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Now is the time 
to come to the aid 

of yourAparty! 

The more you enjoy outdoor living, 
the more you'll enjoy the Electro -Voice 
Musicaster- world's finest weather- 
proof loudspeaker system. 

A Musicaster will add to your fun 
wherever you are. Whether you're 
dancing under the stars, swimming in 
the pool, or relaxing around the 
barbecue in the backyard, music from 
a Musicaster adds the pleasure of 
outdoor high -fidelity music from your 
present Hi -Fi system, radio, phono- 
graph or TV set. 

It's easy to connect for permanent 
use outside, or you can simply move 
your Musicaster into the recreation 
room for year -'round pleasure. 

Designed for indoor -outdoor use, the 
E-V Musicaster obtains high -fidelity 
response from a heavy -duty weather- 
proofed speaker mounted in a rugged 
aluminum die -cast enclosure. This 
combination insures long -lasting 
satisfaction under all conditions. 

Now is the time to come to the aid of 
your outdoor party ... with an Electro- 
Voice Musicaster. It's easy to install .. . 

send for full information and the name 
of your nearest E -V sound specialist. 

ELECTRO -VOICE High -Fidelity Speaker System. r r it's Weather-proofed! 
SPECIFICATIONS: 
Frequency Response: 60-13,000 cps 
Dispersion: 120' 
Power Handling Capacity: 30 watts program 
Impedance: 8 ohms 
Size: 21 Ç'Hx21;i "Wx8 % "D 
Weight: 31 lbs, net 
Price: $54.00 
Musicaster II available with additional tweeter 
to extend response to 18,000 cps. Price: $75.00 

P.S. If your school, church or club 

needs a tough, highquality, all -purpose 
speaker, the smart choice is an 

Electro -Voice Musicaster. 

T_.._-...._ '_ r. I 

Electro-Voice, Inc. Dept. 524N 
Buchanan, Michigan 
Please send me your booklet, "How to 
Enjoy High -Fidelity Outdoors," 

Name 

Address 

City State 

gLC.24PyL° ELECTRO- VOICE, INC., Consumer Products Division, Buchanan, Michigan 
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C25. IN- CIRCUIT CAPACITOR TESTER KIT. Re- 
veals shorted or open capacitors in the circuit. 
including electrolytics. Also reveals dried-out elec- 
trolytics through the Electrolytic Capacitance Dial. 
Kit: $19.95- Factory Wired, ready to operate: $29.95. 

V.70. VACUUM TUBE VOLTMETER KIT. Uses sta- 
bilized bridge circuit to provide measurements on 
7 DC and 12 AC voltage ranges. plus 7 decibel and 
7 widespread electronic ohmmeter ranges. Kit; 
$31.95; Factory Wired, ready to operate: $49.95. 

G -30. RF SIGNAL GENERATOR KIT. Highly accu. 
rate. stable. Also designed for use as a Marker 
Generator in sweep- alignment procedures. Eight 
frequency ranges: 160 kc to 240 mc. Kit: $32,95_1 
Kit with Prealigned Tuner: $39.95; Factory Wired. 
ready to operate: $44.95. 

MX -100. STEREO MULTIPLEX ADAPTER KIT. All 
critical circuitry factory adjusted and prealigned. 
Maximum stereo separation between 20. 15,000 
cps, with low distortion. Stereo switch permits 
either front -panel separation control or maximum 
separation adjusted at factory. Kit: $49.95 Fac- 
tory Wired, ready to operate: $69.95. 

r 
ST -26. FM TUNER/AMPLIFIER KIT. Low-cost com- 
bination hi -fi FM music system. Requires only 
the addition of external speaker (see L -3) to com- 
plete system. Pre -Built Front End fully adjusted 
and prealigned at factory. Kit: $54,95- Factory 
Wired, ready to operate: $69.95. 

L -3. SPEAKER SEMI -KIT. Ultra- compact, graciously 
styled system. Lifelike response from high -ef 
ficiency speakers. Walnut- finished cabinet. Size: 
13%" L x 61/2" H x 7,1" D. Semi -Kit: $19.95. 

PACO KITS 
THE KITS YOU BUILD IN f/s LESS TIME 

ST25Mx PACO STEREO 
FM MULTIPLEX TUNER 

alYlll 

., *f, e 
FROM BOX... 

TO BEETHOVEN IN 113LESS TIME! 
In timed, competitive tests. twin brothers - with twin backgrounds and skills - proved 
that Paco kits are faster. easier and more fun to build than almost-identical kits sold by 
other kit makers. They discovered that there's no guessing with Paco: parts are neatly 
packaged and precisely labeled; instruction books are complete and easy to follow. 
Accurate drawings to actual scale and fold -out diagrams are printed right next to step- 
by-step directions. The twins also proved that Paco pleasure doesn't end with the 
wiring. The ST -25 MX FM Stereo Multiplex Tuner'', for example, looks and performs like 
twice the price: frequency response is 30 to 20.000 cps within 2 db; sensitivity is 1.5 
Div for 20 db quieting. It features self-contained, prealigned and fully shielded front end, 
FM Stereo multiplex circuitry, dual limiters, AFC with panel switch for AFC defeat 
and "eye" -type tuning indicator. Why not put Paco to your test. Kit: $69,95 net. (factory 
wired, ready to operate: $99.95). See your dealer or write today for details to Paco 
Electronics Co.. Inc., 70-31 84th Street, Glendale 27. New York, a division of Precision 
Apparatus Company, Inc. Export: Morhan Corporation. 458 Broadway. New York 13, 
New York. In Canada: Atlas Radio Corporation, 50 Wingold Avenue, Toronto. Canada. 

AS PICTURED ABOVE 

PACO KITS 
THE KITS YOU BUILD IN f/a LESS TIME 

ELECTRONICS WORLD 1.'n,nlì-1,,I monthly ni' x:IT,ira,l.. Pul,lll,ìllx C-nmI^,n)' t 4:11 soutl, wan:,.lr -4,'enu,. Chicago :. Illinois. s -intinn r r United Slale and po4. .inn. ' ,i: ,nd Ilan Á,o,a r,n Um r unirle. an other foreign . lntr,e, n Ciar. pó.l., paid I (i tii:nn,nninñ`n na,unnnnl A tlunir.e,l ., .a rl.l.. il n, tin Po .l iilú,, Urp.nun,In. u.,w, , ,,.,n., . Ili ,o I.,,mut nr o-I .1,. 'el: \., . ,.T. \o. i. 
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New Heavy Duty 
RFI Suppression Kit 
For Mobile Radio 

The Sprague Type SK -1 SUPPRESSIKIT- 
Easily installed on any truck, car, or boot 
engine using a 2 -pole d -c generator. 

RADIO HAMS, fleet owners, 
and CB operators can now 
enjoy clearer, more readable, 

less tiring mobile communications 
at longer effective ranges. 

Sprague's new Type SK -1 SUP - 
PRESSIKIT provides effective RF 
Interference suppression -at moder- 
ate cost -up through 400 megacycles. 
Designed for installation on auto- 
mobiles, trucks or boats with either 
6 -volt or 12 -volt generators, the 
Suppressikit makes possible high 
frequency interference control by 
means of Sprague's new, extended 
range, Thru -pass® capacitors. 

The components in the SK -1 Sup - 
pressikit are neatly marked and 
packaged, complete with easy -to- 
follow installation instructions. All 
capacitors are especially designed 
for quick, simple installation. Unlike 
general -purpose capacitors, these 
heavy -duty units are rated at 60 
amperes, and will operate at tem- 
peratures to 125 °C (257 °F). This 
means you'll have no trouble with 
an SK -1 installation in the terrific 
temperatures found "under the 
hood" on a hot summer's day. 
There's no chance of generator fail- 
ures from capacitor "short outs ", as 
with 85 °C general purpose capacitors. 

The Deluxe Suppressikit is fur- 
nished complete with an 8 -foot 
shielded lead on the generator ca- 
pacitor which can be trimmed to 
necessary length for any car or small 
truck, preventing RF radiation from 
armature and field leads. 

Containing only 5 easy -to- install 
capacitors, the Deluxe Suppressikit 
is truly a "do -it- yourself" kit. The 
net price of $17.85 is a little higher 
than that of makeshift, thrown -to- 
gether kits, but it saves you so much 
time and aggravation it's well worth 
the slight extra cost. 

If the SK -1 Suppressikit is not 
available at your Sprague Electronic 
Parts Distributor, send your order 
to Sprague Products Company, 51 
Marshall St., North Adams, Mass. 

MPS 6S-311 3.1342 
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Sprague TWIST -LOK, Capacitors give you 

2 tremendous advantages over 

all other twist -prong electrolytics 

The right size, 

the right rating, for 
EVERY replacement ¡ob 

No need to compromise or 
improvise...the TWIST -10K 
Line includes over 1690 
different capacitors ... It's 
the industry's most complete 
selection of twist -prong 
type capacitors, bar none! 

2 
Exclusive, improved 

cover design for 
greater dependability 

Type TVL Twist -Lok Capaci- 
tors are now more depend- 
able than ever! Sprague's 
new cover design provides 
a truly leak -proof seal and 
permits capacitors to with- 
stand higher ripple currents. 

Compare internal construction of TWIST -L0K to ordinary 'Lytic! 
WI\PRONG 

ANODE TERMINAL TWIST -PRONG 

CATHODE TAB BREAKS 
SEAL BETWEEN 
RUBBER ANO METAL 
CAN. PERMITS 

SEEPAGE 
LYTE 

TAB 
PINCHED BETWEEN 
BAKELITE DISC NO 
CGATB OFTEN 

BREAK OR TEAR AT 
THIS POINT 

ORDINARY ELECTROLYTIC CAPACITOR 

Complete listings are shown in handy 
Wall Catalog C -457. Get your copy 

from any Sprague Distributor, or 
write to Sprague Products Company, 
51 Marshall St., North Adams, Mass. 

WORLD'S LARGEST 

MANUFACTURER OF CAPACITORS 

WiST_PRONG 
AN00 TAB 

TO TERM TERMINAL 
WELDED 

PHEN LIC 
RUBBER 

CATHODE TAB WELDED 
TO TWIST-PRONGS 

TIGHTLY COMPRESSED 

METAL CAIN 
AGAINST 

IMPROVED 
ATEOR SEAL. IMINS 

ELECTROLYTE. 
REDUCES POSSIBLRY 
OF INTERNAL 

ESSURE 
"BLOW -OUTS- 

ALUMINUM CAN 

CAPACITOR SECTION. 

SPRAGUE TWIST-LOP ELECTROLYTIC CAPACITOR 

SPRAGUE® 
THE MARK OF RELIABILITY 

CLECTRONICS WORLD 
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GET FACTS NOW... 

CREI can prepare you 

for Career Opportunities 

in 
POWER 

WELL PAYING, EXCITING POSITIONS 
are created every day in the rapidly 
expanding nuclear field. Yet many are 
unfilled because industry cannot find 
qualified men. 
YOU CAN PREPARE YOURSELF to take 
advantage of these opportunities. And 
build a rewarding career in this in- 
dustry of the future through the CREI 
Home Study Program in Nuclear 
Engineering Technology. You can do 
it while on your present job. 
CREI HAS A WORLD -WIDE REPUTATION 
earned in 35 years experience in 
advanced technical education. Thus, 
scientists in government and in private 
industry cooperated in preparing this 
vitally needed program. 
YOU CAN QUALIFY for this program 
if you have a technical background and 
a high school education or the equiv- 
alent. For detailed information on 
career opportunities and CREI Pro- 
grams, use coupon below. 

4 

MAIL COUPON TODAY 
FOR FREE 58 PAGE BOOK 

CREI 

A Division of 
The Capitol Radio Engineering Institute 
Dept. X1105 -K, 3224 Sixteenth St., N. W. 
Washington 10, D. C. 

Please send me details of CREI Home Study 
Programs and Free Book, "Your Future in Elec- 
tronics and Nuclear Engineering Technology." 

Name Age 

Address 

City Zone State 

Education: Years High School 

Other ...._. _.. _.. 
30 J 

Coming 
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SPECIAL 
TEST - EQUIPMENT 

ISSUE 
PLUS WALL CHART on LISSAJOUS PATTERNS 

Elect rooks World 

NUCLEAR RADIATION GAGES 

Radioactive isotopes plus electronic cir- 
cuitry are being used in industry to 
measure and control a wide variety of 
processes. Learn about this new tech- 
nique. 

TEST EQUIPMENT FOR THE SERVICE SHOP 

A practical "handbook" of test equip- 
ment needs for TV service shops operat- 
ing on three different levels -based on 
shop size, type and diversity of work 
handled. 

DIRECTORY OF OSCILLOSCOPES 
Specifications on over 70 oscilloscopes 
designed for laboratory, manufacturing 
production line, and /or service shop ap- 
plications. 

TEST EQUIPMENT IN KIT FORM 

A run -down on most of the test instru- 
ments which can be purchased in kit 
form to save money for the industrial lab 
or production line and the radio -TV serv- 
ice shop owner. 

THE DOSIMETER 
One of the popular personal radiation de- 
tection devices -how it works and how 
to service and test it. 

TEST EQUIPMENT FOR COMMUNICATIONS 
SERVICING 
The Service Manager of a large manu- 
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ment needed by organizations handling 
all types of communications gear from 
('R to two-way land and marine mobile. 
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the details. 

OXYGEN ANALYZERS 
While spare flights have made such ana- 
lyzers "glamorous," they also have other 
applieations in various fields of industry 
and medicine. 

FM MULTIPLEX SIGNAL GENERATORS 
The proliferation of PM multiplex has 
triggered a new breed of signal generator 
for those who build and service such 
equipment. Who will need this equip- 
ment and why? 
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duces, its causes, and measurement. 
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IN -HOME TV SERVICING 
How can a technician determine at just 
what point in -home servicing is impos- 
sible or impractical? Words of wisdom 
from a man who knows. 
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RICHARD S. CONWAY (( RU 
1960) is Supervisor, Electronic Test De- 
partment Wilcox Electric Co., Kansas 
City, Mo. 

ROBERT T. BL.l VK.1 l.R1.l grad 1960) 
is Engineer, Research & Study Div., Vitro 
Labs.. Division of Vitro Corp. of America, 
Silver Spring, Md. 

.TIEARL MARTIN. Jr. ICREI grad 
1956) is a Senior Engineer and Field 
Support Manager, Tektronix, Inc., Port. 
land, Oregon. 

Why do these men now enjoy profitable careers 
in electronics that others still dream about? 

SUCCESS IS NO ACCIDENT. There is a 
reason why some men move ahead in 
electronics while others stand still, 
year after year, in routine, low -paid 
jobs. Responsible, rewarding positions 
in electronics require advanced tech- 
nical knowledge. Without such knowl- 
edge, you cannot hope for success no 
matter how bright and ambitious 
you are. 

THE THREE MEN SHOWN ABOVE real- 
ized that career opportunities would 
open up for them only if they gained the 
practical knowledge of electronic en- 
gineering technology demanded by 
industry. They gained this knowledge 
through CREI Home Study Programs 
and achieved the success they desired. 

YOU HAVE THE SAME OPPORTUNITY. 
Through CREI Home Study Programs, 
you can acquire the practical working 
knowledge of advanced and up to date 
electronic engineering technology that 
will put you on the level of specializa- 
tion where men are most in demand. 

YOU WILL FOLLOW THE FOOTSTEPS 
of the thousands of CREI men who 
hold positions as associate engineers, 
engineering aides, field engineers, proj- 
ect engineers and technical representa- 
tives. They work in every area of 
electronics, from manufacturing to 
the space program. 

WHEN YOU ENROLL IN A CREI HOME 
STUDY PROGRAM, you study courses to 
which a number of leading engineers 
and scientists have made substantial 
contributions. You are guided and 
assisted by CREI's staff of experienced 
instructors. 

May, 1962 

YOU HAVE A CHOICE OF PROGRAMS 
covering every field of electronics: 
RADAR COMPUTERS SERVOMECHANISMS. 
INSTRUMENTATION AERONAUTICAL AND 
NAVIGATIONAL COMMUNICATION TELE 
VISION AUTOMATION AND INDUSTRIAL 
ENGINEERING TECHNOLOGY NUCLEAR 

ENGINEERING TECHNOLOGY 

CREI EDUCATION IS RECOGNIZED by 
many large corporations such as Na- 
tional Broadcasting Company, Pan 
American Airways, Federal Electric 
Corporation, The Martin Company, 
Canadian Broadcasting Co., Mackay 
Radio, and many others. These com- 
panies often pay all or part of CREI 
tuition for their employees. 

CREI HAS 35 YEARS OF EXPERIENCE 
in advanced technical education 
through home study. CREI has de- 

veloped electronics courses for the 
Army Signal Corps, special radio 
technician courses for the Navy, and 
group training programs for leading 
aviation and electronics companies. 
CREI also maintains a Residence 
School in Washington, D. C. 

YOU CAN QUALIFY for a CREI Pro- 
gram, 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 tech- 
nology. Mail coupon or write to: The 
Capitol Radio Engineering Institute, 
Dept. 1105 -K, 3224 Sixteenth St., N.W., 
Washington 10, D. C. 

Mail coupon today for FREE 58 -page book 

THE CAPITOL RADIO ENGINEERING INSTITUTE :Ionic:: Founded 1917 

Dept.1105-K, 3224Sixteenth St., N.W., Washington 10. D.C. 

Please send me details of CREI Home Study Programs and Free Book, 
Your Future in Electronics and Nuclear Engineering Technology." 

My qualifications are noted to obtain immediate service. 

CHECK FIELD OF GREATEST INTEREST: 
ilElectronic Engineering Technology 
Servo and Computer Engineering Technology 
Aero and Navigational Engineering Technology 

Name 

Address 

City 

Employed by 

Type of present work 

Education: Years High School .... _.. . Other. 

Electronics Experience _. _.... 
Check: Home Study Residence School G.I. Bill 

Nuclear Engineering Technology 
Automation and Industrial Electronic 
Engineering Technology 

Zone . _ .. _ _.. State 

Age 

28 
J 

s 
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Preserie the Genius 
of the Musters .th f he 

Nat twat Sound 

MODEL 6 3 SPEED 4 TRACK 

STEREO RECORD, K 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,l4 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. 

199.50 

MODEL 65 3 SPEED 4 TRACK 

STEREO PLAYBACK TAPE DECK 

Another Tandberg triumph - 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! 

PI Tandberg OF AMERICA.INC.. 
8 THIRD AVENUE. PELHAM. NEW YORK 
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... for the Record 
By W. A. STOCKLIN 

Editor 

COMMUNICATIONS VIA SATELLITES 

EXCITEMENT is at a fever pitch 
these days over the prospects of 

world -wide communications, by means 
of satellites, with many systems and 
ideas being explored simultaneously. 
High- and low -altitude satellites, active 
and passive types, for both military and 
civilian systems, are all in various 
stages of planning and execution. 

Most of these projects are being paid 
for out of Government funds. There is, 
however. one outstanding exception and 
that is the Bell System's " Telstar' ex- 
perimental satellite communications 
program. This is being financed entirely 
by Bell System funds. even to reim- 
bursing the National Aeronautics and 
Space Administration for launching and 
tracking costs which will run around 
$3,000,000 for each satellite. 

Project "Telstar" will use an "active" 
satellite one that can receive micro- 
wave signals and then amplify and re- 
transmit them. In essence, the satellite 
will function as a "microwave tower in 
the sky." 

