RELAYS 
WARD LEONARD Heavy duty relay CO11 r 
3 Pole ST. 25 Amp contact, G. 51)95 

$1.25 6 Volt AC. SPDT 

6 Volt DC. M.S. Relay DPDT 

B Volt DC. H.S. Relay 3 PST N.0 .65 
GUARDIAN 
11 N.O p& 1 N.C.I 

Pole 
BC,610 

Throw $2.50 

Potter -Brumfield SMSLS 10.000 elm. $2.25 
2 Ma. Sens Ea. 

.95 

Vol 
10 
110 

ContatiSy'DPST 
60 CY. 

Ea. 51.50 
Sens. Relay 11.000 Ohm Coll. _1_Ma 

96.$1.95 Ad,. cont. Armature Tension .. 
.95 12 Volt SPOT HSDC Relay 

12 Volt DPDT DC Relay 
SIGMA type 22RJC 5.000 ohm 
SPOT. small sealed relay 

n Sealed Relay. SPOT, 6.000 ohm $1.95 
G.E. Relay Control. contains 6000 ohm $1 10 relay. sensitivity 2 mils. 10 for 59.25 ea. 

Ea, $1.35 
$2.49 

PANEL METERS 
STANDARD BRANDS 0.500 V. OC ..3.95 

0 -15 Volts AC ...3.95 
0 -1.5 NV 5 95 
0 -2.5 NV ........6.95 
West. Elapsed Time 
Meter 110V -60 Cy. 
0. 99.999.9 Hrs. 
Used -Guaranteed 
ea. 7 95 

2" METERS 
100 -0 -100 Micro. .2.95 
O -I Ma 3.50 
0.50 Ma 2.95 
0.10 Ama, DC 
0.40 Volts 2 95 
IA.36 Volts DC 1.99 
0 -8 amps RF 2 95 

3" METERS 
0.1 Mil DC. 3 SS 
0.500 Mils DC....3.95 

4" METERS 
0 -150 Amps AC (with 
current transi.) .. 5.95 
2500 V. DC ...6.95 

100.0 -100 UA ....5.95 
MISCELLANEOUS SPECIALS 

EIMAC -450 TL. Brand New ..Ea. 535.00 
1521 VACUUM SWITCH. replacement 

1.25 
9 Foot ROIIU with 2.PL259 attached. ea. 1.25 

5 
ST42D. RCutler-Hammer Switch SPDT. ea. .25 
Small 10 MEO. 200 VDC Oil Cap. X14" 

Dia a 21'4-1 Suitable for Crossover 
network ............ ea. .75 

Electrolytic (Mallory) 400 MEO. 
3SOVDC ea. 1.50 

All merchandise sold on a 10 day money back guarantee 
Min. Order 53.00 -25 . with Order- F.O.O. New York 

PEAK 
E L E C T R O N I C S C O M P A N Y 

66 W. Broadway, New York 7, N. Y., WO-2-2370 

Ratings, ch5I iCIIristics. and descriptive data 
on these and mans other desires are covered in a 

condensed tabular Format. Also included is a 

comprehensive listing of )F.DF.0 rectifier types. 
with a cross reference to device classification, rat- 
ing, and page number. 

42 

DIELECTRIC MATERIALS 
Einenon A: Curling, Inc. has issued a con- 
densed catalogue covering an extensive line 

of anechnic chambers. r, g resins, plastic and 
ceramic foams. plastic rods and sheets. plastic 
surface coatings. adhesives. cements. sealants. 
impregnating resins. ceramic dielectrics. shield - 
ings, etc. 

Pertinent specifications arc provided on each 
product grouping with additional technical in- 
formation available from the manufacturer on 
request. 

43 

INSTRUMENT RECORDERS 
Alprohe Instrument Corporation is offering 
a four -page data sheet pros id ing details on 

its new prevision recording instrument which 
features small size. light weight. and low cost. 
The new recorder is being offered in several ver- 
sions for use as a voltmeter. ammeter. or temper- 
ature recorder. Applications arc illustrated and 
technical specifications supplied on all 8 versions 
of the instrument. 

RECTIFIER DATA 

44 
S(nlicOn, Inc. has issued Bulletin No. S -105 
which provides complete details on its silicon 

control rectifiers. llie brochure includes graphs 
and charts illustrating maxinnUu allowable rat - 
ings, electrical charcteristics. reliability specifica- 
tions. quality assurance provisions. V -I character- 
istics, acceptance requirements. mechanical data, 
and suggested applications. 

INSTRUMENTS HANDBOOK 
Forster /Hoover Electronics, Inc. has just 
published a I 2-page. fully illustrated elec- 

tronic instruments handbook which pros-ides 
complete data on a line of equipment for use in 
the fields of nondestructive testing, magnetic 
field measurement. material research, and dimen- 
sion measurement. 

45 
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SPECTROFLUOROMETER DATA 
Fanatic' Optical Co., Inc. 1)ís prepared a 

new brochure Co s Bring the features and op- 
oration of its improved "Spectrofuorometer." 
Andong the improvements is a new attachment 
which permits the measurement of transmission 
or absorption of the sample. 

INDUSTRIAL ANALYZERS 

41 
'.Veston Instruments Division has issued a 

4 -page bulletin discussing the features and 
specifications on four models of circuit anal czi ng 
instruments made In the fine. 

The testers. all designed as portable instru- 
ments, are completely described. Specifications 
include data Du au lit acv of various models in all 
ranges. alppl ii. li nn.. .11111 available accessories. 
The bulletin II.,' Iii, n designated No. 06 -207. 

48 

PRINTED CIRCUIT KITS 
slicro- Circuits C. pat s ha. I i teased an 
8 -page catalogue covering its I ill ire line of 

research kin and electrically condom k coatings. 
The publication contains descriptions and com- 
plete price schnlules on three research and de- 
velopment kits and on a Is ide forge of silver 
paints, special- purpose 1111Ilonic shielding 
paints, aircraft anti -static paints. and resistor 
paints covering the resistance range from helms 
.01 ohm per square to 10,000 nteguhms per 
square. 

49 

POWER -SUPPLY MODULES 
Trio Laboratories, Inc has issued an 8 -page, 
2 -color illustrated catalogue describing its 

nec line of "Custom 'Power" prefabricated. reg- 
ulated power -supph modules designed to pro - 
side, in a wide sa rice of combinations, power 
supplies to custom specifications. assembled from 
off- the -shelf units. 

Ten basic 111.8111 hr "building blocks" arc in- 
cluded in the line and described in detail in 
this new publication. 

FLEXIBLE PRINTED CIRCUITRY 
Garlock Electronic Products has released an 
8 -page engineering manual entitled "Flexible 

Printed Circuitry with Teflon F.E.P. " The bulle- 
tin discusses in detail the three basic compo- 
nents of the coin Palls', process -tile insulator, 
the conductor. and the lircui t. Complete techni- 
cal data on the standard insulating material. con- 
ductor materials. relationship of conductor 
widths. weight, :111íI resistance, insulator thick- 
ness. terminations. and tolerances are included. 

51 

PROFESSIONAL TEST EQUIPMENT 
BAcK Manufacturing Co. has issued its gen. 
eral catalogue No. APIS which corers a com- 

plete line of test equipment for the professional 
technician. Included arc electrical and mechani- 
cal specs on an extensive assortment of tube 
testes. e.o.m.'s, c.t.V.m.'s, circuit analyzers, sig- 
nal tracers. etc. 

SERVO -AMPLIFIER DATA 

52 
M. ten Bosch, Inc. has issued a handy pocket. 
sized brochure on its new "Tramp" ampli- 

fiers and auxiliary components. The publication 
describes these servo- amplifiers in detail and out- 
lines applications for such devices. Auxiliary de- 
vice. such as a surge limiter. regulated power 
supplies, demodulators. and miniature trans- 
formers are also described. 

U.H.F. PREAMPS 

3 
Community Engineering Corporation is of- 
fering a 4 -page, 2 -color bulletin describing 

its new line of u.h.f. ultra -low- - preamplifiers 
for single -channel reception from channels 14 
through 83. General specifications and particular 
m1N1cl specifications for each of the six models in 
the Iinc are included in the bulletin. 

VOLTAGE REGULATORS 
[A Electric Regulator Corporation k now offer. f ing a four -page condensed catalogue cov- 
ering its "Regohnl" voltage regulators. In addi- 
tion to information on functions. features. output 
voltage levels, speciftc'ationv, and comparative 
data there is a table providing full electrical and 
mechanical specifications plus prices. 

COPPER -CLAD LAMINATES 
EE Synthane Corporation has issued a new bro- 
LW chine listing all grades of its copper -clad 
laminated plastics corresponding to NEMA and 
MII, specs. Outstanding characteristics of each 
grade arc described and typical property values 
listed. The brochure also discusses bonding of 
metal foils to laminates, and quality control 
checks employed on all copper -clad materials. 
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DELCO SPEAKER SYSTEM 
Dele° Radio has issued a single -page cima 
sheet covering its No. 0868 two -way speaker 

system. Included is information on the 1 2" 
woofer. the 2 "x 6" twxmer.and the crosvovcr net- 
work used witli the ss.tn). A recommended 
hookup diagram i, included. 

HANDY FLASHLIGHT PROP 
By GLEN F. STILLWELL 

WHEN working het I at TV or radio 
console, in a dark corner, or Icr 

instr vat panel, at flashlight is gen- 
erally used to light the work. To prop 
up Ruch a light so that its heart can he 
directed onto the work, a piece of cor- 
rugated cardboard (available anywhere) 
can he lased. 

Simply can a hole the size of the flash- 
light barrel in the top side of the sheet 
of cardboard. Insert the flashlight and 
this will prop it up in the exact posit 
desired, leasing both hands free to make 
any adjustment necessary. 

112 ELECTRONICS WORLD 
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Citizens Radio Service License Serial Numbers 
TILE Citizens Radio tier. ire. the 

registered serial! number appearing 
on each sea license doe tot is re- 
quired . the Federal C al b 
Cum mission . rules to be used also as the 
radio station call -sign. In the past these 
serial numbers have been made up of an 
arbitrary arrangement of one or two 
digits, or two call -letters, followed by 
a four-digit serial her. Because these 
serial number -call signs bear no resent:- 
braille(' to call signs issued in accordance 

ilt, intern al agreement, it has been 
decided that all future serial nunlaers of 
(:B slat will be taken fr he inter - 
nal' a rail -sign series available for as- 
-ig nl to Si. s of the U.S. However, 
currently licensed .tat will co n time 
to use the call -serial n `hers issued to 
them ('runt the old series until such time 
ass each license is renewed, lilied, or 
superseded. Licenses will be lilied 
solely for the purpose of changing the 
cos l! -a gn, 

Effective July 1, 1961 for class .t .sta- 
. and January 1, 1962 for class B, C, 

and 1) tat s, the call -signs (serial 
numbers) assigned to set s licensed in 
the Citizen. Radio Service consist of 
three letters followed by four digits. As 
before, the digits will be assigned in 

riea order fr 0001 to 9999 fol- 

lowing each three -letter prefix. Examples 
of such c plete call signs are K(:II- 
1526 and KI /P -2313. 

'floe first letter of each prefix in the 
.tell sign -serial numbers will he the letter 'K tu indicate that the su is li- 
censed b. the l toiled States. The two let - 
ters witielt fallow will have .a s rises 
for record and enforcement purposes of 
the ( and tuas indicate the 
class of station iniopRed (class \, B, C. 
or 1)), the approximate datte of issuance 
of the license. and the !Litho Inspect 
District in witieh the lieensoe has his 
mailing address. Serial n bers begin- 
ning with K through K.tl will be as- 
signed in -VII uenee lo rill SS .t .t8ä115 send 
ma. be re- assigned tu the saure stations, 
indefinite'', oil proper applio. for 
renewal or lilieat . This call -sign 
00 nt in u i t., however, will not he passible 
in the rase of class II, C., or I) st 
where the large number of applications 
and licenses has forced the C s. 
tu adopt streamlined administrative pru- 
dores in (order tu handle the workload. 

(luring the calendar year 1962, all 
class B .(action license serial numbers will 
be identified Io. the prefix K.1(, all slats. 
(: h. the pte lis K tli. and class I) sea- 

sin the turi:rars Radii) Inspect Uis- 
lricl. h. profs... KB .t through KJE A 

SIGNAI, CO1{l'S MEASURES GLACIER BY RADIO SOUNDING 

AR tUIO -s ling technique being 
developed by the U.S..trnty Signal 

Cures to plumb polar ice has been suc- 
cessfully used tu measure the depth of a 
massive glacier. 20 utiles south of 
I- II.nure Island in northern Canada. 

The radio -s ling method entails 
c measuring the fra of a see I it 

takes for signals tu penetrate ivy depths 
and return tu a receiver after reflecting 
off the lerl.ing 'mil, rock, or water. 
The velocity tl gle the ice is al t half 
the 186,000 miles- per -set I at which 

radio wares travel through the 
phere. The speed of the new method 
makes it especial. pruutising fur obtain- 
ing a better picture of the gegraphie 
features hidden by the ice in vas! 
stretches of the antarctic. 

The work vats done by .- tnrory Il. 
Waite. Jr., a veteran engineer explorer 
of the U.S. .trm. Signal Research and 
I)otchupnunt Laburatur., who pioneered 
radio s ling of ice, along with Dr. 
Grnot M. R. Winkler and Stanley J. 
Sul It, of the Labs. 

USSR TECHNICAL GRADUATES TOPS U.S. BY 200 -300% 
AM tJOII catalysis of Soviet educa- 

tion published recently by the \a- 
I Science F lalion indicates that 

the Soviet Union is producing two to 
three tinges as nuury scientific and tech - 
nical profess' al graduates yearly as is 
the United States. 

In aeldil Soviet production of sci- 
ence and engineering profess als is 
seen as accelerating throughout the 
1960's, reflecting the total Soviet e 
mintiest! to developing science and tech- 
nology as economic and political 
weapons of the state. 

The extent of the orient: Soviet 
higher ethic: toward science and 
led logy is measured by the fact that 
about 37 per -cent of all 1.959 graduates 
at the bachelor degree level were in engi- 
nering, sciences, and selected applied 
science fields, a pared with 2I per -cent 
in the U.S. 

The profess ad instruction pro.ided 
these graduates, atl gh exten -ive in 
f Itsuncntaals of seienees and engineer- 
ing- was found to be directed toward nar- 
rowly dtfined specialties with the main 
purpose of equipping the individual stu- 
dnt to perform a speci fir task. 

It was also noted that support of edu- 
rattiun is strong. and upwards of live per- 
cent of the gross na al product is cur 

March, 1962 

rent'. spent lo the Sonict l! on edu- 
cation (as e pared with a1 3.6 per 
cent in the fuite(' Stalles). 

\\ jilt only half as Hamy higher .duca- t graduates a. the 11..S., the Soviet 
Union has a greater number of profes- 

s al. iii .1iouiti lie, engineering. and 
other applied scince fields, and tho 
So. ici rate of growth in these fields is 
1114 ne chaut lwice alai of the United Stales. 
\\ hile we produce al 90,000 engi- 
neerin. science, and applied science pru- 
1cssduual. each .ear, the So. ict l' s 
produr ' is current!. 190,0(10 annu- 
al!., Prattler s indicate that during the 
decade of the 1960's the Soviet rasse w ill 
reach 250.00(1 amui :all., 

The study also evaluated the quality of 
Suitt higher cd t and concluded 
That alti gh qualitative vatriatiun in the 
Soviet effort is substantial, Soviet profes- 
s al higher education in most scientilic 
and engineering fields is at least equiva- 
lent tu. and s extensive 
than in U d States our West European 
instituions of higher Iarning. To de- 
.elop high c petenc and to select stu- 
dnts for profess' al training, earl, os- 
p(osure lo the sci on ors and mathematics 
in So% jet set far. ...Iliad. is mandator.. 
Ont -third of the currioulunt is devoted to 
these subjects. 

BUILD THE FINEST 

Pt, .fe 
CUSTOMIZED 

TV KIT 
On Easy "Pay As You Wire" Terms 
Only $15 for the Starting Package! 

The 
"PROFESSIONAL" 

Series- designed for 
the perfectionist seeking 

the finest in TV performance. 
Easy to assemble. No technical 
knowledge required. An ideal 

"Learning" Kit with a Complete 
Course of Study is available. 

Also available: 
WIRED 

CHASSIS 
for custom 

installations 
with a choice 

of vertical or horizontal 
controls and the newest 

19 ", 23" or 27" 
Picture Tube. 

Beautiful Cabinets - 
designed to enhance sound quality and blend with 
modern decor. For TV or combination TV and Hi -Fi. 

A few of the Professional Quality Features: 
Choice of push -pull 10 -watt audio or output 
to your Hi -Fi system ... D.C. restoration ... 
Ultra -linear sweep circuits...Newest Stand- 
ard Coil Model PKO Automatic Fine Tuner 

. Super -sensitivity for fringe areas . 

Complete line of Accessories for Custom In- 
stallations. 
Choice of 19 ", 23" or 27" CRT. Prices range 
from $119 to $199. 
U.S. Armed Services and over 4000 schools and 
colleges have selected Transvision Receivers for 
educational television. 

90s54sedled is ClecLiomcs? 
Learn the basic principles of elec- c 
tronics from the Course available with the Kit. 

ASSEMBLY MANUAL -$2.00 
See how easy it is to assemble the Transvision 

Kit. Cost of Manual refunded on purchase of Kit. 

teeVigiAla New Rochelle, N.Y. 

` NE 6-6000 
START NOW - MAIL THIS COUeON... 

TRANSVISION Electronics, Inc., New Rochelle, WY Dept. EW 

Send FREE 8.page Catalog...] I enclose $2 Inc Assembly 

Manual, refundable on purchase of Kit. 

I enclose $15 for Starting Pkg. on Day.asyou -wire plan. 
(Complete Kits range from $119 to $199.) 

Name 

Address 

City Zone State 
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1[r 11 
LORAN APN -4 

FINE QUALITY 
NAVIGATIONAL EQUIPMENT 

"Pli lc plia Ilion of ,our L,rat n 
neclser complete with all lulu.. 

i ND APN4. and RECEIVER $49.50 II 'OH 1`A 8 "1. .:' r With 12 5. EXC. 
l lillll.\ND r- Indicatoe ..Nf:s\ $88.50 

INVERTER POWER SUPPLY for Loran. Malle lr) ',hp., 
INPUT: 21 V Dl' or 71 A. "IC'TI't'T: 

1 Amp.. Mt 1 

r 
I le,, ('0101,1(.11. . 

. plug- BRAND NEW 548'50 
_ r Power Supply. 1.1k, New. 1. 1 

s\, r.,r) 
1 

nuit p, l.rlint of snare part. for a03s... 