All the electronic equipment on the 
satellite, which will include a traveling - 
wave tube capable of producing 21_ 
watts output, will be powered by silicon 
solar cells. 

Andover, Maine will be the site of an 
experimental ground station for "Tel - 
star." The highly directional antenna 
for this station is of the horn -reflector 
type which was successfully used in 
Project "Echo." It has a beam width 
of .16 degree at 6000 mc. and can readily 
track a moving satellite despite its huge 
size of 161 feet in length, 60 feet across 
its mouth. Its over -all weight exceeds 
300 tons. It will be protected by the 
largest inflatable radome ever built- -a 
rubber -dacron structure 210 feet in di- 
ameter and 160 feet high. A 2- kilowatt 
traveling -wave tube will provide trans- 
mitting power at about 6390 mc. and a 
low -noise ruby maser amplifier will re- 
ceive a 4170 -mc. signal from the satel- 
lite. 

The satellite itself is planned to travel 
in an elliptical orbit. with a maximum 
height of about 3000 miles and a mini- 
mum of about 500 miles. 

"Telstar" is an experimental program 
and in itself does not represent design 
of an operational communications sys- 
tem. It will be used to collect and trans- 
mit all types of scientific data back to 
earth. Of the 2325 transistors and diodes 
in the satellite, about 94 per -cent will be 
used for command and telemetry func- 
tions. 

There has been a great deal of con- 
troversy over the relative merits of 
many suggested systems. AT &T feels 
that with the present state of the art, 

a medium -level altitude of about 7000 
miles is most practical and a satellite 
system using this altitude stands the 
best chance of being developed into an 
operational system in the shortest time. 
Their proposed plan is to have 30 to 
50 active satellites traveling in random 
polar circular orbits which will provide 
nearly continuous world -wide communi- 
cations. 

World -wide communications. which 
will include television. is a fantastic 
engineering project. It represents a 
peaceful application of our satellite pro- 
gram. It is so vast that, with the excep- 
tion of AT &T, no single company could 
financially support such a project. This 
has led to much controversy in our in- 
dustry. AT &T has indicated the desire 
to accept this challenge yet many com- 
panies fear such vast control vested in 
a single organization. Similar fears have 
been expressed over government control 
of such a monopoly. President Kennedy 
recently suggested a billion -dollar plan 
for a new satellite program. He has 
outlined a world -wide communications 
network in space which would be owned 
and operated by a number of private in- 
vestors. One million shares of stock in 
this venture have been suggested. to be 
sold to the public at not less than $1000 
a share. Profits. if any. will be small for 
the first decade but the future looks ex- 
tremely bright when one compares the 
capability of the satellite system with 
present -day cable systems. " Telstar" 
could provide 1000 voice channels com- 
pared to 100 for a single telephone 
cable. A single satellite system could 
provide one TV circuit which would nor- 
mally require ten transatlantic cables. 

Congratulations are in order to all 
those who have the knowledge and 
especially the foresight to plan a pro- 
gram of this magnitude. It is, literally, 
a "break- through" and will, in time, 
open a vast new area to augment our 
present communications facilities. We 
are not primarily concerned with the 
political aspects nor are we mainly in- 
terested in who will eventually operate 
and control this program. We would, 
however, be quite disturbed should any 
unnecessary delays hinder further de- 
velopment of a space communications 
system. 

With the technological advancement 
achieved to date, further development 
should be encouraged, not hindered. The 
system will not only provide more chan- 
nels for communications, and at great 
reliability. but a whole new branch of 
the communications industry will be 
opened up and will provide many more 
jobs for technically trained and com- 
petent people. 

ELECTRONICS WORLD 
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how to get 
a Commercial 
FCC LICENSE 

o 
o 

An FCC License, 

Or Your Money Back! 
Completion of the Master Course (both Sections) will pre- 
pare 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 success- 
fully completing the Master Course, you will receive a 
full refund of all tuition payments. This guarantee is 
valid for the entire period of your enrollment agreement. 

FREE! 
1. 

find out how .. 
You can get job security. Specialized education is the 
road to higher salary and important jobs in the growing 
field of electronics. 
You can solve the problems that stump other technicians. 2 Problems in electronics are becoming more complex. Your 
ability to solve problems will help you get ahead in your 
field. 
You can handle new electronic devices. Every day. 
advances are being made in electronics. Only through 
education can you find out how to keep up with these 
developments and how to use the new devices. 

3. 

Successful 
Electronics 

Training 

Increase Your Technical Knowledge 
Get a government license plus an understanding of such 
electronic applications as computers ... industrial electronics ... radar ...communications ... and many more. 

CLEVELAND INSTITUTE OF ELECTRONICS 
1776 E. 17th St. 

May, 1962 

Desk RN 65 Cleveland 14, Ohio 

a successful plan lot ... 
Electronics Training 

good training 
doesn't cost ... 
it pays! 

Get All 3 Booklets and This 

Handy Pocket Electronics Data 

Guide Free 
Puts all the commonly used conversion factors, formulas, 
tables, and color codes at your fingertips. Yours absolutely free 
if you mail the coupon today. No further obligation. 

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. 

Accredited by the National Home Study Council 

Cleveland Institute of Electronics 

Desk RN 65, 1776 E. 17th St., Cleveland 14, Ohio 

Please send Free Career Information pre- 

pared to help me get ahead in Electronics. 

I have had training or experience in Elec- 

tronics as indicated below. 

Military 

Radio -TV Servicing 

Manufacturing 

Amateur Radio 

In what kind of work are 
you now engaged? 

Broadcasting 

Home Experimenting 

Telephone Company 

Other 

In what branch of Electronics 
ore you interested? 

Name Age 

Address 

City - Zone 
_ 
_ State 

RN -65 
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FOR THE ULTIMATE 
IN AUDIO TAPE 

RECORDING 

agnecord 

. Known and used the 
world over to satisfy the most 
demanding requirements for 
performance and reliability in 
military and scientific record- 
ing in the space age. 

SONAR RECORDING 

NATIONAL SECURITY 
COUNTER 
INTELLIGENCE 
SURVEILLANCE 
RECORDING 
OCEANOGRAPHIC 
RESEARCH 
ELECTRONIC 
COUNTERMEASURES 
SATELLITE DATA 
RECORDING 

ROCKET TEST 
INSTRUMENTATION 

ogn e cord 

ALSO BRINGS YOU... 
... A full range of professional 
and home instruments for the 
ultimate in audio recording 
and reproduction ... The 
Industry Standard at a price 
you can afford. 

RECORDING QUALITY 
EXTENDED SERVICE 
MINIMUM MAINTENANCE 
CONSISTENT RELIABILITY 
FULL FIDELITY RESPONSE 

Represented by leading audio dealers 
and industrial electronics distribu- 
tors the world over. Write today for 
additional information regarding your 
requirements. 

:,mot 

For the deader nearest you ... write 
MAGNECORD SALES DEPARTMENT 

MIDWESTERN INSTRUMENTS 
P. 0. BOX 7509 TULSA 35, OKLAHOMA 

FROM OUR 
"ENGINEER" AND "TECHNICIAN" 

To the Edlitors: 
The question of the use of the title 

"engineer" is a prickly one. particularly 
where the connotation is so varied. The 
legislatures of the various states and 
territories of the United States have en- 
acted laws which define who may use 
the term "engineer." and what consti- 
tutes the practice of engineering. Brief- 
ly, no one may call himself an "engi- 
neer" or offer to practice engineering 
unless he complies with the following: 

(1) Have at least four years of col- 
lege work and a degree of BS: or have 
at least four years of practical experi- 
ence which the examining board may 
deem equivalent to a college education. 

(2) Have four years of practical ex- 
perience. after graduation from college. 

(3) Pass an examination prepared by 
the Board of Registration. 

(4) Have received from the Board of 
Registration a license certifying that he 
has successfully met the requirements 
of the Board. 

Having received such a license. the 
applicant may call himself an "engi- 
neer" and offer to practice engineering 
for whoever will hire him. The statutes 
generally define the practice of engi- 
neering (as in Ohio) to "include any 
professional service, such as consulta- 
tion, investigation, evaluation. planning. 
design, or responsible supervision of 
construction or operation. in connection 
with any publicly or privately owned 
public utilities, structures, buildings. 
machines, equipment, processes, works 
or projects." 

While some employers have restricted 
the use of the title "engineer" to those 
so licensed by the state. others still use 
it for unlicensed personnel who hold po- 
sitions of authority and responsibility. 
However, in the event of the need for 
legal testimony, it is likely that the 
opinion of the licensed engineer would 
carry more weight than that of the 
technician. 

I do not wish in any way to derogate 
the skill and knowledge of many ex- 
tremely competent technicians, but I 
feel it necessary to explain the legal 
basis for the use of the title "engineer." 

WILLIAAI F. MCALLISTER, P.E. 
Cincinnati, Ohio 

Reader McAllistcr's letter was 
prompted by Ille editorial disettss'ng the 
technician in oar January issue. In ad- 
dition to letters from professional engi- 
neers, like the aboie. girin!I us their use 
of the tertio "engineer" we haro acre %red 

letters from engineering tutirc::sity 
deans. who gire us a different usage of 
the terns. and from people in the field 
who are actually ,tn'ua engineering and 

READERS 
design work. who hare still a different 
trot/ of using the fiord. 

It seems that there is .just as notch 
confusion and difference of opinion orer 
the use of the word "engineer" as there 
is for the 11;0111 "technician. " -Editors. 

.. G 

SPEAKER EFFICIENCY 
To the Editors: 

Mr. George Augspurger suggests in 
his article "The Importance of Speaker 
Efficiency" which appeared in the Janu- 
ary 1962 issue. that the high -compliance, 
"long- throw" woofer doesn't really pro- 
duce more bass -only less mid -range. 
Development work here tends to dis- 
prove this statement. By incorporating 
certain mechanical construction it is 
possible to build a loudspeaker that will 
produce a greater "undistorted" quan- 
tity of low -frequency energy. This state- 
ment disregards enclosure air loading 
and relative acoustical power in the 
middle "piston- hand" frequencies. 

A speaker designed for maximum low - 
frequency output will have a higher 
mechanical resonant "Q" by virtue of 
(a) higher moving- system mass and, 
(hi overhanging turns of voice coil wire 
above and below the magnetic gap. This 
situation tends to reduce harmonic dis- 
tortion by both suspension non -linearity 
and non -linear electrical drive. In fair- 
ness it has to be admitted that tran- 
sient response too may suffer because in 
achieving greater cone excursion the 
speaker is deliberately underdamped. 

By contrast, the moving system of a 
speaker designed for maximum "effi- 
ciency" will have a lightweight moving 
system and a minimum of voice coil 
wire not immersed in the magnetic gap. 
In the middle "piston band" acoustical 
output will be large but the bass range 
will be overdamped if an efficient mag- 
netic circuit is used. In addition, bass 
harmonic distortion will greatly reduce 
the usable bass output. 

CHARLES L. MCSHANE 
Chief Engineer 
Cinaudagraph Acoustical Labs 
Chicago. Illinois 

There are a good many ways of de- 
signing loudspeakers depending on Iritat 
the designer is after and what he feels 
the listener wants.-Editors. 

BC-221 FOR CB 

To the Editors: 
For a long time I intended to con- 

struct a power supply specifically for 
my BC -221 frequency meter but never 
got around to it. Recalling Mr. R. L. 
Conhaim's article "Using the BC -221 to 
Check CB Frequency" in the May 1961 
issue of ' {I.':.. ...- mr-4 WORLD got me 
starte.l. "'r all parts for the 

8 .. _C- BONICS WORLD 
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DOUBLES YOUR EFFECTIVE MANPOWER 

h Dogs" 
t! 

Fix "Tough 

Half your 
Time! 

UP Your Profit! 

TELEVISION 

ANALYST 
for Black & White and Color 

Clack cd Maaits- Putipàuit 
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 Terms. As low as 530.00 down. 

TVtîtoab&..in. mwuTal 

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 MODLLATION 

See Your B 8 K Distributor or Write for Bulletin A012 - ^! 

May, 1962 

BaK 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. 
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RESIDENT SCHOOL COURSES 
IN NEW YORK AND LOS ANGELES 

Industry needs Electronic Technicians! 

Let RCA 
train you in 
Advanced Electronics 
This is the college -level training you need 
to work with professional engineers on re- 
search, development, or production projects 
in such fields as: automation, guided missiles, 
radar, television, computers, and other ad- 
vanced electronic applications. 
RCA Institutes Resident Schools in New 
York City and Los Angeles offer this com- 
prehensive course that prepares you for any 
field of electronics you may choose. Other 
courses in TV and General Electronics, 
Radio and Television Servicing. 
Classes start four times each year. Applica- 
tions now being accepted. 

RCA INSTITUTES 
SCHOOLS OF TELEVISION & ELECTRONIC TECHNOLOGY 

A Service of Radio Corporation of America 

1- - - -- -Send to the school nearest you!----- - 
RCA Institutes, Inc., Dept EWR -52 

350 West 4th Street Pacific Electric Building, 
New York 14, N.Y. Los Angeles 14, Calif. 

Please send me your FREE catalog of Resident School 
courses. 

Name 

Address 

City Zone State 

L_ J 
For Home Study Courses See Ad On Opposite Page 
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(PLEASE PRINT) 

supply described were on hand the unit was built exactly 
as suggested. It is just what the BC -221 needed. 

For the benefit of constructors to be, the 5 -volt leads from 
the transformer should go to pins 2 and 8 on the 5Y3 socket 
and not to 1 and 8. When operating with a normal 117 v.a.c. 
supply line, a fixed resistor having a value of 4000 ohms may 
be used for R,. 

Mr. Paul S. Andrews, in the October 1961 issue, expressed 
concern about tube life under continuous use as suggested 
in the article. I have found from past experience that tube 
life is usually longer under continuous use than with inter- 
mittent operation as pointed out by Mr. Conhaim. 

The article is an excellent treatment of the BC -221 and 
contains much helpful information. Anyone intending to use 
this instrument for CB should refer back to this issue of 
ELECTRONICS WORLD. 

HAROLD REED 
Hyattsville, Md. 

We are still receiving requests for information on the use 
of the frequency meter discussed above for CB work. The 
article referred to by Reader Reed is certainly "must" read- 
ing for anyone who is interested in using the BC -221 for this 
purpose.- Editor. 

SOLDER -FLUX RESIDUE 
To the Editors: 

I have recently completed wiring a multiplex- adapter kit 
which uses a printed circuit. Although the adapter works 
very well indeed, I am a little worried about leakage through 
the residue of solder flux between the conductors on the 
printed board. The board doesn't look very neat this way. 
and I wonder if there is a simple way of removing the flux 
that remains on the printed- circuit board. 

PETER SMEAD, JR. 
Phoenix, Arizona 

Although the board may not look too neat with the flux 
on it, Reader Smead can be assured that residue from any 
good rosin or resin -type flux need not be removed from any 
printed wiring terminal for reasons of electrical leakage. 
The Kester Solder Company. for example, has indicated to 
us that the resistance of such flux is so high that there 
should be absolutely no electrical leakage at all if the flux 
remains on the board. They go on to say that the only 
reason these residues are removed is to (1) enhance the 
appearance of the board. (2) secure some operating proce- 
dure with which the flux might physically interfere, or (3) 
conform to some specification. 

Therefore, although rosin ffu.r can be dissolved with al- 
cohol, we feel that the use of an excessive amount of solvent 
of this type would probably do more harm to the other com- 
ponents than good. Hence, we suggest that the flux be left 
on the board. Editors. 

UNIVERSAL CONTROL CIRCUIT 
To the Editors: 

By using the d.c. amplifier presented in the January, 1962 
issue of ELECTRONICS WORLD in an article entitled "Universal 
Control Circuit" by Ryder Wilson, it is possible to devise a 
simple, low cost, direct -writing oscillograph. Depending on 
the method and precision of construction, one should be able 
to build a fairly accurate instrument which will operate 
from d.c. up into the audio frequencies. This should prove 
extremely useful in square -wave audio amplifier checking. 
product counting, flow metering, temperature recording, 
and a host of other "ings," all accomplished with one small 
amplifier. 

This thought was fostered by the appearance of the ex- 
cellent article on direct -writing oscillographs in the same 
issue. The co- publication of such articles does credit to the 
editors. It is just this mixture of technical articles and prac- 
tical circuits that leads readers to appreciate this magazine 
and to find the extra value in it which makes it both in- 
formative and useful. 

With the d.c. amplifier described. one way to construct 
the oscillograph writing unit (the problem child), is to use 
any old 100 -ma. meter movement. This can be done by ex- 
tending the pointer arm and fixing a small capillary pen, 
such as those used in water -flow recorders, to it. 

ELECTRONICS WORLD 
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1. You 
under 

6 REASONS WHY 
RCA TRAINING 

IN ELECTRONICS 
can be the smartest investment 

you'll make in your entire lifetime! 
get the finest training -at -home 
the supervision of the RCA 

INSTITUTES, experts in technical 
training for over 50 years. The very 
name "RCA" means dependability, 
integrity, and scientific advance. 

2. You get comprehensive training in your 
choice of Homy complete up -to -date 
Courses ... including Radio and Elec- 
tronic Fundamentals, TV Servicing. 
Color '[V, Transistors, Automation 
Electronics, Communications Elec- 
tronics, Computer Programming. 
3. You get Theory, Experiment, and Service 

Practice starting with the very first les- 
son ... a complete training package 
throughout the course. No special 
technical background is required. 

Send for this 
64 -page Home 
Study Catalog 

FREE! 

RESIDENT SCHOOL Courses in New 
York City and Los Angeles offer com- 
prehensive training in Television and 
Electronics. Day and Evening classes 
start four times each year. Detailed 
information on request. 

May, 1962 

4. You get prime quality equipment as a 
regular part of your Course ... equip- 
ment that you keep and use on the 
job. You never have to take apart one 
piece to build another. 

5. Voluntary Tuition Payment Plan. 

You pay for each lesson only when you 
order it. If you interrupt your course 
at any time, for any reason, you owe 
nothing more unless you resume. You 
neuer have to pay for the whole course 
if you don't complete it. 

6. You get top recognition - 
Graduates of RCA Institutes now 
work for leaders in the electronics 
field; many have their own businesses. 
This record is true tribute to the high 
quality of RCA Institutes training. 

RCA INSTITUTES, Inc. Home Study School 
A Service of Radio Corporation of America Dept. EW -52 

350 West Fourth Street, New York 14, N. Y. 

Please rush me your FREE illustrated 64-page book "Your Career in 
Electronics,' describing your home training programs. No obligation. 
No salesman will call. 

Name Age 
pleose print 

Address 

City Zone State 

Korean Vets! Enter discharge dote 

CANADIANS - Take advantage of these same RCA courses at no 

additional cost. No postage, no customs, no delay. Send coupon to: 

RCA Victor. Company, Ltd., 5581 Royalmount Ave., Montreal 9, Quebec 
To save time, poste coupon on postcard. 
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Tarzian Tuners -the 
"world's finest tuners for 
the world's finest sets." 

QUALITY... 
DEPENDABILITY 

AND 

EXCELLENT 

PERFORMANCE 

AT LOW COST 

Engineering excellence, reliability and sensible pricing 
on ALL Tarzian products are a part of our approach to 
"Practical Ingenuity in Electronics." You'll find it in all of 
these electronic products from SARKES TARZIAN, INC.: 
TV and FM TUNERS .... SEMICONDUCTORS .... AIR 
TRIMMERS ... , RADIO and TV BROADCAST EQUIPMENT 
.... CLOSED CIRCUIT TELEVISION for Educational and 
Commercial use .... MAGNETIC TAPE .... FM RADIOS 
and AM /FM RADIOS. 