LORAN APN /4 
OSCILLOSCOPE 

Easily converted for use on 
radio -TV service bench. 
LIKE NEW! Supplied with 

D 

IS 

ci. yq 
5" Scope. type $14.50 
SCPT only 

LORAN R -65 /APN -9 RECEIVER 
r ß INDICATOR 

,ml aircraft. Detcr- 
- h) radio signale 

mitten. C,,çine to 
I I r diataoee. complete 

witll ír$12. _ Exc. tala $79.50 Value 1.1200.00 Our Price 
1'9,91 1.99 ui ,. ..r,.trl and vim, hut. with 1111111 

529.50 
INVERTER POWER SUPPLY. INPUT: 24 V D(', t T 
I.cr: 115 V AI. ilIt AND NEW' $49.50 
12 -Volt Inverter Power Supply. 1.160 New 1.V.Ií. 
Shock Mount for above ... .. ..... .....$2.95 

pings allf,le. í uli diagram :nul r nneribig pin va 
We carry a complete line of spare parts for above. 

BC -433 RADIO COMPASS RECEIVER 
200 to 1750 Kc in 3 bands. 28 V DC 
power supply required. Complete with $21.50 15 tubes. BRAND NEW `P 

ASB -5 'SCOPE INDICATOR 
NEW. (get er 

wi all tubes. together ..-_ - s with SBPI 'Scope 
Tube Originally used ' In Navy Aircraft 
RADAR enerted f 
IS:I. i converted for 'I VAU 

operation. 
9230.001 

_ OUR LOW 
S PRICE 
@ 

1 5.95 

APN -1 FM 
420 to 460 Mc 
Tulles: 4.955. 3- 

R150: Complete 
APN -1 exc. Used 

TRANSMITTER RECEIVER 
Aircraft Radio :dtimeter equipment. 

- 125J7. 4.125117. 2.12116. 
$9 95 with tubes. brand new 

$6 95 .. 

ANN -5 -C AIRBORNE EquiPrm ul. - .11,1. 

,. 1 1 'lt 1 ESN r:. \.I :. 11(.d 
-'nano 

it 
..: 

i. channel.. 111te new. $12.99 

BC 
+` 
R I \, 

1 ' 
-906 FREQ. METER -SPECIAL 

Cavity type, 143 to 235 Mc. 
BRAND NEW- complete with 
antenna. Manual and original 
ralibratlon (hurts included. 

PRICÉOW $10.88 
_..1.--1. BC -221 FREQUENCY METER 

SPECIAL BUY: T es excellent Irertut í0.l si.mdard Is r urpot -d with 
ranges 

1 

Co..? 
.. 

i 
125 KC 

Charts. and has Iron, 
125 KC to 20.000 Sic with crystal Chetk 
original 

in an ranges. C.O. Used with ` .! - al LIK ion Book. Crystal. and 
11 tables-LIKE NEW! 

C I'll I $72.50 Modulated $99.50 A 133 - 
1 A.C. .nppl. made. for 

l;r lv.e wIri 01._!1. Wirdl':rnut $18.95 

BC638A FREBUENCY METER 100 -156 Mc. ta l con. 
trolled. Rack mounting. For 110V AC operation. Less 
crystals. BRAND NEW 529.50 

TS-16 'APR TEST SET 
l'.. . nlm I c0lihrcUoet of 

allirn1.t(.r M:rs he 
1 

i r ,1, r l nulof count U'rl and gDeli. 
1,11,1 w1,1111 .rf t liter. 

elio-9 
r, n 

Iln10 
11 ItVEr..11t' InputÇ' 

BR4ÑOriNÉWI. I a95 

AN ARN-6 RADIO COMPASS EQUIPMENT 

MICROPHONES EXC. 
Description USED "N" 1 NEW T.17 . 1 I Ernl Mike.... 54.45 S6. . 

RS -38. '.. .\ rs-sl Tape Carleon Nand MIS.... 4.75 I 
HEADPHONES Excellent BRAND 1 

rl Deseauon Used NEW Hsr, -23.. high Impedance $2.19.. $4.49 US -33.. Low Impedance 2.49.. 4.59 1 M530 ....I..w Imp. .featherwt.t .90... 1.6 -16 U.. .1ä:d1 Imp. .2 unta 3.75... 7.95 I TELEPHONICS -ONO ohm low Impedance IIk:AD- t:1S. RRANI. NEW. PER 1-AIR 53.25 I 
Larphone 
CD.307A Cord.. 

Cushions it fpPLahol 
lua and .11:20 .lack 

.99 IL- 1 - e e l -- - e ms m 1 
SCR -625 MINE DETECTOR 

(,,,,,. i', .a,Iu ,!lint Ill "_. f 9T Cn 

-14 

BC -603 FM RECEIVER 
20 TO 2119 MC. c 
Like new $1895 
BRAND NEW ....... S22.80 

Tun.en.rnnel. pu.9hbutton Or Conlinuou 
ing. Complete wntb peck3.. .128(17. 

tube.: 6Aí'7, 1eaker 2.128(17. 1...... "laiVil. 2.6.1.7. 

r. -r, 
I.. pµß 

pia. 

1.511;.\ sl r CIF In T1.111.á FOR Al WI-. 
r.mrl new In Original rose- 53.95 

FT -237 MOUNTING BASE for BC -603 Rev ;5.95 and flu . wnAflutter. Aflutter. Brand New 

x"'sed é Dynamotor for w1o.P. rc. U 25 Brand New $5r50 
BC -683 FM Receiver. 27 '18.9 Mc. ;33.33 ri:Ip.11t with all tuber, Like New 
4- Section Antenna for BC -603, 493 Receivers. t 

v nts mounting base. BRAND NEW $4.95 
BC-604 TRANSMITTER -Companion tt for IIC -003 Iles. al itou. Walt all tubes. III:ANt, N! w' $6.95 
4.SectIon Antenna for BC604, 684 T Itters. 

We carry 
von motuulna 

all pDRANI) 
Ni' W. 54.95 

s parts le, above. 

SPECIAL! BC -603 FM RECEIVER 
CONVERTED FOR FREQ. RANGE 35 to 50 M. 
BRAND NEWI Checked out. perfect working con- 
dition, ready for operation. Continuous or Push- 
button tuning in 35 to SO Mt. range. $32.50 SPECIAL 

AC POWER SUPPLY FOR BC603, 683 
InIeriu:ti::ralde. ngarr. d'. i s IL- 01.-Off 

NO Itr(\'it. tIANGI. 5t!kt FI latom.1,rl 
\DCa tt 80 Ma. 24VAC O 2 Amps $10.25 
Complete 240 -name Techn cal Manual for OC -603. 
604 53 t 

BC -605 INTERPHONE AMPLIFIER for above. 
BRAND NEW Each $4.95 

SCR -522 2 -METER RIG! 
Terrill[ buy: VHF Transmitter. receiver. 100.156 Mc. 

4 channels. Xtattontrolled. Amplitude modulated 
voice. Theyre going lasU Excellent condition. 

CR,. Transmitter- 
Receiver. complete with all lb 

COMBINATION.aLike1fnew 
Case. $29.50 

FAMOUS BC -645 TRANSCEIVER 
15 Tubes 435 to 500 MC 
Can he modified for 2 -pa)' X14 r- 
e Inic:am 
me. In ham band 410 -49ií r 

me. 
me. tc and sionilu 450- 
m . citizen. rialto 461.470 

0 

a 
mc 

television eper- 
tal 470.500 me. 15 

ape. Itlllws alone worth 

- 
-.than sale 1,1í.8d: J- 

4 -7117. 2 -7E6- 2 - 
2 -955 and 1 -Wk:- NEW 1Ìa1. Now s 410 t 

íglly me. Drool new 01.1845 w'lth tube le99 1,.w el 
'carton. factory 

Shipping weight 25 tbs. SPECIAL!... $19.50 
PE -101C Dynamotor. 12 215' input $7.95 
UHF Antenna Asembly 2.5 
Complete Set of 10 Pluto 5.50 
Control Sox 2.25 

SPECIAL "PACKAGE' OFFER: 
11C1115 tram -eelo ern Dynamotor a nd all 

a 

' es 
above. OMIIs.tF, DRAM/ NEW. $29.50 wII I, .9.,16. I i i sF 

ATTENTION: IMPORTERS -EXPORTERS 

of ELECTRONIC EQUIPMENT 
We specialize In the export of electronic equipment. 
Parts. and Electronic Tubes at LOWEST prevailing 
prices. All packing and Shipping is made directly 
from our rehouses in NYC. to give you sap 

citntial savings in handling costs, Your inquiries in- 
ed. 

TUNING METER 
2- dl.nt. T 
1 ohms 111. $1.49 Ihra isrn \ 1',, 
Lot. of 7 or nll,. ,.,,h. $1.25 

LIMITED QUANTITY SPECIALS! 
BC-312 MOBILE RECEIVER tl ban -.1111 Kr to IN 
Me. N'itt,T,Ihe.:r 14 V UynamOn, ., .N.ss' S72.50 
BC 314 RECEIVER I:,o.l:roil Kr' r on t lotion, Toning. 
I.1..o991, hur I 1 \' Irr oP, 1:n inn. Like New 239.30 
BC -342 RECEIVER I.5 to IM Mc. AC only. Excellent l'...el $72.50 
BC 348 SUPERHET RECEIVER . ton Kr anal 1.5 
11, 191.1 Me. . kan (AV. Self -rumio 

1\' \In Iii motor Mr 
ARW -26 RADIO REMOTE CONTROL RECEIVER lo to rr i1. 11:111er)' opera[rol. 1.,.9- Nett9. 