Iv/ 
12 

Electronic Products of Tomorrow- Today 

SARKES TARZIAN INC 
east hillside drive bloomington, indiana edison 2 -7251 

I would rather try something else. 
For instance. a fairly sensitive, long 
throw solenoid might do. The plunger is 
fitted with an aluminum strip into which 
the pen is placed. At the other end of 
the strip is a spring which serves to 
damp the solenoid and return the pen to 
zero. This arrangement would work for 
d.c. variations from zero on up but the 
swing could only be positive. With a 
little effort, perhaps Iwo opposed sole- 
noids with a pen between them lvould 
work for a.c. There is the added ad- 
vantage of straight line pen movement 
with this system, thus eliminating 
curved graphs, a nuisance. A clockwork 
paper transport is easily built for slow 
changes in d.c. and a small motor could 
replace the clockwork for higher fre- 
quency work. Another d.c. amplifier like 
the one mentioned above could drive a 
small d.c. motor for speed variations. 
Put almost any pulser or electro-some- 
thing -or -other transducer on the input 
of the amplifier and one should have a 
handy recorder costing practically noth- 
ing and having great versatility. 

R. C. AMENDXL.t 
Urbana. Illinois 

Thanks to Reader Antendola for his 
comments und his interesting sugges- 
tions. Editor :s. 

TRANSISTORIZED METAL LOCATOR 
To the Editors: 

You may be interested in knowing 
that I am heading a group of 20 people 
who are going to the Caribbean area to 
look for some of the caches of treasure 
buried there. As part of our equipment 
we are taking with us six of the metal 
locators described in my article "Tran- 
sistorized Metal Locator" which ap- 
peared in your March 1962 issue. 

W. E. OSBORNE 
Whittier, California 

We know our readers are always in- 
terested in learning about some of the 
uses to which our construction projects 
are put.- -Editors. 

TRANSISTORIZED SCOPE 
To the Editors: 

This is in reference to your article 
"A Miniature Transistorized Oscillo- 
scope" which appeared in your Febru- 
ary 1962 issue. On this nice -looking unit, 
I believe that the battery life will be 
extended greatly if the connection to the 
heater of the 913 (pin 71 is changed to 
the switched contact of S,,,. 

Prospective builders of the above unit 
might be interested in the 902P1 CRT 
which uses a lower maximum anode 
voltage and has a greater deflection 
sensitivity. 

EDMUND SHEFFIELD, JR. 
San Francisco, California 

You are quite right about the incor- 
rect connection from Nue CET heater to 
switch. S,,. in Mr. Barrnore's transistor- 

oscilloscope. Since tris tube is the 
only part of the circuit requiring vmm- 
up time. our draftsman iras eriden fly 
carried auralr by the thought that "in- 
stant-on operation" coutil be obtained 
with this error.- Editnra. 

ELECTRONICS WORLD 
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ARE YOU "ON TARGET ?" 
Teat Uawtaeft 

ANSWER THESE QUESTIONS: 

90 GwuEkaw TKUúuiug 6atc Yea? 
CHECK THESE FEATURES: 

ri 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." 
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! ri 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. 

Get your First Class Commercial F.C.C. License 
by training at 

GRANTHAM 
SCHOOL OF ELECTRONICS 

MI DO YOU want to get into ELECTRONICS? 

Do you have a SPECIFIC OBJECTIVE in mind 
... Are you shooting at a particular target 
(such as an FCC License)? 

Do you want the kind of training that will take 
you straight to this objective QUICKLY... 
without wasting valuable time on non- 
essentials? 

The Grantham Communications 
Electronics Course prepares you 
for your first class commercial 

F.C.C. LICENSE 
QUICKLY! 

CORRESPONDENCE OR RESIDENCE CLASSES 

EGrantham 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. 

ri YOU 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! 

HERE'S PROOF: Here is a list of a few of our recent graduates, the 
class of license they got, and how long it took them: License Weeks 

1st 12 
1st 20 

James C. Bailey, 217 Behrends Ave., Juneau, Alaska 
Edward R. Barber, 907 S. Winnifred, Tacoma, Wash. 
M. A. Dill, Jr., 20 Cherry St., Gardiner, Maine 
Bernhard C. Fokken, Route 2, Canby, Minn. 
Kenneth F. Foltz, Broad St., Middletown, Md. 
lames C. Greer, Mound City, Kansas 

1st 
1st 
1st 
1st 

12 
12 
12 
12 

Quickly r ̀  (Moil in envelope or poste on postal cord) 

To: GRANTHAM SCHOOL OF ELECTRONICS 

Accredited by the Notional Home Study Council 

1505 N. Western Ave. 408 Marion Street 3123 Cillham Road 821- 19th Street, N.W. 
Los Angeles 27, Calif. Seattle 4, Wash. Kansas City 9, Mo. Washington 6, D. C. 

(Phone: HO 7-7727) (Phone: MA 2 -7227) (Phone: 1E 1 -6320) (Phone: ST 3 -3614) 

MAIL COUPON NOW -NO SALESMAN WILL CALL 

1505 N Western 408 Marion 3123 Cillhan, Rd. 821.19th NW 
Los Angeles Seattle Kansas City Washington 

Gentlemen: 
Please send me your tree booklet telling how I can 

get my commercial F.C.C. license quickly. I understand 
there is na obligation and no salesman will call. 

Name Age 

Address 

City State 
Interested in: Home Study, Resident Classes 

L 2E -E 

May, 1962 13 
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Electroiiics \Vorld LAB TESTED 

Product Test Report 
.1(IIIO PROD( C7'S TESTED BY HIRSCH- IIOUCK LABS 

Sharpe Model HA -10 Stereo Phones 
"Knight" KN -1020 Stereo Tonearm 
Pioneer SH -100 "Stereoscope" 
Eico 250 A.C. V.T.V.M. & Amplifier 

Sharpe Model HA -10 Stereo Phones 
For copy of »ointifiiel i,rer's brae]iure. circle No. 57 on coupon 1 page 106). 

THE Model HA -10 "Live -Tune" ster- 
eo headphones, manufactured by E. 

J. Sharpe Instruments. Inc.. of Buffalo, 
N. Y., are constructed with exceptional 
solidity, each earpiece being enclosed in 

a high -impact rubber shell. The adjust- 
able steel headband is rubber -covered 
for the wearer's comfort. A six -foot 
molded rubber- covered cord, firmly an- 
chored to the earpieces, is terminated 
in a three -circuit phone plug, using a 
common ground for the two channels. 

The phones have unique liquid -filled 
ear pads, made of a flexible plastic ma- 
terial. These conform to the head con- 
tours with remarkable effectiveness. In 
our listening tests, we found that these 
phones not only completely excluded ex- 
ternal sounds, but also blocked radia- 
tion of sound from the phones into the 
room. No matter how loud the program 
f and surprisingly high sound levels can 
issue from these phones when they are 
not being worn), when the phones are 
pressed together along their seals, or 
placed on the head, absolutely no sound 
at all can be heard by anyone but the 
wearer. 

Probably another factor contributing 
to their freedom from radiated sound, 

and no doubt to their over -all perform- 
ance, is the fact that the earpieces are 
well filled with damping material, both 
behind and in front of the radiating 
diaphragm. 

Running up and down the spectrum 
with an audio oscillator revealed a 
smooth, peak -free response extending 
from 30 cps to over 15,000 cps. The low - 
frequency response was solid and free 
from audible distortion at reasonable 
listening levels, down to approximately 
30 cps. 

We measured the impedance of the 
phones as 8.8 ohms per channel at 1000 
cps. It remained virtually constant from 
20 cps to 8000 cps, rising slightly at 
higher frequencies. About 10 milliwatts 
of power is needed for good listening 
volume. To reduce hum and noise. which 
can be quite audible with the best of 
amplifiers when driving sensitive head- 
phones, we placed a 220 -ohm resistor in 
series with the output of each channel. 
The value is not critical, but some sort 
of attenuation is needed between ampli- 
fier and phones. The amplifier should be 
terminated in the correct load resist- 
ance to prevent damage to the output 
transformer or tubes. 

In listening tests, the phones sounded 
very much like a high -quality loud- 
speaker system. Their smoothness and 
excellent transient response were clear- 
ly audible. The muddiness which some- 
times occurs in headphones at high vol- 
ume levels was refreshingly absent. The 
phones would seem to be ideal for the 
critical listener who wants to enjoy 
good music in complete isolation from 
his surroundings. They offer the realism 
which can only be achieved with head- 
phones, without sacrificing the sound 
quality of a good loudspeaker. 

The HA -10 phones are priced at 
$43.50. 

"Knight" KN -1020 Stereo Tonearm 
For copy of nu mu factu'er's brochure, circle No. 58 on coupon (page 106). 

THE "Knight" KN -1020 stereo tone 
arm is manufactured in Denmark 

by Bang & Olufsen and distributed in 
this country by Allied Radio Corpora- 
tion of Chicago. It incorporates a num- 
ber of desirable features not usually 
found in inexpensive arms. 

The KN -1020 is a simple tubular arm 
with gimbal -type pivots. The vertical 
pivots appear to be of the needle type. 
isolated from the supporting gimbal ring 
by rubber bushings. Presumably these 
act as damping elements. The lower 
lateral pivot is a ball and socket type, 
with an indentation in the gimbal ring 

resting on a ball which is part of the 
arm post. A pin passing through the 
upper part of the gimbal ring serves 
as the upper pivot. The shielded wire 
leads are carried through the lower ball 
pivot and the arm post, emerging under 
the motorboard. 

The arm is fully balanced, with a 
calibrated spring to provide tracking 
forces from 1 to 4 grams. With the 
spring slack, the counterweight is ad- 
justed for vertical balance. The mass 
of the counterweight is eccentrically dis- 
tributed around the arm tube, and in 
the initial installation it is rotated to 
balance the arm laterally as well as 
vertically. When correctly balanced, the 
KN -1020 operates at any angle so that 

accurate leveling of the turntable is un- 
necessary. 

The friction of the stylus in the record 
groove produces a force tending to move 
the arm inward. This causes the stylus 
to lose contact with the outer groove 
wall at high recorded levels, producing 
distortion in one channel. The designers 
of the arm corrected this condition by 
offsetting the pivots so that they are 
not parallel and perpendicular to the 
plane of the record. They are tilted at 
a slight angle to the usual pivot orien- 
tation. This is intended to compensate 
for the inward frictional force and im- 
prove tracking of stereo records. 

The cartridge shell snaps in and out 
of place on the arm without tools. It 
appears to he foolproof and positive in 
its action. The shell is wired with clips 
to fit most types of cartridges. A con- 
venient finger lift is attached to the 
arm. The arm mounts in a single 
hole. at a distance of 8'j" from the 
turntable center. The shielded leads ex- 
tend about 5" from the bottom of the 
arm post, and a terminal strip is pro- 
vided for joining them to longer shielded 
cables connecting to the amplifier. 

We measured the tracking error of 
the arm at less than 1.5 degrees over 
the entire record surface. The stylus 

14 ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


superb UHF pictures where other methods fail 

ere 

MAST MOUNTED UHF 

BOOSTER /5 100001$ 

covet spec iIìc uhf 

chanoels from 14 l0 83 
The original Blonder- Tongue Ultra - 
booster covered only channels 70 to 
83. When it was introduced in the 
MPATI and translator areas, it was 
so dramatically effective that in- 
stallers throughout the country de- 
manded units for their particular 
UHF channels. There are now five 
standard models, each covering a 
specific portion of the UHF spec- 
trum: (1) UB 14 thru 29; (2) UB 
25 thru 40; (3) UB 41 thru 55; (4) 
UB 56 thru 69 and (5) the original 
UB for 70 thru 83. In addition, 
other frequency ranges are availa- 
ble on a custom basis. 
There's nothing like the Blonder - 
Tongue UB on the market today. 
Mast -mounted to take advantage of 
the maximum signal -to -noise ratio 
available at the antenna, it in- 
creases signal voltage by at least 
14db. The UB uses two low -noise 
frame grid tubes. The remote power 

ens,eee,ee and manufactured by 

BLONDE 

supply sends a 'safe' 24 volts of AC 
power to the mast- mounted UB am- 
plifier on the same download which 
carries the signal. The UB is en- 
closed in a weatherproof housing 
with swing -down chassis for easy 
servicing. The standard UB has 300 
ohm inputs and outputs. It is avail- 
able on a custom basis with 75 or 
50 ohm inputs and outputs. 

The UB may be used in master TV 
installations and for single sets in 
schools and homes. It delivers sharp, 
clear pictures in 'impossible' areas. 

The Blonder- Tongue UB and either 
of the Blonder- Tongue UHF con- 
verters, models BTC -99r and BTU - 
2s, are the perfect team for superior 
UHF - anywhere. Today, contact 
the world's most experienced manu- 
facturer of UHF products. For free 
16 -page Quick Reference Manual of 
TV Systems, write Dept. EW -5. 

R1 NTONGUE 
Conodion Dlr: Banco Television Assoc., Ltd., Tor., Ont. Export: Rocks Intl. Corp., N. Y. 16- CABLES: ARLAB 

home TV accessories closed circuit TV systems UHF converters master TV systems 

force calibrations on the arm agreed 
exactly with a balance -type gauge from 
2 to 4 grams, and read 0.75 gram at 
an indicated 1 -gram setting. Using the 
CBS Laboratories STR -100 sweep rec- 
ord, we found no spurious resonances 
from 40 to 20,000 cps. The low- frequency 
arm resonance, whose frequency de- 
pends on the stylus compliance, occurred 
below 15 cps, and had an amplitude of 
about 2 db. This indicates effective 
damping action in the arm. The friction 
force correction worked perfectly, with 
both channels tracking identically at all 
parts of the record. 

We had some reservations about the 
ball -type pivot used in the lateral plane. 
This would seem to be prone to higher 
friction than a needle pivot, for example. 
The friction is, in fact, somewhat higher 
than we have observed on other arms. 
If the arm is balanced and tapped 
gently, it moves and then stops abruptly, 
rather than drifting slowly to a stop. 
In spite of this, the friction is not high 
enough to interfere with the perform- 
ance of most cartridges. Using one high - 
compliance cartridge. able to track at 
under 1 gram in the best arms, we ob- 
tained good tracking at 1.5 grams in 
t he KN -1020. Most cartridges requiring 
2 or more grams tracking force will not 
be limited by this arm. 

The "Knight" KN -1020 is a well de- 
signed and constructed arm which 
matches the performance of many arms 
costing considerably more. It is fully 
flexible, easy to install, and convenient 
to handle. Additional plug -in shells are 
available, making cartridge changes a 
matter of seconds. The low rear over- 
hang Hess than 2t _."l permits its use 
in cabinets with limited space. 

The "Knight" KN -1020 arm sells for 
$19.95. Extra plug -in shells are $2.95. 

Pioneer 
SH -100 "Stereoscope" 

For r,'pg of manufacturer's brochure, 
circle No. 59 on coupon (pule 106). 

--- "--- , 

THE Pioneer SH -100 "Stereoscope." 
as far as we know the only device 

of its kind on the market, proves that 
some old -fashioned techniques still have 
their place. It is actually an acoustic 
phonograph pickup. coupled to a stetho- 
scope earpiece for individual listening 
and designed to play stereo records. 

The replaceable sapphire stylus is 
coupled to the acoustic transducers by 
a plastic yoke similar to those used to 
drive the elements of ceramic stereo 
cartridges. The transducers are con- 
nected to plastic tubes which are carried 

(Continued on page 20) 
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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 actually 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 feltthatthe 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 power amplifier, 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 -05 

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 Wingold Ave., Toronto. 
Prices slightly higher West of Rockies. 
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NRI- Oldest and Largest Radio 

Television School Now Offers 

NEW HOME STUDY TRAINING 

I N'& MILITARY 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 

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 
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 

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. 

Send for 1------ wooing 
64-Page f1eld °{ 

CATALOG Electronics 

FREE 

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 

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 fo 
your First Class FCC exams. You learn 
quickly, training at home in your spare time. 

3 COMMUNICATIONS 
Training for men who want to operate a 
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. 

4 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. 

SEE 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 

scan 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 

ÿtraining. "The course got me started on the road," he says. 

FIRST CLASS 
PERMIT 

NO. 20 -R 

(See. 34.9, P.L.6R.) 
Washington, D.C. 

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

POSTAGE WILL BE PAID BY 

anNational Radio Institute 
3939 Wisconsin Avenue 

Washington 16, D.C. 

NRI IS OLDEST -LARGEST 
SCHOOL OF ITS KIND 

Training men to suc -p 

' 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 CARD 
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E E _J. 
LAFAYETTE 

E 340 GIANT -SIZE PAGE 

1962 ELECTRONICS CATALOG #62 

"America's Hi -Fi & 
Electronics Shopping Center" 
Yours free for the asking - the biggest, best and 
most comprehenside 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. 

LAFAYETTE 
RADIO 
ELECTRONICS 
CAT NC, 670 196 

NEW! CB TRANSCEIVER 
with B CRYSTAL CON- 
TROLLED CHANNELS. 
HE -20B 109.50 

CB " WALKIE- TALKIE" 
CRYSTAL CONTROL 
RECEIVE AND TRANSMIT. 
HE -29AL Net 39.95 

2 for 78.88 Mt 

10,000 
O HMS-PE R.VOLT 

MULTITESTER 
TE 10 9.95 

itsota,,e 

LAFAYETTE'S 
NEW MAIL ORDER and SALES CENTER 

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

SYOSSET, LONG ISLAND, NEW YORK 

/MR REN 
RAR MIR 

2 ,NOta 11 5 T.Mf. 

, +u Tx FPtwl L L Now a+. r OUR 41st YEAR 
SRAM - N,.s st AROS'". ..el. u-, ,.1 

0R OL RsY-M 4 -u-, Rla NR.C M.- { 
sse ma la n 

r` I y` ttr. 

:,. 

AT G 62 

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. 

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 -l0, Wired 79.93 

I 
1 

1 

1 

.11111111111.1111' 

FM MULTIPLEX ADAP- 
TOR Kit. Fits wid- 
bond tun,, with or 
without MPX output 
tacks. 
KT -220 No 19.95 

CITIZENS 
BAND 
MOBILE ANTENNA WHIP 
HE -800WX 6.95 

LAFAYETTE RADIO DEPT. RE -2 

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

Rush my FREE La /ayette 1962 Catalog 620 

Please send me # 

1 am enclosing $ 

shipping charges collect. 

340 PASES 

I Name 

Address 
I 
' City Zone State 

J 
May, 1962 19 
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for electronic assembly 

and service work 

Shockproof (UL), breakproof, 
plastic handles with clips 

ROUND BLADE SCREWDRIVERS 

and %" x 2 ", 3", and 
4" blades 

PHILLIPS SCREWDRIVER 

Point size ttO, 2" blade 

BERYLLIUM -COPPER SCREWDRIVER 

Non -magnetic, non sparking 
%" x 2" blade 

NUTDRIVERS 

10 Hex sizes from 3,,2" to 
1%" blades 
Color coded handles 

TERMINAL WRENCHES 

Fit % " and n0" O.D. spanner nuts 
on external antenna and phone 
jacks of transistor radios 

WRITE FOR LITERATURE 

PROFESSIONAL 
POCKET TOOLS 
XCELITE, INC. ORCHARD PARK, N. Y. 

Canada: Charles W. Pointon, Ltd., Toronto, Ont. 

(Continued from pare 16) 
through the two parallel sections of the 
plastic arm to the yoke on which the 
arm pivots. These pivots are ingenious 
rotary joints, reminiscent of the rotary 
coaxial fittings used on radar antennas, 
which carry the signals to two metal 
fittings at the rear of the arm. 

The stethoscope earpiece is connected 
to the arm by a pair of 1/4" i.d. plastic 
tubes, about 71/4 feet long. The stylus 
vibrations drive individual diaphragms 
in the transducers, which transmit pres- 
sure waves through the left and right 
channel tubes to the ears. Channel bal- 
ance, volume control. and mixing are 
accomplished by a simple and foolproof 
system of valves, in a fitting inserted 
in the tubes. A pair of thumbscrew - 
operated valves regulate the volume in 
each tube. and their relative settings 
adjust channel balance. A third valve 
controls the coupling between the two 
tubes, mixing the signals before their 
arrival at the ears. It may he set for any 
condition from stereo to mono. 

The arm, which includes a built -in 
rest, may be mounted on a motorboard 
in the conventional manner. If it is in- 
stalled on a portable player which does 
not permit the required 71530" distance 
from arm pivot to turntable center, an 
extension bracket is supplied. A rubber 
suction cup can also be used for tempo- 
rary installation on any smooth surface. 

The stylus is protected against acci- 
dental damage by a pair of tiny rubber 
wheels on either side of it. When it is 
placed on a rotating record, the wheels 
retract, and are automatically reset 
each time the arm is returned to its rest. 
The normal tracking force of the SH- 
100 is 6 grams. 

The tracking error of the arm varies 
from 0 degrees at a 2" radius to 6.5 
degrees at a 6" radius. It is acceptably 
low, in view of the usual application of 
this device. When playing a frequency 
test record, the audible range of the 
SH -100 was approximately 30 to 10.000 
cps. The response falls off above 1500 
cps, to approximately equalize the usual 
RIAA recording pre- emphasis. Although 
there is some loss of volume below 100 
cps, the lower bass is very full. These 

are the only earphones we have used 
which make turntable rumble clearly 
audible. 

Listening to stereo records with the 
Pioneer "Stereoscope" was, of course, 
the ultimate test. Most people who used 
the "Stereoscope" approached it with a 
certain amount of skepticism. Without 
exception, they were amazed at the 
quality of sound it produced. It wasn't 
"high fidelity," in the true sense of the 
term, but nonetheless was very pleasant, 
listenable sound. The stereo separation 
was as distinct as we have ever heard 
from earphones, and the blend control 
worked perfectly. Listening volume was 
excellent. 

The general sound was on the "mel- 
low" side, but sufficient highs were 
present so that the sound could not be 
considered as being muffled or "dead." 
The lows were truly remarkable, with 
pipe organ records producing a realistic 
pressure on the eardrums. Having re- 
cently had occasion to hear several 
"name brand" packaged phonographs 
selling in the $200 to $500 range, we can 
honestly say that the Pioneer "Stereo- 
scope" reproduced a wider frequency 
range, had lower apparent distortion, a 
better stereo effect, and generally more 
pleasing sound than any of them. 

The 6 -gram tracking force of this 
pickup is rather high by current high - 
fidelity standards, and we wouldn't care 
to play our most treasured records with 
it. After several playings of some rec- 
ords, however, we could not hear any 
degradation of their sound on a good 
reproducing system. The "Stereoscope" 
also produces a large amount of needle 
talk, which makes much of its output 
audible to others in its vicinity. 

This unusual reproducer seems par- 
ticularly suited for use at the beach, 
or when camping, since it can be 
attached to any spring- or battery -oper- 
ated turntable. Additional stethoscope 
earpieces and couplers are available so 
that up to four persons may listen 
simultaneously. 

The Pioneer SH -100 "Stereoscope" is 
distributed by Lafayette Radio. It sells 
for $9.95. Additional earphone kits are 
52.95 each. 

Eico 250 A.C. V.T.V.M. and Amplifier 
For copy of manufacturer's brochure, circle No. 60 on coupon (page 106). 

HE Model 250 is another instrument in Eko's 1 line of professional and industrial test 
equipment. This unit is a highsensitivity, wide - 
band a.c. vacuum -tube voltmeter that is ideally 
suited for making audio measurements. Even the 
very low -level signals from magnetic phono car- 
tridges and microphones can be easily read on 
the meter. 

The instrument has 12 ranges, from 1 mv. to 
300 volts full scale, and readings may be made 
directly in db, if desired. The meter actually re- 
sponds to the average value of the applied a.c. 
signal, but the scale is calibrated to read r.m.s. 
values of a sine wave. The two voltage scales are 
perfectly linear making them easy to read. Input 
impedance of the meter is 10 meg. shunted by 
15 µµf. 

The block diagram shows the circuit arrange- 
ment used in the instrument. On the six low 

ranges, the input voltage is applied directly to 
a cathode- follower. On the six higher ranges, the 
signal goes through a frequency- compensated 
60 -db (1000:1) voltage divider before being ap- 
plied to the cathode -follower. At the output of 
this stage is a 6 -tap divider which is switched 
for the various ranges. Signal is then applied to 
a two-stage, wide -band pentode amplifier whose 
output contains a full -wave crystal -diode bridge 
circuit. This circuit rectifies the signal and applies 
it to the 200 -µamp. indicating meter. Degenero- 
tive feedback is used to keep the amplifier stable 
and linear. New frame -grid tubes are used 
throughout for high gain. A voltageregulated 
power supply keeps the readings constant in spite 
of line- voltage changes and dc,-biased heaters, 
along with a hum pot, keep the internal hum from 
the heaters at a low value. 

(Continued on page 60) 
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In AIL theorId Never a Kit Value Like This 

FM STEREO BY knight-kit 
$ 95 

MO MONEY 

ONLY DOWN 

STEREO FM 
MULTIPLEX KS -10A 

ADAPTER KIT 

a pleasure 
to build... 

a revelation 
in performing 

quality 

_..---- 
jtw f! NW.. :.. 

enjoy beautiful Stereo FM reception at unbelievably low cost 

IDEAL FOR USE WITH ANY FM OR FM -AM 

TUNER WITH MULTIPLEX OUTPUT JACK 

PROOF OF SUPERIOR VALUE 
Self -powered -installs out of sight Separation control 

for precise stereo adjustment (23 db separation) Input 
sensitivity 0.2 volts Frequency response 50- 15,000 
cps, 1-1 db Noise filter (switchable) for use in weak 
signal areas Top -performing circuit using 2 dual and 1 

triple -purpose tubes Power supply is transformer - 
operated; uses selenium rectifier Pi- filter network for 
ripple -free B +voltage - hum is practically inaudible 
Prealigned coils AC on -off switch Three 36" connect- 
ing cables included. 

Simply plugs into your tuner's Multiplex output and 
your amplifier's tuner inputs. With all connecting 
cables, tubes, parts, and famous Knight -Kit step -by- 
step instructions. 33d x 8' x 4 ". For 110 -125 v. 60 
cycle AC. Shpg. wt., 4 Ibs. 

typical of the value and quality of over 
100 other great KNIGHT -KITS 

KNIGHT ELECTRONICS DIVISION 

ALLIED RADIO 
May, 1962 

Now you can have the pleasure of an easy kit -building 
experience. Now you can enjoy all the tonal beauty and 
realism of Stereo FM broadcasts just by adding this 
quality Knight -Kit Multiplex adapter to your present 
stereo music system. The savings simply can't be 
duplicated. The quality can't be matched for anywhere 
near the price. Order the KS -10A Knight -Kit Multiplex 
adapter today -no money down (just check X1n95 
coupon). An unbeatable value at only ... 
Satisfaction guaranteed or your money back 

ALLIED RADIO, 

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

Ship me KS.10A Knight -Kit Multipler Adapter(si 83YX656F 

Ship on Allied's Credit Fund Plan -no money down 

S enclosed (check) (money order) 

Name 

Address 

City lone State 
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These two words . . . 

perhaps more than all 
others, describe the 

INTERNATIONAL 
MODEL 100 EXECUTIVE 

CITIZENS BAND TRANSCEIVER 

Superior performance is the 
product of efficient design, 
precision engineering, top quality 
components and construction. From interior to the clean attractive lines of its 

exterior, the Model 100 gives you that extra measure of reliability. 

Check these outstanding features . . . 

Crystal filter for minimizing adjacent channel interference. Built -in 

calibration circuit 12- position crystal controlled transmit 
channel selector Front panel microphone jack Provision for 

connecting external speaker and S /meter Tunable dual con- 

version superheterodyne receiver covering all 23 channels. Two 

crystal controlled receive positions Push -to -talk operation 
Three way power supply for 6/12 vdc and 115 vac Five watts 

plate input Certified tolerance ± .005% Brown cabinet with 

brown and silver panel Dimensions: 51/2" H. x 81/2" W. x 9" D. 

Complete with 1 transmit crystal, 1 receive crystal, new style ceramic microphone 

External S /Meter and Speaker 
This external S /meter and speaker is the perfect companion for 

the Model 100. Constructed with the same clean lines and fine 

craftsmanship. Utilizes a high impedance vacuum tube volt 

meter circuit. Connects to socket on rear of transceiver. S /meter 
reads in three ranges. Complete with 

interconnecting 
cable $49.50 

INTERNATIONAL 
CRYSTAL .MFß.. CO., INC. 

and coil cord $199.50 

The next time you visit your International dealer ask 
him for a demonstration of the Model 100 Executive 
and the system- engineered accessories. A complete 
catalog of International equipment and crystals may 
be obtained by writing International Crystal Mfg. Co. 

HI NORTH LEE OKLAHOMA CITY, OKLAHOMA 
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FROM MC. 6OlOMYM- MAY( X 3MO[L RROMSiOM S PRODOCÜOR oF NG OF KINGS 

IT'S 
SOUNDCRAFT 

IN THE 

GREAT MOTION 
PICTURES! 

If you believe that all recording tapes are the same ... read these facts about Soundcraft: today's great motion 

pictures depend on the most extensive stereophonic techniques and effects. To achieve them requires a magnetic product capable 

of satisfying the most critical demand. For years one name has consistently won virtually 100% acceptance of the uncompromising 

technicians of this industry. That name -Soundcraft. The fact is the development of the Soundcraft Magna- Stripe Process revolu- 

tionized the course of the entire industry -led to the advent of the stereo sound tracks of the great wide screen films. For this, 

Soundcraft was awarded the only Academy Award "Oscar" ever given to a recording tape manufacturer. Today the sound you hear 

in the great MGM (Camera 65), Todd AO, Cinemascope and other wide screen productions is repro- 

duced on Soundcraft magnetic products. Motion picture producers investing millions of dollars can't 

afford to take chances. That's why "It's Soundcraft in the great motion pictures!" You, too, can 

have this same measure of superior performance and reliability in your own recordings by switching 

to Soundcraft -where professional performance is the standard and satisfaction the guarantee. 

See your Soundcraft Dealer today and let him put you on the right "sound" track with Soundcraft. 

REEVES SOUNDCRAFTCORP. 

SOUNDCRAF 

SOUNDCRAFT 

UNDCRAFT 

DCRAFT 

DCRAFT 

DCRAFT 

OUNDCRAFT 

SOUNDCRAFT 

N l RA 

Main Office: Great Pasture Road. Danbury. Connecticut New York: 10 East 52nd St. 

Chicago: 28 E. Jackson Blvd. Los Angeles: 342 N. LaBrea Toronto: 700 Weston Rd. 
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Eicaq,,,UNCOMPROMISING ENGINEERING 
BEST BUYS IN SERVICE INSTRUMENTS: everything from Scopes to Probes 

DC.5 MC 

5" Scope =460 
Kit $79.95 
Wired $129.50 

Also Avail. -5" Push -Pull Scope #425 
Kit $44.95 Wired $79.95 

fit e° ; t! o 

PeakTo -Peak WON 
VTVM =232 
& tUni.Probe f) 
Kit $29.95 ¡ 
Wired $49.95 

VTVM :221 
Kit $25.95 
Wired $39.95 

Dynamic Conductance 
Tube 8 Transistor Tester =666 
Kit $69.95 Wired $109.95 
Complete with steel cover 8 handle 

ám 

TV -FM Sweep Generator 
& Marker =368 
Kit $69.95 Wired $119.95 

BEST BUYS FOR INDUSTRIAL TESTING: everything from Bridges to Supplies 

NEW Metered 
Variable 
Auto -Transformer 
AC Bench 
Supplies: 
=1073 (3 amp.) 
Kit $35.95 
Wired $47.95 
=1078(7y amp.) 
Kit $42.95 
Wired $54.95 

NEW Extra-Low- 
Ripple 6 & 
12 Volt 
Battery 
Eliminator 
& Charger =1064 
Kit $43.95 
wired $52.95 

NEW AC 
VoltWatt 
Meter #260 
Kit $49.95 
Wired $79.95 

1350 Combinations! 
Series /Parallel R -C 

Combination Box =1140 
U.S. Pat. No. 2954518 
Kit $13.95 Wired $19.95 

BEST BUYS IN STEREO & MONO HI -FI: everything from Tape Decks to Speakers 

TRANSIS. An original n ve IWWO rr^eo ! 

TORIZED desxned unni uwractnrea , me 
U.SA. IPalents Peneingi 

Stereo/ 
Mono 
4 -Track 
Tape 
Deck 

Wired 
Model 
RP100W 
$399.95 

Semi.Kit 
Model 
RPIOOK 
Electronics in Kit form $299.95 

) [LW 
1) .Z 

A5 

IM r,,m,.ni . 
nrTA:, srq,s Anl 

,., P,niir tun., 

a: ..= _a 

F1111.1'1181111111.111.111°111.112 

NEW FM -AM Stereo Tuner ST96 
Kit $89.95 Wired $129.95 Inc. FET 

NEW 70 -Watt Integrated 
Stereo Amplifier ST70 
Kit $94.95 Wired $149.5 

NEW 40 -Watt Integrated 
Stereo Amplifier ST40 
Kit $79.95 Wired $129.95 

l n 
1 ,i! .11il}5i,usrl,Oriv nq1i; 

Bookshelf Speaker System HFS1 
Kit $3995 Wired $47.95 

BEST BUYS IN "HAM" GEAR: from Transmitters to Code Oscillators 

NEW 60 -Watt CW Transmitter _723 
Kit $49.95 Wired $79.95 

90-Watt CW Transmitter =720 
U.S. Pat. No. D. 184776 

Kit $79.95 Wired $119.95 

Universal Modulator Driver =730 
Kit $49.95 Wired $79.95 
Cover E -5 $4.50 

Grid Dip Meter =710 
Kit $29.95 Wired $49.95 

Over 2 MILLION EICO instruments in use. Comoare EICO side -by -side critically with products selling for 2 or 3 times more. 
Buy your EICO right "off the shelf" from 2000 neighborhood dealers coast to coast, most of whom offer budget terms. 

BEST BUYS IN CITIZENS TRANSCEIVERS AND TRANSISTOR RADIOS 

Over 106unique 
products to 

r- - choose from! 
EICO, 3300 N. Blvd., L.I.C. 1, N.Y, EW -5 Send free 32 -page catalog & Distributor's name. 

, 0 Send Free Schematic of I Model No. 
Send new 36 -page GUIDEBOOK 

TO HIFI I for which I enclose 25c for Postage & handling. 
Name_......._............ 

Address................. 
. 

...... .. City _............ Zone State ........... 

Citziens Band Transceivers 
From: Kit $59.95 Wired $89.95 
Superhet; prealigned xmitter 
osc; match different antennas 
by variable "pi" network. 
Single & multi -channel models. 

Listen to the EICO Hour, WABC -FM, N. Y. 95.5 MC, Mon. -Fri., 7:15 -8 P.M. 

24 

NEW Walkie-Talkie 
Citizens Band 
Transceiver #740 
Kit $54.95. 
Wired $79.95. 
Carrying Case $3.95. 
Complete with recha geable 
leakproof battery & charger. 
Operates 2500 hours on the battery. 
U. S :made by EICO. 

Transistor Portable Radio RAS 
Kit $29.95 Incl. FET. 

1962, EICO Electronic Instrument Co. Inc.. 3300 N. Blvd.. L.I.C. 1. N.Y. Add 5% in West 
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MORALISTS may debate 
whether the world is better 
for the many technological 

advances of the past century, but no 
one can deny it is noisier. When man 
flies a jetliner, builds a skyscraper, or 
operates a factory, he makes noise -a 
lot of it. It seems that you can't do big 
things without making big noises. 

But man the noisemaker is also man 
the noisechaser, spending many millions 
of dollars each year to reduce noise. The 
direct cost of devices, materials, and 
labor is large, but only part of the story; 
add the cost of efficiency sacrificed in 
automobile and jet engine noise muf- 
flers, and you have an annual pricy tag 
well over $100 -million. Of this amount, 
the relatively small part spent on 

N 0 

urement, the reference quantity is a 
pressure of 0.0002 microbar (dynes/sq. 
cm.), which is about the pressure of 
the weakest sound that can be heard 
by a person \with very good hearing 
in a very quiet place. One microbar 
pressure equals approximately one - 
millionth of normal atmospheric pres- 
sure. The range of pressures detectable 
by the human ear is so great that it is 
easier to use decibels than microbars to 
express sound pressure level. The rela- 
tion is: sound pressure level (db) = 20 
log (P /0.0002) where P is the root -mean- 
square sound pressure in microbars, for 
the sound in question. 

\'hen you use the term decibel, then, 
you should keep in mind the reference 
level you are using in the implied com- 

sE 

Laboratory, Teddington, England. Note 
the peak response at alxnit 4000 cycles 
and the substantial roll -off below a few 
hundred cycles. We can see from this 
chart that a sound of 80 -db sound pres- 
sure level sounds 90 phons "loud" at 
4000 cycles but only 60 phons "loud" 
at 45 cycles. (A phon is a unit of loud- 
ness level. By definition, the number of 
phons equals the number of db of an 
equally loud 1000- cycle tone.) 

The information shown in Fig. 1 is 
based on malty experiments using a 
pure -tone source. Since most noises arc 
not pure tones. some experts prefer 
response data based on random -noise 
experiments. But all agree that some 
compensation for the loudness-vs- 
frequency effect must be incorporated 

AND ITS MEASUREMENT 
By FREDERICK T. VAN VEEN ; General Radio Company 

noise- measuring equipment must be 
considered a bargain, for measurement 
is the only way of telling whether the 
rest of the money is wisely spent. 

Man -The Noise -Measuring System 
Man is really the ultimate noise -meas- 

uring system and the science of noise 
measurement is often an attempt to 
measure noise the way the human mech- 
anism does. Of primary interest is the 
concept of loudness. Loudness is a 
purely subjective parameter, beyond di- 
rect physical measurement. But it is re- 
lated to the pressure level of the sound 
(sound being a variation in normal at- 
mospheric pressure), and this relation 
provides the starting point of noise 
measurement. 

Sound Pressure Level & the Decibel 
Since the term "decibel' is often 

abused, we will first state what it is 
not. It is not a specific quantity, like a 
ton, or a mile, or a minute. It is really 
the logarithm of a ratio of one quantity 
to a reference quantity. In noise meas- 

parison. The level is often stated as, for 
instance, alb re 0.0002 µbar. 