11111e, 110112. OM,. 7.1111.. Hraml sew $9.95 
AN APT -5 AIRBORNE RADAR SET. with 111111.9 Like 

$49.50 
nC 6 WALKIE-TALKIE TIa with ex 

I k \I rrrinir.i ha, 17 to -.. 1 Ste. li el anne19 hatter!, 
re-H 

I 

, 

.1111 

i 19 New le -. (rite. Each S98í.50 
it 

TG-34A KEYEq, . r. .eA. Iike n . . 

.Ir. 
.521.50 

T:iPr r... .rhts,. .nIII Rl.ta.l. Set n/v15, P 

SCHEMATIC DIAGRAMS r :r,,T 5;a1eolp; ;r"t. 650 

o,.Ren ,nand Deposit tb order-Balance C.O.D.. 
r Rem Full SOC NantllAn 9 Charges 

Warehouse. 
all orders 

Antler 55.00. (411 shipments C.O.B. wet 
and 

. Ñ.Y.C. Ad MOrchan0ise subject to Prier Sale an0 Price Change. 

G & G RADIO SUPPLY CO. 
Telephone: CO 7 -4605 

Mail Omer Retail Sales 
51 Vesey St. 75 -77 Leonard St. 

New York 7, N. Y. New York 13, N. Y. 

ARC-3 
RECEIVER! 

w 111 All 
Tubes ExC. 
Used - Ìlll ü.,lf '21.50 Like NEW 
Used .. ... 314.95 Ìt e "1 I 

ayat banes 
to 156 MC.. AM.. 

"n 
o11tel 

channels. 29 -volt DC plower Input. Tubes: 1.9002. 
6.64115. 1.121647. 3.12507. 1.9001. 1.12X6. 
2.125747. 1- 129L7. 1.1246. 

ARC -3 TRANSMITTER 
Comp:nnm Ionic for :hove. Mtn, 100 to 17.0 \i( , n 
any n Preseleeted channels. 

t 
Itry.t.l eon. 

It9lleir. prattles tone and voice lotIn n. 2711' 
2' I.."er Input Complete "h all s169á tubes: 3.,.Y6. 2 -832A. 1.125H7. 1 -945, 
.01.0. Exc. Used Only 

Like new condition. ....................522.50 
\I:..:, 1'1'5111111l'IIN t'r IN'l'IAN. It0N 55.95 

R77/ARC-3 RECEIVER POWER SUPPLY 

III 

í t311.í. k:Tk: KIm 4.1 17111' S 

1..8(.91. ICI :191, ro ,pl r.,9í $19.95 

AN'ART -13 100 -WATT XMTR 
11 CHANNELS .+. 
200 -1500 Kc 

2 to 18.1 Mc 

$695_9. 
ns:arr1+ 

{¡ 1, 
1:SaT, --... 

C."plate wan Tubes -' - -7777-- y 

\Mown° Ancroft Trim-, - -A \I, 
\ Irk r M a ' of 1.1 ',1 ,.tr115Ir. 

í1- . ;: 1 nSpeechli amplifier Ici.I Ier u 
Ike. Ileghlm .1:11.1 11:111 

. 

tap 01. 
í111.'b. ig Built Pe Ntrl r nittollell calibrator. ,, " l'1'I I I- I ,.Inlat. $I'I Ii oI lip t eta., "11.' 

\ Neal "HOT" Hnm buy 
let 

our low [price! Orig. cost 

AN IART13 XMTR as above. Like New .. $09.50 
0.16 Low Free Ose. Coal for ART 13 7.95 
24V Dynamotor for ART 13. 11.95 
Same a. move less meter. ......... 39.50 
We carry complete Ine of soare arts Tor above. r SCR -274 COMMAND EQUIPMENT 

ALL COMPLETE WITH TUBES LIke 
Tyke 0 ration Used NEW 

Ht ;:,:: Ite,eleer Ion550 EC $12.95 114.93 
Ill' -- 54 Itere Der 3.0 MC *0.5 12.43 
111'45.5 /teems*, 6.9 Me 11.50 13.95 
Marine Receiver 1500.3000 KC Brand New ..$10.95 

110 Volt AC Power Stail' Kit. for all 'R IN 
H,aeIVeta. Complete with metal $7.95 

I.'lebt' 1s ".II "IVMC.l, ready t . í.l$11.50 
(TUNING SPLINED KNOB for 274 -N and ANC-5 

RECEIVERS. F IVF:IIS. FII, 11t' -453. BC4 54 and 
inhere 

4B4 
I Only 

sDl 

9C -467 I77ER -4 -5.3 Mc. cumplele 
w 1h :III ashes and crystal. IIRANII NF:\t'.. $9.75 
BC -458 TRANSMITTER -5.3 to 7 Me. Complete Willi 
all tall..- and .ry.tarl. $9í150 
719 TRANSMITTER W .c Complete with $9.95 

and Crystal. 1x8 Used 
I1, I .... s\I,uh,Inllr ..USED 3.45 NEW 5.95 
MD) (Modulator. 1.160 New......... ..$9.95 

I_ AM_ ACCESSORIES AVAILABLE FOR ABOVE 

BC1 206-C BEACON RECEIVER 
193 to 420 Mc. made by 

Setchel - Carlson. Works on 
24 -28 volts DC. 135 Nc. IF. 
Complete with 5 tubes. Size 
4" o 4' o 6 ". Wt. 4 $9.99 9 Ills. BRAND NEW. 

5.95 
2.95 

MOBILE- MARINE DYNAMOTOR 
Model DM35 

moot 12V DC. Output: 625 V / 
a tik ' intermlent ionlor - 

ShpC. wt. 14 lbs. 
OUR LOW PRICE. I ;10.951 -. 
BRAND NEW 

OTHER DYNAMOTOR VALUES: Excellent BRAND 
Type Input Output Used NEW 
DM 32A 28V 1.1A 250V .OSA 2.45 4.45 
DM -33A 28V SA 575V .16A 

28V 7A 540V .254 1.95 3.75 
DM -3411 12V 24 220V .080A 4.15 5.50 
DM53A 28V 1.4A 220V .080A 3.75 5.45 
DM -64A 12V 5.IA 27SV .1504 7.95 
PE 73C 28V 20A 1000V .350A 8.95 14.95 
PE -86 28V 1.25A 250V .0504 2.75 3.85 

0M 424 DYNAMOTOR. !mod 12 \'I. 

\\'t9. i- III[ \\i .. 

DM -37 DYNAMOTOP \ 
dui 1.21 \- Id" _ .. 

2 VOLT BATTERY "PACKAGE" 
i -2V. 20 Ann. Hr. 

Battery. \lodel = _ _ , 
bu .............. 

c P. ) 
I -2V. ñr ont synchronous eux.10 Vibrato. 1- tuarl Bottle Ftectoly te fifer 

ALCM AND NEW[ $5145 Combination Price .. 

WILLARD 6 -VOLT MIDGET 
STORAGE BATTERY 

I :11m1,. Ilan. BRAND NEW. 

I)I y $2.95 

ELECTRONICS WORLD 
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ELECTRONICS MARKET PLACE 
RATE: 60C per word. Minimum 10 words. May issue 

ELECTRONICS 
ENGINEERING 

AND INSTRUCTION 
USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog Free. (Courses 
Bought.) Lee Mountain, Pisgah, Alabama. 

"EARN $150 weekly Mechanical, Electronic Drafting. 
Send $2 first lesson, $25 complete home study course. 
PRIOR, INC., 23 -09 169 Street, Whitestone 57, New 
York." 

ELECTRONICS! Associate degree -29 months. Techni- 
cians, field engineers, specialists in communications, 
missiles, computers, radar, automation. Start February, 
September. Valparaiso Technical Institute, Dept. N, 
Valparaiso, Indiana. 

FOR SALE 
TV Tuners -Rebuilt or Exchanged $9.95 complete - 
all types -fast, guaranteed service. Send tuner with 
all parts to: L. A. Tuner Exchange, 4611 West letter. 
son Blvd., Los Angeles 16, California. 
TUBES -TV, Radio, Transmitting And Industrial Types 
At Sensibly Low Prices. New. Guaranteed, 1st Qual. 
icy, Top Name Brands Only. Write For Free Catalog 
or Call WAlker 5 -7000. Barry Electronics Corp., 512 
Broadway, New York 12N, N. Y. 

DIAGRAMS for repairing radios $1.00. Television $2.00. 
Give make, model. Diagram Service, Box 672 -E, Hart. 
ford 1, Conn. 

GOVERNMENT Surplus Receivers, Transmitters, Snoop. 
erscopes, Parabolic Reflectors, Picture Catalog 100. 
Meshna, Malden 48. Mass. 

GOVERNMENT Sells Surplus: - Electronics: Oscillo. 
scopes; Transceivers; Test Equipment: Radar; Sonar; 
Walkie- Talkie: Boats: Jeeps; Aircrafts: Misc.- -Send 
for "U.S. Depot Directory 8 Procedures"-$1.00- 
Brody, Box 425(RTI, Nanuet. New York. 

PROFESSIONAL Electronic Projects -Organs, Timers, 
Computers, Industrial, etc. -$1 up. List Free. Parks, 
Box 1665, Lake City, Seattle 55, Wash. 

BEFORE You Buy Receiving Tubes or Hi -Fi Components 
send now for your giant Free Zalytron current catalog - 
featuring nationally known Zalytron First Quality TV- 
Radio Tubes, Hi -Fi Stereo Systems. Kits, Parts. etc. 
All priced to Save You Plenty -Why Pay More? Zalytron 
Tube Corp., 220 W. 42nd St.. NYC. 