Most everyday sounds lie in the range 
from 50 to 90 cub. It's doubtful that 
you've ever heard a noise louder than 
140 db. Fig. 3 shows where some com- 
mon noises lie on the db scale. 

One last \vorcl about the decibel: 
You'll note from the above equation 
that it's logarithmic, and you must con- 
sider this when combining decibels. Two 
60 -db noises combine to produce a 63 
(not 120) db noise. 

Frequency 
The ear's sensitivity varies with fre- 

quency, and the response curve itself 
varies with sound pressure level. If we 
are to relate sound pressure level to the 
subjective concept loudness, we )oust 
compensate for the ear's frequency re- 
sponse. This response is shown in Fig. 
1, where all points on any single curve 
represent equal sound pressure level. 
These curves are based on equal -loud- 
ness contours determined by Robinson 
and Dadson at the National Physical 

in any realistic noise measurement that 
is used. 

Microphones for Noise Measurement 
Noise measurement always begins at 

a microphone, the place %%here sound is 
converted to voltage. If the voltage out- 
put doesn't correspond to the sound 
input, the measurement will not give 
correct results. For this reason, proper 
choice of microphone is all -important. 

Three types of microphones are used 
in noise measurement: piezoelectric, ca- 
pacitor, and dynamic. Of these, the first 
two are most widely used in sound - 
level measurements. 

The most popular microphone for 
sound measurement has long been the 
Rochelle -salt piezoelectric type, favored 
for its high output and good frequency 
response. Its major drawback, known by 
anyone who ever left one in a closed car 
on a hot summer day, is its sensitivity to 
temperature and humidity. 

A fairly recent development is the PZT 
(for lead titanate -lead zirconate) piezo- 
electric microphone. The PZT offers out- 

Man, the noisemaker, spends millions each year to reduce noise. In 
order to check on the effectiveness of his remedies, instruments must be 
used to measure noise level. Here is how these instruments do their job. 
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A sound -level meter being used to check the noise level inside an airliner. 

put and frequency response comparable 
to those of the Rochelle -salt microphone, 
without the troublesome temperature 
characteristics. The PZT microphone is 
gaining fast acceptance for its electrical 
excellence and reasonable cost. 

The capacitor microphone takes the 
prize for frequency response and also 
(wouldn't you know) for highest price. 
It requires a source of polarizing voltage 
and a preamplifier right at the micro- 
phone itself. For most measurements, 
the difference in frequency response be- 
tween the measurement -type PZT and 
capacitor microphones would not justify 
the considerable difference in cost. Still, 
if you need optimum frequency response 
above 8 or 10 kc., the capacitor micro- 
phone may be worth the difference. 

When a piezoelectric or capacitor 
microphone is used at the end of an 
extension cable (as is often desirable), 
correction factors must be applied for 
cable length. The dynamic microphone 
does not require these corrections and 
is, therefore, often used in such appli- 
cations. 

Sound -Level Meters 
The basic noise- measuring instrument 

12 

10 

2 

26 

is the sound -level meter, an example 
of which is shown above. It includes 
a microphone to pick up the sound be- 
ing measured, a calibrated attenuator, 
weighting networks, an amplifier, and 
an indicating meter. The weighting net- 
works, based on frequency- response data 
similar to that shown in Fig. 1, repre- 
sent an attempt to convert raw sound 
pressure into something more represent- 
ative of the way we hear things. Speci- 
fications for weighting networks are 
standardized in the ASA "American 
Standard for Sound -Level Meters for 
the Measurement of Noise and Other 
Sounds" (S1.4,1961). See Fig. 2. 

Sound -level meters come in a variety 
of shapes and sizes. Perhaps the simplest 
is a sound -survey meter. Strictly speak- 
ing, this is not a sound -level meter (i.e., 
it doesn't completely conform to the 
ASA specification mentioned above), but 
it does measure sound- pressure level and 
does include weighting networks. This 
instrument is small, inexpensive, and 
easy to use and is very popular with 
the many people who want merely to 
measure, say, relative loudness of two 
similar sounds, or who want to make 
"before" and "after" noise checks in the 

Fig. 1. Loudness for constant sound -pressure levels (SPLI. 
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process of noise- proofing a machine, of- 
fice, etc. Because of its small size and 
battery operation, it is an excellent de- 
vice for making spot checks of noise 
almost anywhere. 

The true sound -level meter is a 
"must" for anyone who is undertaking 
serious noise measurements. A good 
sound -level meter boasts a sensitive, non- 
directional microphone, a precise attenu- 
ator, a built -in calibrator, a choice of fast 
or slow meter response, provision for 
using other input transducers (such as 
a vibration pickup or a special- purpose 
microphone), and an auxiliary output 
connector, so that the output can be fed 
to an analyzer or recorder. If the sound - 
level meter is to be used in the field, it 
should contain its own power supply and 
be lightweight and easy to carry. 

The $400 or $500 paid for a good 
sound -level meter is an important in- 
vestment in any anti -noise campaign. 

Analyzers 
Knowledge of the frequency spectrum 

of a noise is often very valuable, espe- 
cially when you are trying to track down 
a specific noise component. The sound - 
level meter, even with its weighting 
networks, reveals very little about fre- 
quency distribution. By feeding the out- 
put of the sound -level meter to an 
analyzer, however, you can "tune in" the 
noise in just about any part of the audio 
spectrum. 

Sound analyzers may be classified by 
bandwidth, or selectivity, characteristics. 
The most common types have band- 
widths that are a constant frequency or 
a constant percentage of frequency. A 

typical constant - frequency - bandwidth 
analyzer has a response with a four - 
cycle flat top and very high rejection 
outside the passband. The most common 
constant- percentage -bandwidth analyzer 
is the octave -band analyzer, which con- 
tains a set of bandpass filters, covering 
ASA- specified octave frequency bands. 
Other analyzers use half- octave, third - 
octave, and even narrower bandwidths. 
With some instruments, you can switch 
to any one of two or more characteris- 

Fig. 2. Frequency response of standard weighting networks. 
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tics, depending on the application. 
The narrower the bandwidth, the more 

information can be gained from the anal- 
ysis. Therefore, the narrow -band ana- 
lyzer reveals much more about the noise 
than does the octave -band analyzer. But 
for most noise studies, the octave -band 
analyzer is entirely adequate, and bring- 
ing in a narrow -band analyzer would be 
like bringing a telescope to a football 
game. 

Impact -type noises require special 
handling and a special instrument, the 
impact -noise analyzer, is the only con- 
venient way of measuring significant 
properties, such as peak level and dur- 
ation. 

Recorders 
Level recorders are widely used to 

chart data from sound -level meters and 
analyzers. The use of the recorder greatly 
increases the usefulness of noise -meas- 
uring equipment. For instance, a sound - 
level meter set up to monitor traffic 
noise at a certain spot can be left un- 
attended while a recorder charts noise 
level Ds time. By driving a recorder from 
a sound analyzer ( in turn driven from 
a sound -level meter), you can plot the 
curve of amplitude vs frequency of 
noise. And, of course, in almost any type 
of measurement, it's nice to have a record 
On paper. 

Another type of recorder -the tape re- 
corder -can be used to preserve a noise 
for later playback for laboratory analysis. 
For this type of work, a high- quality 
magnetic tape recorder must be used. 

Other accessories found in the %vell- 
equipped noise laboratory are calibra- 
tors, both electrical and acoustical, to 
insure accurate measurements, special - 
purpose microphones (for very high 
noise levels, for instance), tripod, exten- 
sion cables, oscilloscope, and vibration - 
measuring apparatus. 

Measurement of Noise 
Sometimes noise measurement simply 

means having a sound -survey meter tell 
you that the noise is so many db. Some- 
times it involves much more. It all de- 
pends on the nature of the problem and 
how much it's worth to solve it. What- 
ever the measurement, you will be using 
a sound -level meter either to indicate 
noise level or to feed an analyzer for 
further interpretation. 

A sound -level meter is deceptively 
easy to use. You turn it on, check its 
calibration, place its microphone at the 
desired point of measurement, switch 
to One of the weighting networks (A, B, 
or C), and turn an attenuator switch 
until the meter gives an on -scale indica- 
tion. The sound level is indicated by 
the sum of the meter reading and the 

Fig. 3. Some typical noise levels. Figures 
in parentheses indicate the distances from 
the noise sources to the sound -level meter. 
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attenuator switch setting that is used. 
As you can sec, manipulating the con- 

trols of a sound -level meter is child's 
play. Positioning the microphone prop- 
erly, determining the effects of back- 
ground noise, and deciding which 
weighting network to use arc slightly 
more complicated. And interpreting the 
results. assessing the validity and sig- 
nificance of data -these are things that 
take noise measurement out of the little - 
league class. 

Microphone Placement 
Most microphones used in sound 

measurement are essentially non- direc- 
tional at low frequencies, but show some 
directional effects up where the size of 

the microphone is comparable to the 
wavelength of the sound in air. Fig. 4 

shows how the response of a typical 
measurement microphone varies with 
the incidence with which the sound 
strikes. Note a possible difference of 
8 db between 0 and 90 degree incidence 
at 8000 cycles. Given a microphone with 
such response, you would place it to 
receive the sound at a grazing (90 °) 
incidence, since the 90° curve is the 
flatter of the two responses. 

There is a natural tendency for the 
measurer to face the noise source, hold- 
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Fig. 4. Response of measurement microphone 
at various angles of the incident sound. 

ing the sound -level meter in front of 
him as if he were taking a snapshot of 
the noise. By "backstopping" the noise 
in this way, the measurer distorts the 
measurement. The recommended posi- 

The sound- survey meter is small, easy -to- 
use, and battery -powered for portability. 

tion is to one side of a line from noise 
source to microphone, with the meas- 
urer facing in a direction perpendicular 
to the noise path. Better still, remove 
the measurer from the microphone en- 
tirely, by using a tripod and extension 
cable. 

If you're concerned with the noise 
level at one particular point only, that 
point is obviously where you make at 
least one of your measurements. If you're 
evaluating the speech -interference or 
hearing -damage capabilities of the nuise. 
you would place the microphone where 
the subject's ear should normally be ( but 
with the subject out of the way, where he 
won't interfere with the measurement). 

Test codes on apparatus noise meas- 
urement specify the places of measure- 
ment, and the American Standard Test 
Code for Apparatus Noise Measurement 

Fig. 5. Curves showing a number of octave -band analyses of common factory noises. 
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points out the wisdom of exploring the 
noise field before deciding on micro- 
phone locations. 

One more thing on microphone place- 
ment: Keep it out of the wind. Wind on 
the microphone produces a low -fre- 
quency noise that can seriously affect 
measurements. One way of reducing the 
effect is by use of a wind screen. 

Weighting Networks 
As mentioned earlier, any realistic 

noise measurement must take into 
account the frequency -response charac- 
teristics of the human car. This is the 
historical foundation for the weighting 
networks found in all sound -level meters, 
although no one today suggests that 
weighting networks actually translate 
raw sound pressure level into the sub- 
jective notion of loudness. There are 
three ASA- specified weighting networks, 
whose characteristics are shown in Fig. 
2. Some authorities suggest selection of 
weighting networks on the basis of the 
range of levels to be measured (e.g., B 
weighting from 65 to 75 db). Some ad- 
vocate the use of A weighting for com- 
parison of noises of different types, and 
certain noise -test codes specify the 
weighting network to be used in all cases. 
Perhaps the wisest course is to measure 
and record levels on all three weighting 
networks. For one thing, the three figures 
can be used to produce a rough fre- 
quency analysis.' For another, it is always 
a good idea to store such data; you never 
know when you might want it. 

Now that you have measured noise 
level, what do you do with it? Well, if a 
test code specifics that the B- weighted 
level should be less than 80 db and 
you've measured it at 85 db, you know 
that the test has been flunked. Or yens 

might have made the measurement to see 
svhether certain noise levels are likely to 
cause hearing damage. in which case you 
might compare your findings with sug- 
gested criteria.' 

But for many noise measurements, the 
sound -level meter by itself is not enough. 
Too much depends on the frequency dis- 
tribution of the noise, and thus the oc- 
tave -hand analyzer has become the sec- 
ond tool of the track. 

The octave -band analyzer measures 
the noise level of any of eight ASA -spec- 
ified frequency bands. These bands are: 
20 -75, 75 -150, 150 -300, 300 -600, 60(1- 

1200, 1200 -2400, 2400 -4800, and 4800- 
9600 cps. These octave -band levels can 
be used to compute loudness level in 
phons.' Also by taking the average of the 

(Continued on page 78) 

1. Peterson 8e Gross: "Handbook of Noise Meas- 
urement." General Radio Company. West Concord. 
Mass. Fourth Edition. page 35 I after Cox I. 
2. We recommend that those concerned with noise- 
induced hearing loss request the latest information 
on this subject from the Research Center. Subcom- 
mittee on Noise of the Committee on Conservation 
of Hearing. American Academy of Ophthalmology and 
Otolaryngology. 327 S. Alvarado St.. Los Angeles 
57. California 
3. Stevens. S. S.: -Calculating Loudness." Noise 
Control. Vol. 3, No. 5. September 1957. pages 
11 -22. 
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THE tunnel diode, one of the re- 
cently developed semiconductor 
devices, will soon make its ap- 

pearance in a wide variety of electronic 
circuit applications. Technicians, serv- 
icemen, and experimenters should, 
therefore, become familiar with the 
characteristics and operation of this 
solid -state device and should have avail- 
able an inexpensive set -up for testing 
them. Testing any new electronic device 
is a basic step in learning something 
about it and how it is to he applied in 
various applications. 

A tunnel diode is normally operated 
in the negative -resistance region of its 
characteristic curve. This region lies be- 
tween its peak point current (I ) and 
the valley point current (I.). Current 
data for I and I,. is given in the manu- 
facturer's specifications for any par- 
ticular diode. We wish, then, to test 
any diode to see if it meets these speci- 
fications. This may be done with the 
test circuit shown in Fig. 1. 

Test Circuit 

To operate properly in the negative - 
resistance portion of the characteristic 
curve the tunnel diode should work from 
a low- impedance d.c. supply. This is 
provided by the 18 -ohm resistor R 
across which the diode to be tested is 
connected. Control R, allows the bias 
to be varied to suit a given diode. 

The 0 -1 ma. test meter can be shunted 
by resistor R, which is inserted into the 
circuit by switch S,, thus increasing the 
range of the meter by a factor of 10. 
This is a convenience when testing di- 
odes rated above 1 ma. 

The value given for the meter -shunt 
resistor is, of course, for the particular 
meter used by the author. Shunts for 

TEST CLIPS 

R2 

Soon 33A 

+481 - 1112V. 
-IC CELL) 

R3 
IBA. RED LA 

BINDING 
POSTS 

MI 
O-I 
MA. 

SI 
S.P.S.T. 

R4 
3.3n 
(SEE 
TEXT) 

Fig. 1. Schematic of tester. Diode cathode 
is connected to the black binding post. 

other meters may be found from the 
formula: R = R, /(N -1), where R,,, is 
the meter resistance, N is the full -scale 
reading wanted divided by the full -scale 
of the meter, and R is the shunt to be 
used. 

The component parts of the circuit 
are assembled in a 6?! x 311" x 2" 
Bakelite case fitted with a phenolic 
board panel. Any other type of housing 
may be used since there is nothing crit- 
ical about this construction. Two "Mini - 
gator" clips are used to connect the 
diode. These are attached to the panel 
with small machine screws plus es- 
cutcheon pins to keep them from turn- 
ing. Solder lugs are placed on the 
screws behind the panel for electrical 
connection. 

Since the diode wire leads are of such 
a small gauge, the clips do not always 
grasp them firmly. To overcome this, 
the top and bottom of the jaws of the 
May, 1962 

Tester is built into a 61/4" X 33/4" x 2" Bakelite case. 

TESTING THE TUNNEL DIODE 
By HAROLD REED 

Construction of simple combination tester and power 
supply to determine peak and valley current values. 

clips were cleaned, filled with solder, 
and then filed flat. With decals the clips 
are labeled "C" and "A" for cathode 
and anode connections respectively. The 
1!!. -volt flashlight battery is in a holder 
attached to the back of the Bakelite 
case. 

Operation 
To test a tunnel diode, turn the bias 

control R, to its extreme counterclock- 
wise position. This control should be 
wired so this position places all its re- 
sistance in the circuit. Set the meter 
switch to "Xl" or "X10" depending on 
the current rating of the diode to be 
tested. Connect the diode leads to the 
clips, observing proper anode and cath- 
ode connections. Reversing the leads 
will do no harm but correct test results 
will not be obtained. 

Now, slowly turn the bias control 
clockwise and watch the meter. If the 
diode is functioning properly, when it 
reaches its peak point current I,,, the 
meter will suddenly drop to a point 
between I,, and the valley current point 
I,. As the control is advanced farther, 

the valley current point I. will be 
reached and then the meter indication 
will start rising again. If available, it is 
desirable to consult the manufacturer's 
specifications to learn if current points 
approximate the specs. 

Here are examples of typical ratings 
for two low -cost tunnel diodes. For the 
G-E 1N2940, I,, = 1 ma. and I, = 0.13 
ma. and for the G-E 1N2941, I,, = 4.7 
ma. and I, = 0.6 ma. 

Suppose you want to check the peak 
point voltage V and the valley point 
voltage V,. A black and a red binding 
post on the tester panel can be used 
for this purpose. A high- resistance in- 
put -type voltmeter should be used. For 
the diodes just mentioned, V,. and V. 
are on the order of 350 mv. and 50 mv. 

The tester can also be used as a power 
supply to provide the proper bias volt- 
age for experimental tunnel -diode cir- 
cuits. The binding posts can be used for 
this purpose and since they are red and 
black, correct polarity is evident. For 
experimental work, longer battery life 
can be obtained by using a mercury cell 
instead of the flashlight battery. 

Inside view of the tunnel -diode tester and power supply. All resistors can be half 
watters although author used one larger wattage unit since it happened to be on hand. 
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TRANSISTOR 

CHARACTERISTIC 

CURVE TRACER 

By ELTON W. ANDERSON 

Use this simple device and your oscilloscope 
to obtain curves for 

TRANSISTOR circuit design re- 
quires a combination of graph- 
ical and mathematical analysis. 

The graphical portion of the analysis is 
done with the aid of characteristic 
curves to determine the load line, bias, 
distortion, voltage and current swing. 
gain, quality, and uniformity for tran- 
sistor matching. The most useful curves 
are the L -V,, or common -emitter curves 
shown in Fig. 1. 

Characteristic curves can be drawn 
quickly and easily. The simplified cir- 
cuit shown in Fig. 2 can be used to 
trace the common -emitter character- 
istic curves of a p -n -p transistor. Com- 
mon -base or common -collector charac- 
teristic curves can be traced with the 
same circuit. To obtain a set of curves 
for an n -p -n transistor, the bias voltage. 
meter, and diode rectifier (SR,) polar- 
ity would have to be reversed. 

One of the advantages of taking a set 
of curves with an oscilloscope is that the 
transistor has less time to overheat than 
it would if the curves were plotted on a 

point -to -point basis. In speeding up the 
process there is less chance of a change 
of characteristics. 

Operation & Construction 

Potentiometer R. controls the base 
current, L. supplied by battery B. and 
R, is a swamping resistor that limits the 
base current to a safe value. The parts 
specified provide a range of 10 to 500 
microamperes. Transformer T, supplies 
the collector and oscilloscope sweep 
voltage. Diode rectifier SR, allows only 
the negative (in the case of a p -n -p tran- 
sistor) half of the a.c. voltage to be 
applied to the collector. This results in 
a voltage drop across R. that is propor- 
tional to the collector current. The 
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Fig. 1. Common- emitter characteristics. 
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VERTICAL INPUT 

- Il 
R,- IOU ohm. I ap. res. 
R,- 10.000 ohm, ! ¡ o'. res. 
R.-500,000 oho, liarnr -laper pot 
SR,- 1:17I1,9.1 silicon rectifier 
MI -0.1 nm. ,peter (see ter() 
R,- 6 -volt battery 
T,. Fil. trans. Ill v. e, I amp. 
I',-- Traasisror under test 

Fig. 2. Basic -tracing circuit for a 
"p -n -p" transistor. R, limits base current. 

TO 
HORIZONTAL INPUT 

changing values of collector voltage and 
current trace the /, -V,, curve on the 
face of the oscilloscope. 

When the cathode of SR, is positive, 
SR, "opens." collector current does not 
flow. and there's no oscilloscope deflec- 
tion. However, when the cathode of SR, 
is negative at the other half of the cycle, 
SR, is forward -biased, volt age is supplied 
to the collector causing current to flow, 
and the horizontal sweep starts. 

The parts layout of the curve tracer 
shown in Fig. 3 is not critical. For great- 
est accuracy, R, should be exactly 100 
ohms or some other known value. 

In the common emitter configuration 
the base current will be varied from 
about 20 microamperes to 300 micro- 
amperes. For this reason more accurate 
determination of the base current can 
be made if a microammeter is used. It 
would be almost impossible to read with 
any accuracy 20 or 30 microamperes on 
a 0 -1 milliammeter. 

Before calibrating the oscilloscope, 
the ranges of test current and voltage 
must be determined : they depend on the 
transistor being tested. A convenient 
set of maximum values for low -power 
transistors is 12 volts and 15 milliam- 
peres. 

The problem of plotting the tracings 
produced on the oscilloscope face can be 
solved by using a piece of clear plastic. 
Plastic page protectors sold by office 
supply stores are excellent for this pur- 
pose. Cut a disc from the plastic ap- 
proximately the same size as the face 
of the cathode -ray tube. Prepare a writ- 
ing surface on one side of the disc by 
sanding it lightly with fine sandpaper. 
Place the center of the disc over the 
"X" on the scale (Fig. 5) and trace the 
voltage and current axes and the maxi- 
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mum power dissipation curves. (Other 
maximum power dissipation curves de- 
pend on the transistor being tested and 
are determined from the formula: P = 
Ir x V.- .) Values for 50 and 100 milli - 
watts are shown. Place the plastic disc 
against the tube face. Set the horizontal 
and vertical gain controls to the mini- 
mum gain positions and position the 
spot at the origin of the graph. (The 
scale of Fig. 4 may have to be reversed 
or turned over depending on whether 
the transistor is p -n -p or n -p -n and on 
the deflection direction vs polarity of 
the oscilloscope.) The vertical and hori- 
zontal scope inputs can now be cali- 
brated. 

Oscilloscope Calibration 
Calibrate the vertical input first by 

setting the horizontal selector control 
to external input. Apply a 1 -volt peak - 
to -peak calibrating voltage to the ver- 
tical input and adjust the vertical gain 
control so the vertical trace is the same 
size as the 10 -ma. vertical scale on Fig. 
4. Do not disturb the vertical gain con- 
trol after this setting has been made. 

Now apply a 10 -volt peak -to -peak 
calibrating voltage to the horizontal in- 
put and adjust the horizontal gain con- 
trol so the deflection is the same size as 
that marked on the scale of Fig. 4. 

When the scope is properly calibrated, 
connect it to the circuit shown in Fig. 3. 
Set R, to its maximum resistance posi- 
tion, insert the transistor in the socket, 
and apply the bias and collector volt- 
ages. The horizontal and vertical posi- 
tioning controls on the scope will have 
to be adjusted to place the origin of the 
transistor curve at the origin of the 
scale. Adjust R:: for the desired base cur- 
rent for the first curve. (It may be 
necessary after re- adjusting R, to re- 
adjust the position controls to keep the 
trace in proper alignment with the 
graph.) 

Now trace the curve on the plastic 
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I TV.AC. 

R, -100 ohm, 1 m. res. ± lr/a 
R.-10,000 ohm, != w. res. 
R.- 500,000 ohm linear -taper pot (Mallory 
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SR,- 1N1693 silicon rectifier 
S,- Ipofe, 2 -pos. non -shorting miniature phe- 

eolic switch (Centralab 1011 or equiv.) 
S - -S.p. 4 -pos. nonshortiog switch (Mallory 

32151 or equiv.) 
S1, -0.500 µa. d.c. meter 
R-6 -volt battery 
SOrTransistor socket (Elco 3301 or equiv.) 
T,, T.-Fil. trans. 6.3 v. c.t. c.. 1.2 amps 

(Triad FUX or rgniv.) 
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Fig. 4A. Common -emitter characteristic of 
an audio or a general -purpose transistor. 
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Fig. 4B. The common -emitter characteristic 
curves of a switching -type transistor. 
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Fig. 4C. The trace of a shorted transistor. 

disc. Adjust R. for a different value of 
base current and trace the new curve. 
Design computations can be completed 
on the disc or the curves can be trans- 
ferred by tracing them on a piece of 
graph paper. 

Figs. 4A through 4D are curves that 
will be obtained with various transis- 

Fig. 3. Curve - 
tracing circuit 
for ''p -n -p" or 
"n -p -n" transistors 
in common emit- 
ter configura- 
tion. B e sure 
5, is in correct 
position before 
inserting trans- 
istor in socket. 

Fig. 5. Place "X" 
on this scale 
at the center of 
a plastic disc 
that is the same 
size as the 
scope foce. Trace 
these axes and 
voltage and cur- 
rent markings 
onto the disc. 
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Fig. 4D. The trace of an open transistor. 

tors. Fig. 4A shows the characteristics 
of an audio or general- purpose transis- 
tor. Although it resembles the curve of 
Fig. 1, the transistor gains differ con- 
siderably. Fig. 4B is the curve of a com- 
puter -type switching transistor while 
Figs. 4C and 4D are curves of defective 
transistors. 
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Tunnel -Diode Computer 
At the heart of at new computer system are these tunnel diode 
und transistor modules that operate at hit rates as high as 5(1(1 

une. Developed by G -E. the system is said to be capable of per- 

forming additions at least lotir tittles as fast ais conventional 
computers while requiring lady one -tenth the circuit campo. 

nents. The large inrrevue in speed achieved by the new logic 
ss:ctent has been attributed to the development of a hybrid circuit 
that uses the tunnel diode as the switching and gain element and 
a transistor as an isolator. The circuit modules are interconnected 
by terminated transmission lines eliminating the problems nor- 

mally associated with reflections and permitting signal inter- 
connections to be mole over long distances. 

RECENT 
DEVELOPMENTS 
IN ELECTRONICS 

Decision -Checking Computer 
.`ahject (right) arrives at his decision on a unique outline devel- 

oped for "Project Decision:' n psychological research program 
conducted by ACF Electronics and The Catholic University of 

.4merica. The subject. presented with a series of numerical problems. 
derides how notch to risk (front at "points het" column at the right 
of the matrix panel) to achieve a "pa'vf" (numbers on the dis- 

play). Odds (at the bottom of the pane!) determine the payoff. 

Front -Line Facsimile 
A new lightweight ten simile set that can flash battle sketches 

and pictorial data by radio directly from the front lines of 
combat is .shown here. The experimental unit. first of its kind 
small enough to be carried on a soldier's beck. was designed 
by Army scientists for Marine Corps use. In engineering tests. 

the new facsimile set transmitted naps from a radio -equipped 
jeep while the vehicle was in motion. All electrical porter was 

supplied by the jeeps electrical system. The set. which weighs 
only 27 pounds. will transmit graphical information to a dis- 

tant receiver through st standard portable cooliat radices ou 

through a telephone line 

A 
Infrared Radiometer for "Tiros" 

This .-.clmnnel radiometer on the "Tiros ll "' satellite measures 

radiation from the earth and its atmosphere in fare infrared 
wavelength bands, to provide information for use in studying 
the earth and its weather. The instrument, developed by Barnes 

Eng. Co.. ufiliccs outer space n.c a reference for its radiation 
utensuremenIs. 
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Ultrasonic Corona Hunter 
Aiming an ultra.00ni.' -grid' at a high- rallnge transmission line. a member 
of the Westinghouse research laboratories tests the line remotely for 
electrical leakage. or corona. if present, the corona produee.s high - 
frequency ultrasonic sound waves which are received by the "gun" and 
made audible through electronic circuitry. A telescopic rifle sight built 
into the instrument pinpoints the corona sources with unusual accuracy. 
This makes it easier for power engineers to reduce or eliminate corona 
which wastes electric power and may sometimes cause .static. The corona 
detector operates near 40 kr. and it is sensitive enough to locate the 
weak ultrasonic vibrations set up by a stream of running water from a 
faucet 20 feet away. .4t the same time, its accuracy is good enough to 
distinguish. from a distance of 7.i icc1. iuima sources only a few inches 
apart on high-tension lines. This accuracy is made possible by the use 
of a bears width of less than 2 degrees and by precise spacing and place- 
ment of the ultrasonic transducers. 

Experimental Thin -Film Memory 
An experimental high -speed magnetic thin -film memory, developed by IBM 
scientists, is .shown disassembled. The eight squares (center) are magnetic 
thin -film substrates. each of which contains 2304 information hits. These 
squares measure 2" x 2 ". The driving and sensing lines of etched copper foil 
are shown curled away from the eight substrates. Memory devices such as 
this hare .cite and speed advantages over magnetic ferrite -core memories 
that are presently employed in computers as last memory devices. Informa- 
tion is stored on the film by the magnetization or demagnetization of tiny 
thin ferromagnetic nickel -iron alloy spots. 
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"Tiros" and Recorder 
The "Tiros IV" meteorological satellite. 
launched recently. is shown here undergoing 
final tests at RCA. Princeton, N. J. At the 
rear are the racks of groupd equipment for 
commanding the satellite and acquiring the 
data. This ground station is for test and 
backup purposes. Primary ground stations 
are at 1Vallops Island. Virginia. and Point 
Mugu. Calif. 

Thermoelectric Ice Maker 
The first commercial storage -type thermo- 
electric ice -cube maker. capable of produc- 
ing 30 pounds of ice rubes a day. taus pre - 
viewed recently by the York Div. of Borg - 
X'arner. The unit fuses printed circuitry for 

interconnecting its thermoelectric. nodules. 
The neu- ire maker has no compressor. 
etvina-mot, or condenser. It creates cold 
by the passage of rectified a.c. current 
through special metallic compounds a -hit-h 
make up the thermoelectric modules. Be- 
cause of the absence of moving parts. the 
unit should operate indefinitely with out 
maintenance or repair. Although the exact 
price is not available, it is expected to sell 
for between $800 and $1000. 
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MAC'S 
ELECTRONICS 

SERVICE 
By JOHN T. FRYE 

A CLASSIC CASE 
- 

-III RED," Mac greeted the line 
superintendent of the city 
electric company standing in 

the open doorway of the service shop. 
"Come on in and take a load off your 
feet." 

"Don't mind if I do," Red said as he 
joined Mac and Barney in the service 
department and slumped down on a 
stool. "Old Sol is really bearing down 
for this early in the year." 

"What have you been up to ?" Mac 
asked curiously. "We've not seen much 
of you lately." 

"A lot of my time has been spent try- 
ing to keep our mutual customers 
happy," Red retorted as he rocked back 
until he could rest his elbows on the 
service bench. 

"I suppose you mean running down 
radio and TV interference complaints." 
Mac said with a sympathetic grin. "I 
want you to know we never sic them on 
you except as a last resort and after 
we're sure the interference is wide- 
spread." 

"I know and appreciate that. but not 
all your brother technicians are so 
thoughtful. Some bounce noise com- 
plaints from their customers over to us 
without even going out to make sure 
interference is causing the trouble." 

"I'll bet you've had some interesting 
experiences running down interfer- 
ence." Barney suggested leadingly. 

"Yes, although I'm not sure 'inter- 
esting' is the adjective I'd have chosen 
at the time," Red said slowly. "I think a 
case we had back during the Christmas 
holidays carne about as near being a 
classic as any I can recall. It had every- 
thing." 

"Well, go on!" Barney said impa- 
tiently. 

"Sporadic complaints began coming 
in from an area in the East End about 
a week or so before Christmas. I didn't 
pay too much attention at first because 
we always get a rash of noise complaints 
when people start putting up their 
Christmas lights. Cheap flashers, bulbs 
not making good contact, haphazard 
extension cords -but you boys know as 
well as I do the potential sources of in- 
terference present in amateur -installed 
Christmas lighting. Usually, though, 
these complaints cure themselves. The 
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householder notices a connection be- 
tween the operation of the lighting and 
the presence of the interference and 
corrects the cause. or the arcing that 
produces the interference commits sui- 
cide by destroying the equipment. At 
any rate, we've learned there's no point 
in rushing out immediately every time 
an isolated call comes in during this 
period. 

"But this time the number of calls 
from that area kept increasing; so I 
sent a man out with our interference - 
locating receiver. As you probably know, 
this is a battery -operated all -wave re- 
ceiver with a meter to indicate the 
strength of received signal or noise. It 
has a loop antenna designed to indicate 
the direction from which the interfer- 
ence is being received, but this does not 
work out too well in practice. The noise 
usually is carried on the wires and re- 
fuses to act like a point -source. We do 
better using a short whip antenna and 
moving around in the field of the inter- 
ference while watching the meter. The 
closer we approach the source of the 
interference, the higher is the reading, 
and rice rer:sa. 

"Anyway the man came back after a 
couple of hours and reported a very 
juicy interference was present all right. 
It consisted of a rasping, arcing type 
of noise extending from the bottom of 
the broadcast band right on up through 
channel 13; but it seemed to peak on 
channel 6. our most popular channel. 
naturally! The interference cycled on 
for three seconds and then off for three. 
on for three and off for three, as regular 
as clockwork. It showed up in the TV 
picture as two broad horizontal bands 
of sparkles and streaks that blotted out 
all picture detail beneath. Sometimes 
these bands stood still; at other times 
they moved slowly up or down. Where 
the interference was most intense. the 
noise actually knocked the picture off 
the screen by throwing it out of sync- - 
or I believe that's what you call it. 

"The noise was not affected by day- 
light or darkness or by damp or dry 
weather. Intense cold seemed to make 
it worse. Occasionally, it would stop for 
as long as a half hour, hut then it would 
be right hack. The area covered was 
roughly a rectangle extending south- 

ward from the river for seven blocks 
and covered the three blocks between 
16th and 19th Streets.Oddly enough our 
receiver indicated the interference near 
the southern boundary of this area. but 
TV complaints centered well to the 
north of this." 

"Well, what was causing it ?" Barney 
demanded impatiently. 

"Don't rush me. Either of you care to 
take a guess ?" 

"The two bands across the picture 
probably indicate some device arcing 
only on the peaks of the a.c. voltage," 
Mac remarked. 

"Yeah, and the regular cycling indi- 
cates some sort of motor -operated or 
bi -metal switch." Barney chimed in 
eagerly. "My guess is a flashing com- 
mercial lighting display using neon or 
fluorescent lamps that only fire during 
portions of the a.c. cycle. I say 'com- 
mercial' because home lighting would 
be turned off during the day and late 
at night." 

"It feels good to know I'm not the 
only one misled by the symptoms," Red 
said with a smile of satisfaction. "I 
wasted a lot of time hunting something 
exactly like you describe. I'd probably 
have found the trouble sooner if I 
hadn't received so much unsolicited help 
and advice. First I was told a radio 
amateur living at the edge of the noise 
area was causing all the trouble with 
his ham transmitter. Of course I knew 
from the nature and duration of the 
interference that he wasn't, but I called 
him because he had helped us with noise 
problems before. He said that the noise 
was really clobbering his sensitive re- 
ceiver and that the directional qualities 
of his big twenty -meter beam showed 
the noise originating in the same 
southern part of the complaint sector 
that our receiver had fingered. 

"Another tip told me one of your com- 
petitors who lives in the area was mak- 
ing the noise to provide himself with 
service calls! He uses a two -way radio 
in his truck to keep in touch with his 
wife at home, and that little transmit- 
ting antenna on his roof was all his good 
neighbors needed to suspect him. 

"One anonymous caller told me an old 
lady in the neighborhood was in bed 
with a broken hip and her heating pad 
was undoubtedly causing the trouble. 
I should go right in there and turn that 
pad off! Another fellow was sure his 
neighbor was making the noise deliber- 
ately, probably with a spark coil. He 
was just the mean sort of guy who 
would do a thing like that. Remember: 
this was all taking place during the Sea- 
son of Good Will! 

"Another lead really looked promising 
at first. A man who worked in a local 
factory told me the laboratory at the 
plant was life -testing some ignitors. 
They were cycled on for three seconds 
and then off for three. and they pro- 
duced an arc during the `on' time: but 
when the factory obligingly shut down 
the test, the noise kept right on. 

"By this time the pressure was 
getting pretty high. One guy who had 
bought a new color TV for Christmas 
and had to enjoy it in three -second 

(Continued on page 76) 
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Over -all view of the 12 -watt amplifier 
constructed by the author. Four power 
transistors are used in all, with two 
being mounted on one of the chassis 
side panels shown and the other two 
being mounted on the other side panel. 

By DWIGHT V. JONES 
Application Engineering, General Electric Co. 

DESIGN OF 
TRANSISTOR 
HI -FI POWER AMPLIFIERS 

RECENT advances in semicon- 
ductor technology have made 
available to the electronic in- 

dustry an increasing number of power 
transistors that are suitable for hi -fi 
power -amplifier use. These transistors 
are capable of efficient operation at the 
upper end of the audio spectrum and 
above, as well as at the lower fre- 
quencies. Diffused semiconductor junc- 
tions are the basis for the higher fre- 
quency capability and this. combined 
with the more recent epitaxial process. 
promises even greater improvements in 
performance. 

The power- handling capability of a 
transistor is limited by both its electri- 
cal and thermal ratings. The electrical - 
rating limit is a function of the transis- 
tor's voltage capability and the maxi- 
mum current at which the current gain 
is still usable. The thermal rating is 
limited by the transistor's maximum 
junction temperature. Therefore, it is 
desirable to provide the lowest thermal 
impedance path that is practical from 
junction to air. The thermal impedance 
from junction to case is fixed by the de- 
sign of the transistor; thus it is advan- 
tageous to achieve a low thermal im- 
pedance from case to the ambient air. 

The 2N2107 and 2N2108 are n -p -n 
diffused -junction mesa silicon transis- 
tors. They will be limited in their maxi- 
mum power -handling ability by thermal 
considerations in many applications un- 
less an efficient thermal path is provided 
from case to air. 

These transistors are constructed 

with the silicon pellet mounted directly 
on the metal header and therefore it is 
more efficient to have an external heat 
radiator in direct contact with this 
header than to make contact with the 
cap of the transistor package. Making 
contact with the cap for heat transfer 
means that the heat must flow from 
the header across the welded seam to 
the cap. This adds to the total thermal 
impedance from junction to air. 