JUST Out! New 324.page, illustrated Catalog offering 
savings up to 50% on over 100,000 auto parts and 
accessories, everything to renew, rebuild, renovate 
'28 -'31 Model "A" Fords. All Makes (1920 to 1962 
models), trucks, foreign and sports cars. Hollywood 
accessories, custom styling, Hi -Speed Equipment. Send 
25C for postage. packing -refundable on first order. 
Whitney, 1919 TT -2, Archer, Chicago 16, III. 
PRECISION Resistors, carbon deposit. Guaranteed 1 °b 
accuracy. Millions in stock. 1/2-watt, 8C. 1 -watt. 12e. 
2 -watt, 15C. Leading manufacturer. Rock Distributing 
Co., 902 Corwin Rd.. Rochester 10, N.Y. 

SAVE dollars on radio, TV- tubes, parts at less than 
manufacturer's cost. 100% guaranteed! No rebrands. 
pulls. Request Bargain Bulletin. United Radio, 1000 -W, 
Newark, N.J. 

PRINTED CIRCUITS. free catalog lists hundreds of cir- 
cuits. Cloud "9" Engineering, Brookdale, California. 
TUBES, 60-10 off. 1st quality. Brand new and guaran- 
teed. Top name brands. Edison Tubes Co., Menlo Park, 
N.J. 

SCHEMATIC Diagrams, Exact Replacement Parts Orders: 
Japanese transistor or tube radios, recorders, trans. 
ceivers, electronics equipment. Give model and manu. 
facturer, $1. Techservices, CPO 849, Tokyo. Japan. 

SCHEMATICS for repairing TV $1.50, radio, 75C. Give 
make, model. Schematics Unlimited, P.O. Box 65 -E, 
Flushing 64, New York. 

SUPERSENSITIVE Directional microphone picks up a 
whisper at great distances. Used by investigators to 
record faint sounds without being detected. Easily 
constructed for about $7. Step by step plans, $1.95. 
Dee Company, Box 7263 -D, Houston 18, Texas. 

CONVERT any television to sensitive big- screen oscil- 
loscope. Only minor changes necessary. Plans $1.95. 
Relco. Box 10563 -A. Houston 18, Texas. 

SLEEP Teaching Record. $5.95 T.V. Course & Tube 
Tester $16.95 Radio's Fixed $7.98 C. James, P.O. Box 
929, Indio, California. 
ELECTRONIC IGNITION, Transistorized. Improves per- 
formance, saves gas, tuneups. Literature. Palmer 
Electronics. Carlisle, Massachusetts. 

"SURPLUS Electronics, Optics. Free Catalog. Thermo- 
electric Devices, Inc., 302 Massachusetts Ave., Cam- 
bridge, Mass." 

March, 1962 

closes March Ist. Send order and remittance to: ELECTRONICS WORLD, One Park Ave., N. Y 

TINY wireless gadget broadcasts secretly to recorder, 
radio. Easily built. Inexpensive. Simple plans $1.95. 
Dee Company, Box 7263 -M, Houston 8, Texas. 
BUILD 1 transistor geiger counter. Amazingly sensitive. 
Simple plans $2.00. Relco, box 10563 -B, Houston 18, 
Texas. 

CLOSING our large stock electronic parts, tubes, etc. 
Free lists. Special 100 assorted resistors $1.65. Pot- 
ter, 2004 Maddi, Kansas City 32, Mo. 
ELECTRIC meters. Picture catalog 10e. Steller, 624 
Drumwood. McMinnville, Oregon. 

WANTED 
QUICKSILVER, Platinum, Silver, Gold. Ores Analyzed. 
Free Circular- Mercury Terminal, Norwood, Massa- 
chusetts. 
CASH Paid! Sell your surplus electronic tubes. Want 
unused, Clean radio and TV receiving. transmitting 
special purpose, Magnetrons, Klystrons, broadcast 
types. Want military and commercial lab 'test equip- 
ment such as G.R.H.P., AN UPM prefix. Also want 
commercial Ham Receivers and Transmitters. For a 
Fair Deal write: Barry Electronics Corp., 512 Broad- 
way, New York 12, N. Y. (Walker 5- 7000). 
TRIGGER -W91V1 We Buy Shortwave Equipment For 
Cash. 7361 W. North, River Forest, Ill. Phone PR 
1 -8616. Chicago TU -9 -6429. 
USED Power Supply. Input: 220 Vac, 60 cycle, Single 
Phase. Output; 28 VDC @ 75 to 100 amperes. Contact 
Connecticut School of Electronics, 586 Boulevard, New 
Haven, Connecticut. 
INVENTORS seeking cash or royalties for patented; 
unpatented inventions or ideas, write: Casco, Mills 
Bldg., Washington 6, D.C. 

TAPE AND RECORDERS 
TAPE Recorders, HI -FI Components. Sleep Learning 
Equipment. Tapes. Unusual Values. Free Catalog. Dress. 
ner, 1523 EW Jericho Turnpike, New Hyde Park, N.Y. 
RENT Stereo Tapes -over 2,500 Different -all major 
labels -free catalog. Stereo -Parti, 811G, Centinela 
Ave.. Inglewood 3. California. 
DON'T Buy Hi-Fi components, kits, tape. tape record 
ers until you get our low, low return mail quotes. "We 
Guarantee Not To Be Undersold." Wholesale catalog 
free. Easy time payment plan, 10% down -up to 24 
mos. to pay. Hi.Fidelity Center, 220NC E. 23 St., New 
York 10, N. Y. 

SELF -Hypnosis. New concept teaches you quickly by 
tape or LP- record. Free literature. McKinley Publishers, 
Dept. T6. Box 3038, San Bernardino, California. 
4 TR Stereo Tapes -bought, sold, rented, traded! Free 
Catalogzbargain closeouts. (Columbia) 9651 Foxbury, 
Rivera, California. 
SAVE 30 °i, Stereo music on tape. Free bargain catalog/ 
blank tape 'recorders 'norelco speakers. Saxitone, 1776 
Columbia Rnad. Washington. D.C. 

HIGH -FIDELITY - 

PROMPT Delivery We Will Not 8e Undersold. Ampli 
fiers, Tape Recorders, Tuners, Etc. No Catalogs, Air 
Mail Quotes. Compare. L. M. Brown Sales Corp., Dept. 
W. 239 E. 24 St., N. Y. 10, N. Y. 

DISGUSTED with "Hi" Hi.Fi Prices? Unusual Dis- 
counts On Your High Fidelity Requirements. Write. 
Key Electronics. 120 Liberty St., New York 6, N. Y. 
Cloverdale 8-4288. 
RECORDERS, Components! Free wholesale catalogue! 
Carston. 125 -R, East 88. N.Y.C. 28. 
PRICES? The Best! Factory -sealed Hi -Fi Components' 
Yes! Send for free catalog. Audion- Roslyn. N.Y. 

USED HiFi Bought-Sold-Highest Prices Paid. All guar- 
anteed. Douglas Radio Bargain Basement, 128 Green- 
wich St., N.Y. 6, WOrth 4 -0470. 

. GOVERNMENT 
SURPLUS 

JEEPS $278, Airplanes $159, Boats $7.88, generators 
$2.68, typewriters $8.79, are typical government sur. 
plus sale prices- Buy 10,001 items wholesale, direct. 
Full details. 627 locations, procedure, only $1.00. Sur. 
plus, Box 789C9Z, York, Penna. 

SOMEONE "borrowing" your personal copy of Elec- 
tronics World each month? You ought to be taking ad 
vantage of Electronics World convenient re -sale plan. 
Sell copies in your store ... perform a good service 
for your customers ... with no risk involved. For de- 
tails. write: Direct Sales Department, Electronics 
World. One Park Avenue. New York 16, New York. 

PATENTS 

C. 16, N. Y. 

PATENT Searches. $6.00. For free Invention Record, 
and "Information Inventor's Need," Write: Miss Fley- 
ward, 1029 Vermont Avenue, N.W -, Washington 5. D.C. 
WRITE Martin Lincoln, Electronics World, 1 Park Ave- 
nue. New York 16, N.Y. for information on how to place 
a classified ad in this section. 

SHOPPING GUIDE 
CLASSIFIED 

A HANDY GUIDE TO PRODUCTS, NOT NECESSARILY 
ELECTRONIC, BUT OF WIDE GENERAL INTEREST. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

SCIENCE Bargains -Request Free Giant Catalog "CJ" 
144 pages- Astronomical Telescopes, Microscopes, 

Lenses, Binoculars. Kits, Parts. War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey, 
MURALS Wall Size From Your Slides or our Negatives. 
Brochure 50C. Al Greene, Stage 9, 1333 South Hope, 
Los Angeles 15, Calif. 
FREE Photo Novelty Mirror or button with roll, 12 
jumbo prints 40C. EEDY, 5533H Milwaukee Avenue, 
Chicago, Illinois. 

STAMPS AND COINS 
TERRIFIC Stamp Bargain! Israel -Iceland -San Marino - 
plus triangle set -Plus Antigua- Borneo -Virgin -Scouts- 
Congo -Russia -Plus large stamp book -all four offers 
free -Send 10C for mailing cost. Empire Stamp Cor- 
poration, Dept. Z2, Toronto, Canada. 

WOW! 110 All Different Germany 10C! Zeppelins, Semi - 
Postals, Airmails, High values, etc. Giant Catalog, bar. 
gain lists included with beautiful approvals. James- 
town Stamp, Dept. A32EG, Jamestown, N.Y. 

HELP WANTED 
HIGH Paying lobs in Foreign lands! Send $2.00 for 
complete scoop! Foreign Opportunities, Box 172, Co- 
lumbus 16, Ohio. 
EARN Extra money selling advertising book matches. 
Free Samples furnished. Matchcorp, Dept. MD -12, 
Chicago 32. III. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your recorder, 
phonograph. Astonishing details, sensational catalog 
free! Sleep- Learning Association. Box 24 -ID, Olympia, 
Washington. 

BUSINESS 
OPPORTUNITIES 

SECOND Income horn Oil Can End Your Toil! Free 
Book and Oilfield Maps! National Petroleum, Pan. 
American Bank Building -PP. Miami 32, Florida. 
FREE Book "990 Successful, Little -Known Businesses," 
Work home! Plymouth -555W, Brooklyn 4, New York. 
MAKE $25 -$50 Week, clipping newspaper items for 
publishers. Some clippings worth $5.00 each. Par- 
ticulars free- National, 81 -DG, Knickerbocker Station, 
New York. 
I Made $40,000.00 Year by Mail Order! Helped others 
make money! Start with $10.00 -Free Proof, Torrey, 
Box 3566 -N, Oklahoma City 6, Oklahoma. 
MAILMAN Brings Us $150 Daily. Operate Home Mail 
Order Business. Write Publicity, Box 727ZE, Kalamazoo, 
Michigan. 
FREE Book "711 Bizarre, Successful Ventures," How 
I retired. Work home! Haylings -MP, Carlsbad, Calif. 
SALES And Service Agencies wanted in choice terri- 
tories to handle Aerotron's Complete line of high per- 
formance VHF -FM mobile two -way radio equipment. 
Qualified applicants will be contacted in person for in- 
terview. For details, write Tom Geraghty, Sales Man- 
ager. Dept. E, Aeronautical Electronics, Inc., P.O. Box 
6527, Raleigh, N.C. 

115 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


FREE Literature: $50 Weekly, Clipping Local Newspa- 
pers." Some items worth 510. Crystal co 28.CPE.2. 
Millburn. New Jersey. 

MISCELLANEOUS 
PRINTING Presses, Type, Supplies. Lists 4C. Turn - 
bough Service. Mechanicsburg. Pa. 

WRITERS! -Free list of too -notch USA markets for 
short stories, articles. books and plays. Write for your 
tree copy today! Literary Agent Mead. 915 Broadway, 
N.Y. 10. 
FREE "Do- It- Yourself' Leathercraft Catalog. Tandy 
Leather Company. Box 791 -A43. Fort Worth. Texas. 
2700 Novelties. Tricks, jokes, science, hobbies. 
World's biggest gadget catalog 10e. Johnson- Smith, 
D -528, Detroit 7. 

INDEPENDENT Thinkers -investigate Humanism! Free 
literature. American Humanist Association, Dept. EW -1, 
Yellow Springs, Ohio. 
HOMEBREWING! Beers, wines. Complete Instructions 
SI. Crystalco 28 -BPE2, Millburn, New Jersey. 

Full Color 
Giant 

Fold -Out 
Charts Still 
Available! 

Here's a complete series of color- 
ful, authoritative fold -out wall - 
charts (originally appearing in 
the pages of ELECTRONICS 
WORLD) -yours for only 15c 
each. All in full- color -each 
suitable for framing. 
2. Hi -Fi Crossover Network 

Design Charts: Tells how to 
build speaker nets for any 
crossover frequency. Corn- 
plete coil -winding data, ca- 
pacitor values given. 

4. Bass -Reflex Design Charts: 
Complete data on building 
own bass -reflex enclosures 
for any speaker, including 
ducted -port enclosures. 

5. Radio Amateur Great Cir- 
cle Chart: For Hams and 
short -wave listeners - gives 
complete listing and map of 
amateur prefixes by calls and 
countries. 

7. "Build a Citizens Band Trans- 
ceiver" - complete details on 
building an I I -meter transceiver 
for Citizens Band service. 

IMPORTANT: ORDER BY 
NUMBER! OUR SUPPLY OF 
THESE FOLD -OUT CHARTS 
LIMITED. OFFERED ONLY 
ON A FIRST COME, FIRST 
SERVED BASIS. 

Send 15c per selection to 

ELECTRONICS WORLD 
Box EW362, Church Street Station 

New York 8, New York 
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Mac's Electronics Service 
(Continued from )Ei'Jr 44) 

with an .01 -µf. capacitor. A rheostat 
varies potentials on the transistor so 
the output voltage can be changed 
smoothly from a low value up to 200 
volts. When the dosimeter is pushed 
into a special socket on the charger. the 
positive voltage is fed through a contact 
to the dosimeter charging pin, and the 
dosimeter case is connected to negative 
ground. 

"A mild pressure on the dosimeter 
closes a switch that turns on the oscil- 
lator and lights a flashlight bulb be- 
neath the socket so the instrument may 
be read by means of light shining up 
through the barrel. Increased pressure 
shoves the charging pin up against the 
conducting lead of the electroscope and 
applies the charging voltage to the ca- 
pacitor. The rheostat is varied until the 
hairline is resting on zero; then the 
dosimeter is withdrawn." 

"What's the difference between the 
rate meter and the dosimeter ?" 

"I figure there's actually no basic dif- 
ference in construction of the Heath in- 
struments. The 120 r./hr. rate meter is a 
0 -2 r. dosimeter with a different scale. 
It actually has two scales: 0 -120 r. /hr. 
and 0 -12 r. /hr. If radiation is high. you 
take a reading on the higher scale one 
minute after the instrument has been 
zeroed. A full -scale reading would mean 
you received a dosage of 2 r. in a minute; 
so the rate of dosa!JC would be 60 x 2 or 
120 r. /hr. If the radiation is lower you 
take a reading on the 0 -12 scale ten min- 
utes after the instrument has been 
zeroed. A full -scale reading now would 
indicate a dose rate of 6 x 2 or 12 r. /hr. 
The rate meter is useful for comparing 
the rate of radiation being received in 
different locations and so would help in 
finding the safest comparatively 'cool' 
spot in a contaminated area. The dosi- 
meter. if worn on the person, would 
keep track of the total accumulated 
dosage received by the wearer." 

"How much radiation can a person 
take ?" 

"There's little agreement about that. 
The standard limit is set at .3 r. a week; 
but the instructions that come with the 
Henlh kit give the following as probably 
acute effects of short -term whole -body 
exposure: 0 -100 roentgens, no obvious 
effects: 100-200 r., minor incapacitation; 
200 -600 r., sickness and some deaths; 
over 600 r.. few survivors. Notice this 
does not take into account long -range 
effects such as shortened life span, de- 
creased resistance to disease, genetic 
changes. etc. It's interesting to note you 
get a dose of 1 to 3 r. per film out of a 
chest x -ray, and a full -mouth dental x- 
ray gives you about 0.18 r." 

"Sometimes I see fall -out readings 
given in 'counts.' Is there any relation 
between counts and roentgens ?" 

"Yes, 1000 counts -per -second is about 
equal to 10 mr. /hr., but this depends 
somewhat on the energy of the radiation 
and the type of detector. Say. I'm glad 
and a little surprised to see you so in- 
terested." 

"Anyone not interested in the detec- 
tion. measurement, and effect of radia- 
tion these clays has ostrich blood in his 
veins," Mac said firmly. "Ignoring dan- 
ger is a poor way to cope with it. Even 
if there is never a nuclear war- -and 
God forbid there should be - -we must 
learn to live with the radiation fall -out 
of nuclear bombs already exploded. 
Space travellers must be shielded 
against deadly cosmic ray radiation. 
Technicians must learn how to work 
safely around the atomic - powered ma- 
chines of the immediate future." 

He stopped and then went on with a 
twinkle in his eye: "On top of that I'm 
delighted to know a capacitor Can be 
built to have practically no leakage. I'm 
glad to learn there is an accurate volt- 
meter that draws absolutely no current 
from the source being measured and yet 
is so rugged it can be dropped or even 
submerged under water without dam- 
age. Above all. it tickles me to know 
this voltameter, this capacitor, and a 
high - powered microscope can all be 
crammed inside a little tube four inches 
long and a half -inch in diameter -the 
whole thing weighing an ounce and a 
half! That's en,ineerine!" 

USAF MARS BROADCASTS 

1 
\II'Illtll \l dr.el"pnteuls in clrr- 
tr . are being de.cribed by .cicn- 

tists and engineers of eight General Elec- 
tric departments in a series of weekly 
banc radio Inoadca."t -. 

'I'be programs are being beamed to the 
100,000 radio amateurs who make up 
the eat -tern feel aiI network of the U.S. 
Air Force Military .tIiiliale Italia System, 

Each program is taped for broadcast 
at 2 p.m, (ES'l') on its assigned Sunday. 
Programs last an hour and are followed 
by "live' on- the -air que. -and -answer 
period.. 

Schedule for the broadcasts for the 
h. of March and .\gril are as fol - 

lo 
)larch .1: "7 cannel 1/iodes-What 

The Are and What 'Flu- can 1)o," In- 
R. I \\'suer., \.211111., Research Labor:;- 
tory 

March 11: "Tunnel Diode Circuitry," 
by Erie Gottlieb, Sentie lector I'ruduct. 
Department, S. raru.c. 

April 1: "The Us: Cages of C par - 
tron Multi -F' t' tube. in F.lectr 
Equipment," by Leo T. Bowie., \ \' IJl'1) 
and C. D. McCool, Receiving Tube De- 
partment. 

April 8: "What (: I is Can Do," 
by Ed \\'ollT, (:eneral Eng criug Lab- 
oratory, Schenectady. 

April l5: "la tc.t Trends in Military 
Type Transistor.." by David T. Geier, 
Light Military Electronic. Department. 
ltictt. 

l'IIOTO CREDITS 
Page Credit 

26, 27 Western Electric Co. 