Fig. 1 is a practical method for 
achieving a maximum area of direct 
contact between the metal header and 
an aluminum fin for efficient heat trans- 
fer to the surrounding air. A plain 
washer with two holes drilled for the 
mounting hardware is simple but quite 
adequate for securing the transistor 
header to the fin. Since air is a rela- 
tively poor thermal conductor, the 
thermal transfer can be improved by 
applying a thin layer of silicone dielec- 
tric grease between the transistor and 

21/2" 

WASHER 
{APPROX. 3 /4 "0D 

ID.34752.0125* 

I/e---- 

4-2 v2 

/2N2107 

MOUNTING 
HARDWARE 

ALUMINUM FIN 
IOR 1/16 "COPPER) 

13/69 

THREE 3/32" 
DIA.HOL ES 

FIN ONLY 

Fig. 1. Transistor heat-sink arrangement. 

the radiating fin before assembly. This 
heat -radiating fin has two holes for ver- 
tical mounting to a chassis. The fin may 
be anodized or flat paint may be used 
to cover all the surface except for the 
area of direct contact with the tran- 
sistor header. An anodized finish would 
provide the insulation needed between 
the base and emitter leads and the sides 
of the feed -through holes in the alumi- 
num fin. Fig. 3 shows the thermal rating 
for the 2N2107 as assembled on the 
radiating fin in Fig. 1. 

The beta (current gain) hold -up is 
quite good at one ampere for both the 
2N2107 and 2N2108. This means that 
considerable peak power can be han- 
dled. 

Power Amplifiers 
It is difficult to obtain faithful repro- 

duction of a square -wave signal with 
a transformer -coupled amplifier. A 
high- quality output transformer is re- 
quired and it must be physically large, 
carefully made, and quite expensive in 
order to have good response at the low 
frequencies. Thus, a great deal of ef- 
fort has gone into developing trans - 
formerless push -pull amplifiers using 
vacuum tubes. Practical circuits, how- 
ever, use many power tubes in parallel 
to provide the high currents necessary 
for direct- coupling to a low- impedance 
loudspeaker load. 

The advent of power transistors has 
sparked new interest in the develop- 
ment of transformerless circuits since 
the transistors are basically low -volt- 

Solid -state amplifiers with performance that equals the 
best of their vacuum -tube counterparts, using new diffused 

silicon transistors in circuits delivering 71/2 to 12 watts. 
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Fig. 2. Circuit arrangement for the 
71/2- to 10 -watt audio amplifier. 
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age, high -current devices. Some of the 
transistor power amplifiers to date have 
been lacking in high- frequency per- 
formance and temperature stability. 
The diffused junctions of the 2N2107 
permit good circuit performance even 
at high frequency. Silicon transistors 
are favored for power- output stages be- 
cause of their ability to perform at 
much higher junction temperatures 
than germanium. This means smaller 
heat -radiating fins can be used for the 
same power dissipation. On the nega- 
tive side, silicon has higher saturation 
resistance I which gives decreased oper- 
ating efficiency) that becomes appreci- 
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Fig. 4. Distortion versus power of the amplifier shown in Fig. 2. 

able when operating from low -voltage 
supplies. 

Circuit Analysis 

Fig. 2 shows a direct- coupled power 
amplifier with excellent frequency re- 
sponse. It also has the advantage of a 
d.c. feedback arrangement for tempera- 
ture stabilization of all stages. This 
feedback system also stabilizes the volt- 
age division across power- output tran- 
sistors V, and V.: which operate in a 
single -ended class B push -pull arrange- 
ment. Transistors V_ and V. also operate 
class B in the Darlington connection to 
increase the current gain. Using a p -n -p 

the three driver transistors are mounted. 

R6 CRI V2 R8 R13 R14 

R3 R4 R7 VI C4 CR3 RIO V3 R15 R16 

for V. gives the required phase inversion 
for driving V., and also has the advan- 
tage of push -pull emitter -follower oper- 
ation from the output of V, to the load. 
Emitter- follower operation has lower 
inherent distortion and low output im- 
pedance because of the 100% voltage 
feedback. 

V, and V., have a small forward bias 
of 10 to 20 ma. to minimize crossover 
distortion and it also operates the out- 
put transistors in a more favorable beta 
range. This bias is set by the voltage 
drop across the 1000 -ohm resistors 
(R, and R,,.) that shunt the input to V, 
and V. V, and V. are biased at about 1 
ma. (tc minimize crossover distortion) 
by the voltage drop across the two 
1N1692 silicon diodes and the 1N91 
germanium diode. The junction diodes 
have a temperature characteristic simi- 
lar to the emitter -base junction of a 
transistor. Therefore. the three diodes 
also provide compensation for the tem- 
perature variation of the emitter-base 
resistance of the push -pull transistors. 
These resistances decrease with increas- 
ing temperature, thus the decrease in 
forward voltage drop of approximately 
2 mv. /degree C for each of the diodes 
provides temperature compensation. 
The 1N91 (CR.) connected to the emit- 
ter of V, gives additional stabilization 
for this stage for variations in transis- 
tor beta and temperature. 

The 47 -ohm resistor (R °) in the emit- 
ter of V. aids the stabilization of this 
germanium transistor stage and also 
decreases distortion through local feed- 
back. The 1N91 diode (CR.) at the base 
of V. has a leakage current which in- 
creases with temperature in a manner 
similar to the L. of V3. The 1N91 can 
thus shunt this temperature- sensitive 
current to ground, whereas if it were 
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to flow into the base of V,, it would be 
amplified in the output stage. 

V, should have a minimum h/, of 30 
at 1 to 30 ma. collector current. Of the 
two output transistors, the higher beta 
unit should be used for V, to help com- 
pensate for the unsymmetrical output 
circuit. 

V, is a class A driver with an emitter 
current of about 3 ma. Negative feed- 
back from the output to the base of V, 
lowers the input impedance of this 
stage. This requires a source impedance 
that is higher than the input impedance 
so the feedback current will flow into 
the amplifier rather than into the source 
generator. Resistor R, limits the mini- 
mum value of source impedance. The 
bias adjustment, R,, is set for one -half 
the supply voltage across V. 

About 11 db of positive feedback is 
applied by way of C. This bootstrapping 
action helps to compensate for the un- 
symmetrical output circuit and permits 
the positive peak signal swing to ap- 
proach the amplitude of the negative 
peak. This positive feedback is offset by 
about the same magnitude of negative 
feedback Lia R, and R:: to the base of 
V,. The net amount of negative feedback 
is approximately 20 db resulting from 
R,, connecting the output to the input. 

Fig. 5. The 2 -kc. square -wave response. 

In addition, there is the local feedback 
inherent in the emitter -follower stages. 
The value for the C, feedback capacitor 
was chosen for optimum square -wave 
response (i.e., maximum rise time and 
minimum overshoot), as shown in Fig. 
5. 

If the load impedance has a reactive 
component, as with loudspeakers, it 
should be shunted by R,, and C.. as 
shown in Fig. 2 to prevent the continued 
rise of the amplifier load impedance at 
frequencies above 20 kc. and its accom- 
panying phase shift. 

Performance 
The over -all result, from using direct 

coupling, no transformers, and ample 
degeneration, is an amplifier with out- 
put impedance of .5 ohm for good 
speaker damping and very low distor- 
tion, as shown in Fig. 4. The square - 
wave response shown in Fig. 5 is indica- 
tive of an amplifier with good transient 
response and also good bandwidth. The 
bandwidth is confirmed by the fre- 
quency- response curve of Fig. 6 taken 
at ?z -watt output. The power response 
at 5 -watts output is flat within l,c, db 
from 30 to 15,000 cps. The amplifier ex- 
hibits good recovery from overload and 
the square -wave peak -power output 
without distorting the waveform is 12 
watts. 

An r.m.s. input signal of 11.i volts is 

0418 1/2 WAT 

L 

r 
10 20 100 IKC. IOKC. 

FREQUENCY RESPONSE -CPS 
Fig. 6. Frequency response of the amplifier diagrammed in Fig. 2. 
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Fig. 7. Amplifier performance versus load for the Fig. 2 circuit. 

required for 8 -watts output with a sup- 
ply furnishing 350 ma. at 48 volts. The 
2N2107 output transistors, V, and V, 
were mounted on heat -dissipating fins 
as shown in Fig. 1 and the amplifier 
operated successfully delivering 1 -watt 
continuous power at 400 cps to the load 
with no increase in total harmonic dis- 
tortion from room ambient temperature 
of 75 degrees F to 175 degres F (ap- 
proximately 80 degrees C). At 175 de- 
grees F the d.c. voltage across Vz had 
decreased less them 15% from its room 
ambient value. Operation at higher tem- 
peratures was not attempted because 

Fig. 8. Complete schematic diagram of the 
author's 12 -watt transistorized amplifier. 
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of V being a germanium transistor 
which has a maximum operating junc- 
tion temperature of 85 degrees C. For 
operation at higher junction tempera- 
tures a p -n -p silicon transistor should 
be used for V. 

The above performance tests were 
with a 16 -ohm resistive load. The per- 
formance near maximum power out nut 
will vary somewhat with transistot:i of 
different beta values, giving a range of 
maximum power output of 7r /z to 10 
watts before clipping. Varying values of 
saturation resistance for output transis- 
tors V, and V, also affect the maximum 

v2 
2N2108 

+50V. Q 358MA. 

I/2A(TYPE AGC OR 3A6) 

CRI 

IN1692'S 
CR2 R8 

IK 

V4 
2N2107K E 

R13 R14 
47 .47 

! 25V 

TOOK 
R2 

C I _ 39µµt. - C2 
20V 2.7K IOOK 
- r RI R3 o- 
20µf. 

8 OR 282196 

18K 
R4 

R9 
47 

V3 
1 2N:924 

:2`12107'¿-1 Ci 
Vi c ̂  vc- 

2N3364 L! ñ 
3901jj 

E: 

+ IOOµt. RIO '_ IN91 < R!5 RIG 
R7 6V ,> r uCR3 .4' 47 

T C4 1 l 

El 

V6 
2N21075 

CS 
l500µ t. 

50V. 

V7 
2N2:07* 

R12 
c3K 

16d3 

LOAC 

22 
RII 

May, 1962 37 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


z 

ç 

V4 
V6 

;111 

) 

. - =i--ti:. ` 111.- 

R2 

1.5 

Lo 

H 

0.5 

0 

V5 V7 CLIP FOR C5 

Bottom of the circuit board with large capacitor C. temporarily removed from clip. - 
1- 

, 

E 

HARMONIC 
INTERMODULATION - - 6KC. 

AND- 
60^, / 

I J IOKC r 
50 "7. 
I KC.- 

4 5 6 7 6 9 

POWER OUTPUT IWATTS1 

Fig. 9. Distortion versus power output for the 12-watt amplifier shown in Fig. 8. 

10 n 

power output I hat can be obtained. 
Fig. 7 shows the load range for maxi- 

mum performance. It indicates that for 
a varying load impedance, such as a 
loudspeaker. the most desirable range 
is 16 to 40 ohms. The 16 -ohm speaker 
system operates in this range. At higher 
impedances Ito 100 ohms t. 1- to 3 -watt 
servo motors could be driven or an 
impedance - matching autotransformer 
would permit higher power. A 20- to 
600 -ohm autotransformer should be 
used for driving a 600 -ohm audio line. 

The amplifier.of Fig. 2 operates with 
an efficiency of 47 to 6Oe, and has a 
signal -to -noise ratio of better than 98 
db. This amplifier, when operated with 
the 2N2107 heat- radiater assembly 
shown in Fig. 1, can safely deliver up 
to 10 watts of continuous sine -wave 
power to the load at room temperature. 
lVhen driving a loudspeaker with pro- 
gram material at a level where peak 
power may reach 10 watts, the steady - 
state power would generally be less 
than 1 watt. 

When operated with 2N2196's in the 
output these can he mounted on smaller 
2" x 2" fins because of the increased 
power capabilities of these transistors. 
The 2N2196 has a case that simplifies 
mounting on a heat radiator and it has 
electrical characteristics that equal or 
excel the 2N2107 for this application. 

The power supply for this amplifier 
should have low impedance ( less than 
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6 ohms) obtained either by regulation 
or high- output capacitance as in Fig. 10. 
This power supply has diode decoupling 
which provides excellent isolation be- 
tween two stereo amplifier channels. 

12 -Watt Amplifier 

The amplifier of Fig. 2 is limited in 
its maximum power output by the sup- 
ply voltage and the saturation resist- 
ance of output transistors, V, and V. 
The supply voltage cannot be increased 
much beyond 50 volts at maximum am- 
plifier signal swing without making the 
V, r rating for V, marginal. Under these 
conditions the saturation resistance be- 
comes the limiting factor for obtaining 
increased power output. 

The circuit of Fig. 8 uses two transis- 
tors in parallel for each of the outputs. 
This enables the saturation resistance 
to be reduced by half and gives 12 -watts 
output. The .47 -ohm resistor used in 
each emitter of the paralleled transis- 
tors gives a more uniform input char- 

T,710 
TAMP. GRN /FILK 
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t IUeDWK 2. 
NE-51 --{ BLM/RD 

117 VAC. 
RED 

GERMANIUM I. 
DI ÓE5 

acteristic for sharing of the input cur- 
rents. These emitter resistors also give 
increased bias stabilization. The rest of 
the circuit is the same as Fig. 2 except 
the 1N91 (CR.) is not used in the col- 
lector of V, since there is no CR; diode 
voltage to offset in series with the out- 
put emitter. 

The performance of the 12 -watt cir- 
cuit is like that given previously for 
the circuit of Fig. 2 except for distortion 
rs power output. Fig. 9 indicates the in- 
creased power output and also the lower 
distortion which is a second advantage 
of parallel operation of the outputs. 
Lower distortion results from parallel 
operation since the signal current swing 
in each transistor is approximately 
halved and thus confined to the more 
linear portion of the transfer charac- 
teristic. 

The amplifier of Fig. 8 operates at 
maximum power output with an effi- 
ciency of 67 ;:, This circuit can be pack- 
aged with minimum volume and weight 
without component crowding, as shown 
in the photos. One of the paralleled 
output transistors (a 2N21O7) uses the 
mounting technique described in con- 
nection with Fig. 1 and the other uses 
the simplified mounting that is possible 
for a 2N2196. All four of the output 
transistors could be 2N2107's or all 
2N2196's. Each mounting fin, which 
supports two output transistors, is 

x 1'2" x 4 1z" aluminum. 
A regulated 50 -volt supply is recom- 

mended for best performance of this 
circuit. If the amplifier is powered by 
the supply of Fig. 10, it will provide 10 
watts of continuous output or 12 watts 
of music power. 

A pair of either one of the amplifiers 
described will give superb performance 
in a stereo system when used to drive 
16 -ohm speakers that have a least mod- 
erate sensitivity. These amplifiers fit 
ideally into the stereo tape playback 
system the author described in the July 
1959 issue of this magazine. 

The cost of the semiconductors re- 
quired for the circuit of Fig. 2 is around 
829. and for the circuit of Fig. 8 is 
around 538. Total parts cost for the 
power supply shown in Fig. 10 is around 
821. Although some of the transistor 
types used in the amplifier are quite 
new so that they are not yet listed in 
electronics parts catalogues, all these 
transistors should he available from 
larger G -E distributors. 
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Fig. 10. Suggested power supply for pair 
of amplifiers that may be used for stereo. 

T 
. S/V AMPLIFIER sl 4B-SOV. AMPLIFIER 2 

a C3 r 
T`I 

I1 22N 
2W T-L2 22R 

1,2W. 

CI ,C2 ANO CS -1500 pt, 50V. 

ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


HEAT;STO 
ELECTRICITY 

ENERGY CONVERTERS 
By STOYAN M. ZALAR Senior Research Scientist, Research Div., Raytheon Co. 

A survey of unconventional energy sources that produce 
electricity without the use of moving parts or batteries. 

THE SEARCH for new. uncon- 
ventional sources of energy has 
been intensified in the past dec- 

ade. Much work has been done on direct 
heat -to- electricity conversion systems 
for use in military and industrial lab- 
oratories and in space vehicles. This 
article surveys some of these systems 
that produce electricity directly from 
heat without the use of moving parts 
or chemical batteries. Systems based 
on thermionic, magnet ohydrodynamic, 
thermoelectric. and thermo -photovoltaic 
principles will be described and com- 
pared. 

Fig. 1 summarizes the increase in 
the world's population and its rising 
need for energy in the period between 
1800 and 2050. Also included is the total 
energy up to the present and some pro- 
jections for the future. Because of the 
tremendously rapid rise in the world's 
population (note log scale), energy will 
have to increase at least at the same 
rate. How insignificant the total amount 
of energy produced by man is also shown 
in Fig. 1. Today's industrial production 
of energy in all countries is less than 
0.01',; of the amount of solar energy 
which falls on the earth's surface. 

Energy Conversion 

Fig. 2 is a schematic summary of 
several possible energy conversions used 
to produce electricity. It is a direct re- 
sult of the First Law of Thermodynam- 
ics which states that energy can be con- 
verted into various forms, but in a 
closed thermodynamic system, it can be 
neithér destroyed nor created. In the 
conversion of heat to other forms of 
energy, there is a definite top limit. 
the so- called Cannot efficiency of the 
process. Heat -to- electricity energy con- 
verters behave like any heat machine 
in that the higher the temperature dif- 
ference within which the converter is 
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operating. the higher will be its con- 
version efficiency. 

In this article we will be concerned 
with the foui' most important direct 
heat -to- electricity conversion schemes: 
Iherm ion if. mapnelohydrodynatnic 
(MHD), thermoelectric, and therto- 
photoroltnie TP\7 energy converters. 

Thermionic Converters 

Thomas Edison, that wizard from 
Menlo Park. in order to prolong the 
life of his incandescent lamps, developed 
a bulb with two independent filaments. 
as shown in Fig. 3A. Only one filament 
was connected at a time and after this 
burned out. the second filament was 
brought into service. During 
the work on these bulbs Edi- 
son observed that a small 
electrical current was flowing 
through Ammeter 2 even 
though Filament 2 was not 
connected. He rightly con- 
cluded that some electrons 
were able to move through 106 

the vacuum from the hot fila- 
ment to the cold one. This 
"Edison effect" actually w'as 
the discovery of the thermi- 
onic emission of electrons 
from hot cathodes and forms 
the basis for the operation of 
all electronic tubes. 

If we want to use Edison's 
thermionic principle for the 
generation of electrical pow- 
er, we have to obtain an in- 
tense flow of electrons from 
the hot cathode to the cold 
anode. This is not at all easy 
since electrons, being nega- 
tively charged, form a space 
charge in the vicinity of the 
cathode. This high, retarding 
potential barrier repels the 
electrons and blocks their 

loe 

IOr 

lo5 o 

flow. Depending on the method being 
used to solve this problem, there exist 
three broad classes of thermionic energy 
converters : vacuum close- spaced diode 
(Fig. 3B), diode filled with cesium plas- 
ma (Fig. 3C), and magnetic triode (Fig. 
3D). 