31 Fairchild Semiconductor 
36 Bell Telephone Lobs 

40 (left), 41 (top) Cambridge University 
40 (bottom). 41 (bottom 6 center) 

Royal Research Establishment 
50, 51 General Radio Co. 

60 Kollsmon Instrument Corp. 
77 Corning Electronic Components 
97 U.S. Army Photo 
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/\71, 

Qty. Type 
0Z4 

_ 1AX2 
1B3 

_ 1DN5 
103' 
113' 
1K3* 
1R5 
1S4 
1S5 

114 
1U4 
1115 

1X28 
2AF4 
28N4 

Price Qty. Type Price Qty. Type Price 
.79 5CQ8 .84 6BN6 .74 
.62 5CZ5' .72 6B06 1.05 
.79 5EA8 .80 6B07 1.00 
.55 5EU8 .80 6BS8 .90 
.79 516 .68 6BU8 .70 
.79 518 .81 6BX7 1.02 
.79 5U4 .60 6BY5 1.15 
.62 5U8 .81 6BY6 .54 
.59 5V3 .90 6BY8 .66 
.51 5X6 .56 6BZ6 .55 
.58 5X8 .78 6BZ7 1.01 HOW! .57 5Y3 .46 6BZ8 1.09 
.50 6Á8G 1.20 6C4 .43 

.96 6ÁC7 .96 6CD6 1.42 J7 Over 500 Types .82 6ÁB4 .46 6CB6 .55 

.64 6AF3 .73 _ 6CE5` .57 

t 75% F NOT 

2 N5' .45 

MAI.90RDER 

Up `O OF 
3AL5 .42 GAGS .68 6CG7 .61 
3AU6 .51 6ÁH4 .81 6CG8 .77 
3ÁV6 .41 6AH6 .99 6CK4' .70 
3BA6 .51 641(5 .95 6CL8 .79 
3BC5 .54 6AL5 .47 6CM6 .64 
3BE6 .52 6AM8 .78 6CM7 .66 
3BN6 .76 6405 .53 6CM8' .90 
3BÚ8 .78 6ÁR5 .55 6CN7 .65 
3BY6 .55 6AS5 .60 6008 .84 
3BZ6 .55 6ÁS6 .80 6CR6 .51 
3CB6 .54 6ÁT6 .43 6CS6 .57 
3CS6 .52 64T8 .79 6CS7 .69 
3004' .85 6AU4 .82 6CU5 .58 
3DK6' .60 6AU6 .52 6CU6 1.08 
3DT6 .50 6ÁU7 .61 _ 6CY5' .70 
304 .63 641.18 .87 C6Y7 .71 
305 .80 6AV6 .41 60A4' .68 
3S4 .61 6AW8 .90 6085 .69 
3V4 .58 64X4 .66 60B6 .51 
4807 1.01 64X5 .74 60E6 .58 
4BZ7 .96 64X7 .64 6006 .59 
4BZ8 1.10 6AX8' .92 601(6 .59 
4CS6 .61 6BA6 .50 60N6 1.55 
4076 .55 6BA8 .88 6006 1.10 
5AM8 .79 6BC5 .61 6DT6 .53 
5AN8 .86 6BC7 .94 6D18' .79 
5405 .52 6BC8 .97 6EA8 .79 
5AS8' .86 6B05 1.25 6E85' .72 
5ÁT8 .80 6BE6 .55 6E88 .94 
5ÁV8 1.01 6BF5 .90 6EM5' .76 
5BC8 .79 6BF6 .44 6EM7 
5BE8 .83 6866 1.66 6EU8 
5BK7 .82 6BH6 .65 6EW6 
5B07 .97 6BH8 .87 6EY6' 
5Bß8 .79 6B16 .62 6F5GT 
58T8 .83 6817 .79 6FE8 
5CG8 .76 6BK7 .85 6GH8 
5CL8 .76 6BC7 1.00 6GK6' 
5CM8' .90 6BN4 .57 6GN8' 

BUY DIRECT 
FROM RAD-TEL 

Save on Rad -Tel's Quality 

BRAND NEW TUBES 
1 -Year Guarantee 
1 -Day Service 

Servicemen: 

New Tube Types offered by Rad -Tel 
are marked with an asterisk. 

Free Trouble Shooting Guide 

New Tube & Parts Catalog 

82 r 
5; i RAD -TEL'S HI -FI IMPORTS 

.75 Designed especially for Hi -Fi and Stereo 

.39 Foreign 

.75 
ECC -81 

80 
ECC -82 
ECC -83 
EL -84 
EZ -81 

.79 

.94 

Popular New Tube Types Offered by Rad -Tel' 

Replaces 

12AT7 
12AU7 
12AX7 
6B05 
6CA4 

Rad -Tel Price 

1.18 
.96 
96 

1.15 
.80 

Qty. Type Price Qty. Type Price Qty. Type Price 
6116 .58 12A05 .60 218 .84 
6J5GT .51 12ÁT6 .43 2K5 .65 
616 .67 12ÁT7 36 2L6 .58 
6K6 .63 12AU6 .51 2SA] .92 
6L6 1.06 12AÚ7 .60 2SF7 .69 
6N7 .98 12AV6 41 2SH7 .49 
6S4 .51 12ÁV7 75 2S17 .67 
6SA7GT .76 12AX4 .67 251(7 14 
6SG7GT .41 12AX7 63 2SL7 80 
6SH7GT .49 12ÁY7 1.44 2SN7 67 
6SJ7 .88 12AZI .86 2S07 .78 
6SK7GT .74 1284 .63 2V7 .62 
6SL7GT .80 12BÁ7 .84 2V6 .53 
6SN7GT .65 12806 2W6 
6507 .73 12BE6 

.50 

.53 2X4 
.69 
38 

6T4 .99 _12816 .44 74X4 .67 

EACH TUBE INDIVIDUALLY A ATTRACTIVELY BOXED A BRANDED RAD TEL 

618 85 128117 .77 17806 1.09 
6V8 .83 12BK5 1.00 17006 1.06 
6V6GT .54 12BL6 .56 17W6 .70 
6W4 60 12806 1.06 18FW6' .49 
6W6 .71 12BR7 .74 18FX6' .53 
6X4 .39 12BV7 .78 18FY6' .50 
6X5GT .53 12BY7 .77 19AU4 .83 
6X8 .80 12BZ7 .75 19BG6 1.39 
748 .68 12C5 .56 19C8 1.14 
7AÚ7 .61 12CN5 .56 1918 .80 
7B6 .69 12CR6 .54 211X6 1.49 
7EY8' .73 12CU5 .58 25ÁV5 .83 
7F8 .90 12CU6 1.06 254X4 .70 
7N7 90 12CX6 .54 25BK5 .91 
757 1.01 1204' .69 25606 1.11 
7Y4 .69 120B5 .69 25C5 .53 
8AU8 .83 12DE8 75 25CA5 .59 
8AW8 .93 12018 .85 25C06 1.44 
8B05 .60 12006 1.04 25CÚ6 1.11 
8CG7 .62 12057 79 250N6 1.42 
8CM7 .68 12DT5' .76 25EH5 .55 
8CN7 .97 120T7' .79 2516 .57 
8CS7 .74 120T8' .79 25W4 .68 
8CX8 .93 120ÚT 1.01 32ET5 .55 
8E88 94 12DWB' .89 3217 .90 
8SN7 .66 12DZ6 .56 3585 .60 
9C18 .79 12ED5 .69 35C5 .51 
11CY1 .75 12E06 .54 3516 .57 
1244 .60 12E16 .56 35W4 .42 
12ÁB5 .55 12EL6 .50 3525 .60 
12AC6 .49 12EM6 .79 36AM3' .36 
12406 .57 12EN6 .78 SOBS .60 

12EZ6 .53 5005 .53 
12AE6 .43 12F8 .66 50EH5 .55 
12AF3 .73 12FÁ6 .79 5016 .61 
12AF6 .49 12FM6 .43 7017 .97 
12AJ6 .46 12FR8 .91 7025 .69 
12AL5 .45 12FX8 .85 807 .70 
12AL8 .95 12GC6 1.06 117Z3 .61 

Popular New Tube Types Offered by Rad -Tel' 

Sep 

RAD -TEL TUBE CO. 
EW-3 55 CHAMBERS ST.. NEWARK 5. NEW JERSEY 

TERMS: 25% deposit must accompany all orders, balance COD. Orders under S5: add S1 

handling charge plus postage. Orders over $5: plus postage. Approx. 8 tubes per 1 lb. Subject 
to prior sale. No COD's outside continental USA. 
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ADVERTISERS' INDEX MARCH, 1962 

Advertisers listed below with code numbers have additional information available on their products in the form of catalogues 

and bulletins. To obtain more detailed data, simply circle the proper code number in the coupon below and mail 

if to the address indicated. We will direct your inquiry to the manufacturer for processing. 

(ODE NO. ADVERTISER PAGE CODE NO. ADVERTISER PAGE (ODE NO. ADVERTISER PAGE 

100 
101 
102 
103 
104 

105 
106 
107 
108 

109 
110 

111 
112 
113 
114 
115 
116 
117 
118 

119 
120 
121 

122 
123 
124 
125 

126 
127 
128 

129 
130 
131 
132 

Advance Electronics 73 

Aerovox Corporation 62 
Allied Radio 13 

Allied Radio 67 

Audion 81 

B & K Manufacturing Co. 11 

Benjamin Electronic Sound Corp 60 
Blonder- Tongue 22 
Burstein -Applebee Co. 91 

C & H Sales Co. 96 
Capitol Radio Engineering 

Institute, The 82. 83. 84. 85 
Carston 81 

Channel Master 23 
Cleveland Institute of Electronics 5 

Columbia Electronics 88 
Columbia Products Co. 90 
Columbia Records 4 
Commissioned Electronics, Inc. 81 
Coyne Electrical School 97 

Don Bosco Electronics Inc. 69 
Dressner 99 
Dynaco, Inc. 12 

EICO (Electronic Instr. Co. Inc.) 24 
Electro- Voice, Inc. .. SECOND COVER. 1 

Electronic Chemical Corp. 95 
Electronic Market 76 
Electronics Book Service - 

A. S. Barnes & Co. Inc. 105 

Fair Radio Sales 94 
Panon -Masco 16 

Fisher Radio Corporation 73 

G & G Radio Supply Co. 114 
General Electric Co. 77 

Goodheart Co., R. E. 99 
Grantham Schools, Inc. 7 

133 
134 

135 
136 
137 
138 

139 
140 
141 

142 
143 

144 

145 
146 

147 

148 

149 

150 

151 

152 

153 
154 
155 
156 
157 
158 

Gregory Electronics Corporation 92 
Grommes Div. of Precision 

Electronics, Inc. 75 

Harmon -Kardon 93 
Heath Company 58, 59 
Henshaw Radio Supply 76 
Holt. Rinehart & Winston, Inc. 88 

Indiana Technical College 88 
International Crystal Mfg. Co., Inc. 65 
International Radio & 

Electronics Corp. 71 

Jensen Manufacturing Company 20 
Johnson Co.. E. F. 111 

Key Electronics Co. 94 

Lafayette Radio 19 
Lampkin Laboratories, Inc. 75 

McGee Radio Co. 92 
Magnecord Sales Department 
Midwestern Instruments, Inc. 63 
Milwaukee School of Engineering 70 

National Radio Institute 17. 18 
National Radio Institute 110 
National Technical Schools 9 

Oelrich Publications 76 
Olson Electronics 78 

PEL ELECTRONICS 99 
Peak Electronics Company 112 
Pearce- Simpson, Inc. 111 
Pennwood Numechron Co. 91 
Philco Technological Center 81 
Picture Tube Outlet 81 

RCA Institutes, Inc. 100, 101. 102. 103 

159 
160 

161 
162 
163 

164 
165 
166 
117 
167 
168 
169 
170 
171 
172 

173 
174 
175 
176 
177 
178 
179 
180 
181 
182 

183 

184 
185 

186 
187 

188 

189 

R W Electronics 76 
Rad -Tel Tube Co. 117 
Radio Corporation of America 

FOURTH COVER 

Radio -Electronic Master, The 68 
Reeves Soundcraft Corp. 71 
Rider Publisher Inc., John F. 61 

Sams & Co., Inc.. Howard W. 55 
Sams & Co.. Inc.. Howard W. 64 
Sams & Co., Inc., Howard W. 89 
Saxitone Tape Sales 81 
Schober Organ Corporation, The 104 
Scott Inc.. H. H. 15 

Sencore 21 

Smith. Electronic Designs. Wardell 99 
Sprague Products Company 8 

Supreme Publications 109 

TAB 106 
Tandberg of America. Inc. 10 
Technical Appliance Corporation 2 

Terado Company 71 

Texas Crystals 108 
Tokyo Shibaura Electric Co., Ltd 95 
Transvision Electronics, Inc. 113 
Tri -State College 90 
Tri -State College 99 
Triplett Electrical Instrument 

Company, The THIRD COVER 

Tru -Vac 109 

U. S. Crystals. Inc. 75 

Utah Electronics Corp. 6 

Valparaiso Technical Institute 106 

Vocaline Company of America, Inc 72 

Winegard Antenna Systems 79 

Xcelite. Inc. 74 

The coupon below can also be used to obtain additional nformation on the new 
product items shown on pages 107 through 113 as well as on the ads as listed above. 

VOID 3 
AFTER 

MAR. 31, 1962 

NAME 

STREET 

CITY 

NO. 

ZONE STATE 

ADVERTISED 

PRODUCTS 

(SEE INDEX ABOVE) 

100 

120 

140 

160 

180 

200 

220 

101 

121 

141 

161 

181 

2C1 

221 

102 

122 

142 

162 

182 

202 

222 

103 

123 

143 

163 

183 

203 

223 

104 

124 

144 

164 

184 

204 

224 

105 

125 

145 

165 

185 

205 

225 

106 

126 

146 

166 

188 

206 

226 

107 

127 

147 

167 

187 

207 

227 

108 

128 

148 

168 

188 

208 

228 

109 

129 

149 

169 

189 

209 

229 

110 

130 

150 

170 

190 

210 

230 

III 
131 

151 

171 

191 

211 

231 

112 

132 

152 

172 

192 

212 

232 

113 

133 

153 

173 

193 

213 

233 

114 

134 

154 

174 

194 

214 

234 

115 

135 

155 

175 

195 

215 

235 

116 

136 

156 

176 

196 

216 

236 

117 

137 

157 

177 

197 

217 

237 

NEW PRODUCTS 

& LITERATURE 

I 

21 

41 

2 

22 

42 

3 

23 

43 

4 

24 

44 

5 

25 

45 

6 

26 

46 

7 

27 

47 

8 

28 

48 

9 

29 

49 

10 

30 

50 

11 

31 

51 

12 

32 

52 

13 

33 

53 

14 

34 

54 

15 

35 

55 

16 

36 

56 

17 

37 

57 

IB 

38 

58 

MAIL TO ELECTRONICS WORLD P.O. BOX 212 
VILLAGE STATION NEW YORK 14, N.Y. 

118 Printed in U.S.A. 

118 

138 

158 

178 

198 

218 

238 

119 

139 

159 

179 

199 

219 

239 

19 20 

39 40 

59 60 

INDICATE NUMBER 

OF ITEMS REQUESTED 

reogliff Make sure 
that your 

name and address 
are printed clearly. 

ELECTRONICS 

WORLD 

READER 

SERVICE 

COUPON 

ELECTRONICS WORLD 
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r 

ert 

USES UNLIMITED: 
Field Engineers 

Application Engineers 

Electrical, Radio, TV, 
and Appliance Servicemen 

Electrical Contractors 

Factory Maintenance Men 

Electronic Technicians 

Home Owners, Hobbyists 

complete 
VOLT -OHM- 
MILLIAMMETE 

World's Largest Selling 
POCKET SIZE V -O -M 

rur 

FEATURES: 
1 Hand size and lightweight, but with the features of a full - 

size V -O -M. 

2 20,000 ohms per volt DC; 5,000 AC. 

3 EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and 
range settings. The first miniature V -O -M with this exclusive 
feature for quick, fool -proof selection of all ranges. 

SELF -SHIELDED Bar -Ring instrument; permits checking in strong magnetic fields Fitting 
interchangeable test prod tip into top of tester makes it the common probe, thereby freeing 
one hand UNBREAKABLE plastic meter window BANANA -TYPE JACKS -positive connec- 

tion and long life. 

Price -only $37.50 ; leather case $3.20. 

Available For Immediate Delivery From Your Triplett Distributor's Stock 

TRIP' '' ECTp' ^' °.rpi!MFNT COMPANY, BLUFFTON, OHIO 

The most comprehensive test 
set in the Triplett line is Model 100 V -O -M 

Clamp -On- Ammeter Kit, now available at dis- 
tributors. The world's most versatile instru- 
ment -a complete accurate V -O -M plus a 

clamp -on- ammeter with which you can take 
measurements without stripping the wires. 
Handsome, triple- purpose carton holds and 

displays all the components: Model 310 min- 
iaturized V -O -M, Model 10 Clamp -On- Ammeter, 
Model 101 Line Separator, No. 311 Extension 

leads, and a leather carrying case, which neatly 

accommodates all the components. Model 101 

literally makes it possible to separate the two 

sides of the line when using Model 10. Exten- 

sion leads permit use of Model 10 at a distance 
from the V -O -M. Complete Model 100 is only 

$64.50 

MANUFACTURERS OF PANEL AND PORTABLE INSTRUMENTS; ELECTRICAL AN 

630 
hi 

630-A 630-PL 

FOR EVERY PURPOS 
630-APL 630-NA 

ELECTRONIC TEST EQUIPMENT 

630-T 631 625 -NA 666 -R 

WOR ' M COMPLETE LINE OF V- M', 
1 
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A 

CLOSE LOON 

T ACA' 

'DARK 

EATER 

and how 
it benefits 

your 
business 

You are locki.., at a dratr-'c example of RCA leader- 
s:. tube tech :ology. 

The ,.vire rt ..,.. right in the demonstra, en ..,lupe is the 
n ̂ .. RC :A "Dark Heater " - !; Pe.% develop - 
..:r_;. 35u -K below e temperature 
of a conventional hater (left) '' t "Dark 
N, ices chance of heater failure, increases heater - 
-.trteut dr g .lit .;fe of the tube, eliminates 
"spike" cr pulse -lcakage current, cuts AC heater -cathode 
leaka: 'u, anu provides greatly improved overall 
m' et _,.;cal stat 

R .A Eivetron Tub., Division, Harrison, N. J. 

NET RESULT TO YOU: even greater assurance of customer 
satisfaction with your work -even greater freedom from 
callbacks, and in- warranty failures. 

Now available in an increasing number of RCA receiv- 
ing -type tubes, the RCA "Dark Heater" will be incor- 
porated in those receiving -type tubes where potential 
benefits of increased life and reliability can be realized. 
This new RCA development is further assurance that you 
are working with the best and latest receiving tubes when 
you specify and install RCA. 

The Most Trusted Name in Electronics 

4 
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