One way to avoid the detrimental 
effect of the space charge is to move 
the cathode and anode very close to- 
gether. For effective operation of the 
thermionic close -spaced diode. a gap 
of less than 0.01 mm. is necessary, since 
the maximum output power is inversely 
proportional to the square of the elec- 
trode spacing. The machining and main- 
tenance of these close spacings is quite 
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cluding predictions up to the year 2050. 
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Direct nuclear conversion? 

a challenging problem, especially at 
cathode temperatures above 1200 de- 
grees C and under conditions of shock 
and vibration. Close- spaced diodes were 
first developed at MIT's Research Lab- 
oratory of Heat Transfer in Electronics 
in 1956 and were called "thermoelectron 
engines." They are true heat engines 
in which the working fluid is the elec- 
tron gas, delivering useful work to the 
surroundings as a result of its passage 
through the retarding electrostatic field. 

The efficiency achieved for the heat - 
to- electricity conversion of close - 
spaced diodes is between 12 and 14 per- 
cent. In the future, power outputs on 
the order of 10 to 30 watts/cm.' are 
anticipated. One of the best features 
of close- spaced diodes is that they 
weigh the least of all energy converters. 
With a possible weight of less than 1 
pound per kw., they are a good choice 
fór space vehicles. They could be very 
simply adjusted to nuclear reactors, 
with the fuel rods acting directly as 
cathodes and the cans serving as anodes. 
High -temperature operation of close - 
spaced diodes, however, presents serious 
materials problems. For a high emitter 
work function, cathodes have to operate 
at the highest possible temperature. 
This shortens the cathode life consider- 
ably and efficiency must be reduced to 
compensate for this. 

A second way to minimize or com- 
pletely eliminate the space charge is 

Solar concentrators, absorbers 

Chemical 
energy 

Fig. 2. Several possibilities for the 
conversion of heat into electricity. 

to introduce an ionized gas. In diodes 
filled with cesium plasma the positive 
ions, to a great extent, neutralize the 
negative electron space charge and per- 
mit the electrons to flow toward the 
anode. One ion can effectively cancel 
the space charge of several hundred 
electrons. Ion current is thus only a 
small fraction of the electron current. 

Cesium vapor is being used for sev- 
eral reasons. It is one of the most easily 
ionized plasmas. Cesium adsorbs readily 
to most metals and so reduces their 
work function, which is especially im- 
portant for the anode (collector). On 
the other hand, high efficiency in gas - 
filled diodes. or "plasma thermocou- 
ples," requires extremely high work - 
function cathodes (emitters) and there- 
fore operation at temperatures exceed- 
ing 2000 degrees C. This makes the 
question of cathode life a still more 
aggravating problem than in the case 
of vacuum -type thermionic diodes. 
Other fabrication difficulties are the 
corrosiveness of cesium vapor and the 
problem of metal- ceramic seals. which 
must survive a unified attack of cesium 
and of high -temperature radiation. 

A low- pressure gas -filled diode, pro- 
duced by RCA and using a tungsten 
ribbon cathode and a nickel anode, 
reached an efficiency of 10.4 per -cent at 
a cathode temperature of 2600 degrees 
C. High -pressure (2 mm. Hg) diodes are 
now being developed which operate at 

COVER STORY 
THE RED helium -filled balloon is port of the 
apparatus used for the determination of 

thermoelectric properties of thin -film structures 
at Raytheon Company's Research Division, 
Waltham, Mass. Dr. S. M. Zalar, senior research 
scientist, is shown using a special furnace for 
testing thermoelectric materials up to approxi- 
mately 1000 degrees F. Samples to be tested 
are placed in a vacuum -tight stainless steel 
container, which is first evacuated and flushed 
several times with argon. Helium is then intro- 
duced, providing an inert atmosphere, and the 

balloon helps maintain a fairly constant pres- 
sure, even when the temperature in the furnace 
is rising. 

An electronic monitor (shown at the left) 
with a six -point recorder, automatically prints 
the electric signals from the sample area. The 
d.c. resistivilies for two current directions, ther- 
moelectric power, the temperature difference, 
and the average temperature of the sample 
ore printed on o slowly moving chart in four - 
second intervals. 

(Cover Photograph: Raytheon Company) 
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lower cathode temperatures (as low as 
1100 degrees C ) and could theoretically 
produce 40 watts/cm.' with an approxi- 
mate efficiency of 25 per -cent. 

A third way to reduce the space - 
charge effect in thermionic converters 
is to use crossed electric and magnetic 
fields. This principle could be realized 
in a vacuum magnetic triode. Here a 
hot cathode and a cold anode are placed 
in the same plane, being separated by 
a space less than one- eighth the width 
of the electrode. Above, an accelerating 
anode is positioned a short distance from 
both electrodes. The battery produces 
an electric field in the space between 
the plates. An external magnetic field 
B is superimposed by placing the en- 
tire device between the poles of a big 
magnet so that the direction of B is 
normal to this page. 

When an electron leaves the hot cath- 
ode (emitter), it finds itself in an elec- 
tric field which speeds it toward the 
accelerating plate above. Simultane- 
ously the magnetic field is acting upon 
the speeded up electron and deflects 
it in a cycloid arc toward the surface 
of the anode (collector). During its ac- 
celeration the electron takes the neces- 
sary kinetic energy from the electric 
field, but when it falls back to the 
anode it returns that energy, and no 
net energy is gained or consumed. Sim- 
ilarly, no energy is consumed from the 
magnetic field since the magnetic force 
on the electron is always perpendicular 
to the direction of its motion. The re- 
sult is that the energies of electrons 
arriving at the anode are the same as 
they were when they left the cathode. 

In theory the magnetic thermionic 
triode can produce more power than 
a similar close -spaced vacuum diode. 
The theoretical efficiency of a magnetic 
triode is 22 per -cent as compared with 
12 per -cent for a diode under the same 
operating conditions. However, several 
practical magnetic triodes showed con- 
siderable electron losses to the acceler- 
ating plate, which lowered their ex- 
pected higher efficiency. The most im- 
portant factors influencing the possible 
net loss of electrons descending to the 
anode are: electron scattering, non -uni- 
formity of electric and magnetic fields 
and, to a lesser extent, reflection of 
electrons at the anode surface and scat- 
tering of electrons by gas molecules. 

In general. thermionic converters are 
low -voltage, high- cut-rent generators in 
which a very low load impedance is re- 
quired for maximum power transfer. 
For example, load impedances of less 
than a fract ion of one ohm are necessary 
for proper operation. 

The newest development in the area 
of thermionic converters is the possibil- 
ity of converting heat directly to a.c. 
current. One technique for generating 
a.c. could be the application of a small 
modulating signal to produce the a.c. 
output which can then be matched to a 
high -impedance load through the use of 
a transformer. 

Magnetohydrodynamic Converters 

More than a century ago, Faraday 
made the fundamental discovery that 
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Fig. 3. Some thermionic energy converters. 

if an electric conductor, for example 
a copper wire, is moved in a magnetic 
field, an electric current is generated. 
This principle is used on a big scale for 
the indirect generation of electricity by 
turbogenerators. 

Today Faraday's principle of electric 
induction is utilized for a very new con- 
cept of direct magnetohydrodynamic 
(MHD) energy conversion. Here in- 
stead of a solid copper wire. the con- 
ductor is the working fluid. the ionized 
gas itself. 

Fig. 4 is a closed -cycle MHD energy 
converter. most applicable for nuclear 
reactor operation. Heat coming from 
the burning of fossil fuels (wood, coal, 
oil I or from nuclear fission. is applied 
in the superheater to heat a gas to a 
very high temperature and pressure. 
The temperature of the gas is so high 
that gas molecules partly ionize, form- 
ing a plasma of positive ions and nega- 
tive electrons. 

The ionized gas is then led through 
a nozzle into a conversion chamber, 
where it expands and is pumped into 
the condenser area, lowering its pres- 
sure and its enthalpy. If this were a 
turbine, the pressure of the gas flow 
would be converted into the mechanical 
energy of rotation which, in turn, must 
be converted into electrical energy. In 
the MHD converter, however, the sec- 
ond indirect step is omitted. 

The conversion chamber is equipped 
with electrodes and an external mag- 
netic field B is applied, with the di- 
rection perpendicular to the page. The 
magnetic field deflects electrons toward 
the anode from which they flow through 
the load, doing electrical work, and 
then flow back to the cathode. The 
voltage developed in this way is pro- 
portional to magnetic field strength, 
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gas velocity, and spacing between elec- 
trodes. In a closed -cycle system the 
gas is condensed and pumped back to 
the superheater. 

Unlike other direct energy converters 
described in this article. MHD con- 
verters can be built to produce huge 
amounts of electric energy. When and 
if perfected, they may very well elimi- 
nate present indirect sources of electri- 
cal power turbogenerators and water 
turbines. The efficiencies of MHD con- 
verters have been predicted as ap- 
proaching 60 per -cent as compared to 
40 per -cent for conventional modern 
power plants. 

The Americrnt Electric Power Serrire 
Corp. and Arro- Ererett Research Labs 
are studying the application of MHD 
principles for pilot plants designed to 
produce 450.000 kw. of electricity. Two 
approaches are being considered. One is 
the open- cycle, coal -fired system with 
an estimated thermal efficiency of 55 

+ - 

Magnetic - 
field ¡oh 

BI 

per -cent or 6200 b.t.u..'kw. -hr. The other 
is a closed -cycle nuclear reactor ap- 
proach with an estimated efficiency close 
to 58 per -cent or 5800 b.t.u. /kw. -hr., as 
compared to the 8500 b.t.u. /kw. hr., or 
40 per -cent efficiency of conventional 
turbogenerator electric power stations 
that are in present -day use. 

One of the most important of the 
technological factors which determines 
the feasibility and characteristics of 
MHD converters is the plasma conduc- 
tivity. Most gases, such as air. carbon 
dioxide. and the noble gases 'argon. 
helium), do not ionize appreciably at 
the temperatures between 2000 and 
3000 degrees C. The problem is solved 
by "seeding" the gas with potassium or 
cesium vapor, which markedly increases 
the conductivity of the working gas. 
Other critical factors are the materials 
which have to endure temperatures 
above 2000 degrees C as well as the 
heat sources capable of producing these 
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Fig. 4. Closed -cycle magnetohydrodynamic energy converter. It consists of a jet 
of hot ionized plasma (temperature above 2000 °C, velocity above 1500 m.p.h.) in 
a strong magnetic field, which separates the electrons from the positive ions of 
the cesium plasma and then leads them directly to the external electrical load. 
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Fig. 5. Thermoelectric energy converters. 

Load 

extremely high operating temperatures. 
An MHD converter, successfully op- 

erated by Westinghouse. delivered 2.5 
kw. from a chamber 11:," x 5" x 16 ". 
It was fueled from an oil and oxygen 
burner, with potassium soap dissolved 
in the oil for seeding purposes. A mag- 
netic field of 14,000 gauss was used. 
Three pairs of graphite electrodes were 
separated by a gap of 4.6 inches. The 
velocity of the partly ionized gas was 
on the order of 2000 miles an hour, with 
a temperature of about 2500 degrees C. 

Thermoelectric Converters 
Thermoelectric effects are reversible 

physical phenomena. An electric current 
is produced if a temperature difference 
is imposed upon a solid. Conversely, a 
temperature difference is produced if an 
electric current is sent through a solid. 
In the first case we have a thermoelec- 
tric heat -to- electricity converter; in the 
second case we have a thermoelectric 
refrigerator. 

There are three basic reversible ther- 
moelectric effects: Seebeck, Peltier, and 

(Continued on page 85) 
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sM 
Tube Inventory 

By ROBERT A. LARSEN ¡ Windsor Television, Inc. 

Is your cash tied up in obsolete or dust -gathering types? Do you have 
all the types for which you get calls? Start controlling your tube stock. 

WITH THE stock of tubes being the largest, single 
capital investment in many a service shop, more 
and more owners are beginning to realize that 

obsolete and slow- moving types are tying up their profits. 
Furthermore, the problem grows worse from year to year. 
Current tube price lists, for example, contain over 600 tubes. 
Of these, less than 100 can be considered good movers. Over 
half may be considered obsolete. That is. if they are stocked, 
they will probably never move off the shelf. 

Wise shop owners will attempt to survey their inventory 
needs and devise inventory control systems designed to cut 
down on seldom- encountered types while insuring that 
needed ones will be on hand. Our list has been prepared with 
this requirement in mind. It has been compiled from the 
actual records of a television service shop in a suburban, 
metropolitan v.h.f. area. These have been compared with 
the tube -movement statistics prepared by manufacturers 
to develop a list slanted toward the needs of the smaller, 
independent service shop. 

Many of the tubes appearing on regular price sheets have 
been deleted because they would not normally be stocked. 
This has been done where the rate of movement is less than 
1 in 10,000. Special -purpose types including tubes primarily 
used in color TV have also been deleted to make the list 

applicable to the average shop. The turnover rate for these 
can vary much from one local situation to another, so that 
an average figure is rendered meaningless. On the other 
hand, the number of types involved in a specialized area of 
service is likely to be small. The specialist will have no trou- 
ble determining his requirements and adding them to the list. 

For ease of use, the figures in the first column of "Quan- 
tity" listings is based on the movement of 1000 tubes. For 
instance, the number 40 after 6BQ7 indicates that, out of 
every 1000 tubes sold, 40 will be 6BQ7's. By estimating the 
number of tubes your shop will sell in a year, you can order 
to take advantage of the best quantity price without running 
the risk of overstocking. If you have not been doing a good 
job of keeping track of how many tubes you sell a year, re- 
member that the average service technician accounts for 
1500 to 2000 tubes a year. Thus, if your shop has two men, 
you can expect to sell about 3000 tubes in a year -of which 
120 will be type 6BQ7. 

Where the rate of movement falls below 1 per 1000 but 
the tube type cannot be considered obsolete, the type number 
has not been deleted. Instead it is listed and followed by a 
zero in the first "Quantity" column. Such tubes should not 
be neglected. Even when they do not move, they should be 
considered carefully for their usefulness as service aids. 

TYPE QUANTITY TYPE QUANTITY TYPE QUANTITY TYPE QUANTITY TYPE QUANTITY 

OZ4 5 3BY6 1 581(7 1 1 6AN8 2 1 6BE6 3 1 

1AX2 0 3BZ6 3 1 5807 1 1 6A05 13 2 68G6 16 2 

1B3/1G3 33 2 3CB6 3 1 5BR8 2 * 6AQ7 0 * 6BH6 0 

1R5 3 3CF6 1 5CG8 1 1 6AR5 0 * 6BH8 1 1 

154 0 3CS6 1 1 SCL8 4 1 6AS5 5 1 6BJ6 0 

155 1 3CY5 0 5CO8 1 1 6AS8 2 1 6BK5 1 1 

1T4 0 3DK6 0 5GM6 0 6AT6 4 1 681(7 11 2 

1U4 1 3DT6 1 1 5J6 0 1 6AT8 4 1 6BL7 6 1 

1U5 1 354 0 5T8 3 1 6AU4 12 2 6BN4 3 1 

1V2 1 3V4 0 5U4 106 4 GAUS 1 1 6BN6 1 1 

1X2 13 2 4AU6 0 * 5U8 7 1 6AU6 30 3 6BN8 0 

2BN4 1 * 4BC8 1 * 5V3 1 6AÚ8 8 1 6BQ5 0 * 
2CY5 3 * 4807 3 1 5X8 1 1 6AV5 2 1 6BQ6/6CU6 36 2 

2CW4 0 4858 1 * 5Y3 3 * 6AV6 8 1 6807 40 3 

2FH5 0 4BZ6 2 1 6AB4 1 1 6A W8 7 1 6BR8 1 1 

3A3 1 48Z7 1 * 6AC7 4 1 6AX4 50 3 6658 2 1 

3AL5 2 * 4C86 1 1 6AF3 0 6AX5 0 * 68U8 1 1 

3AÚ6 2 1 4CS6 0 6AF4 0 6AX8 0 * 68X7 1 1 

3AV6 0 SAMS 3 1 6AG5 3 1 6AZ8 0 1 6BY5 1 1 

3BC5 0 1 5AN8 3 1 6AH4 1 1 6BA6 5 1 6BY6 0 

3BE6 0 5AQ5 1 1 6AH6 1 1 6BA8 1 * 6BZ6 5 2 

3BN4 0 * SAS4 0 6AK5 1 6BC5 4 1 6827 22 2 

38N6 1 * 5AT8 1 1 6AL5 16 1 6BC8 2 1 68Z8 1 1 

3BU8 1 * 5AV8 0 * 6AM8 2 1 68D6 0 6C4 2 1 
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for Service Shops 
Remember that a common method of tube checking is by 
substitution. and a tube that is used as a test substitute a 
number of times during the year. although the type may not 
be sold once, will pay for itself in saved time. 

The figure in the second "Quantity" column after the tube 
is intended as a guide for filling the tube caddy. Since the 
average caddy will hold about 160 tubes, the list has been 
restricted to that number. Many service technicians. how- 
ever, carry two caddies or one extra large one. For such 
cases. the types indicated with asterisks (`) may be added. 
This involves forty more tubes. 

In order to be effective, an inventory control system is 
a business detail that must be handled on a regular basis. 
In the case of the tube caddy, for instance. it is essential 
that it be checked every day before it is taken out on calls. 
This is done not only so that tubes used and turnover can 
be checked; it provides an opportunity for comparing with 
the previous day's receipts for possible mistakes and short- 
ages. 

Many dealers find more than one advantage in maintaining 
an inventory list like the one shown, or their own revision 
of it, indicating the number of tubes of each type that they 
consider necessary to stock. The list can be a great con- 
venience, for example, when the tube distributor's salesman 
calls. If he is given a copy of the master list, it is an easy 
matter for him to prepare the order for the shop owner, 
simply by comparing the number of tubes on the shelves 
with the figures on the list. Thus, in addition to having an 
accurate basis for keeping records, the shop owner has also 
acquired a time saver. 

EDITORS NOTE.: A superficial glance at this year's tube list 
will give the erroneous impression that little has changed 
since last year: the number of types carried has changed 
little, going up to 240 from 235 in 1961. But that is only part 
of the story. More than 20 numbers, dropped from last year's 
guide. were replaced by a greater group of new entries. Also 
there have been so many changes, up or down. in the quantity 
ratings that few entries remain as they were. 

So many factors contribute to a tube's rating. aside from 
the frequency with which a designer uses it, that guessing 
at trends from the inventory changes is a tricky business. 
Unmistakable, however, is the continued disappearance of 
many types once popular in home and portable radios - -and 
some of them are not exactly ancient tube types, this time. 
The transistorized receiver has unquestionably made its im- 
pact. Also dropped are a number of specialized TV types 
developed in recent years. Apparently they never really 
caught on. 

The most noteworthy trend in the additions can be attrib- 
uted to the popularity of wide -angle picture tubes. Many 
sweep- output types show up for the first time, particularly 
the twin triodes used for combined oscillator -output service 
in the vertical circuits. 

While the total number of types in current manufacture 
may seem overwhelming, the dealer can find solace in an 
interesting statistic as he faces his inventory problem: more 
than half the tubes he is likely to sell this year (about 512 
of every 1000) will involve only 13 types. These sturdy stand- 
ards include 1B3/1G3. 5U4, 6AU6, 6AX4, 6BQ6, 6BQ7, 6BZ7, 
6CB6, 6CG7, 6DQ6, 6SN7, 6U8, and 12AU7. 

TYPE QUANTITY TYPE QUANTITY TYPE ! QUANTITY 
i 

TYPE QUANTITY TYPE OUANTITY 

6CB6 43 3 6006 20 2 6V3 1 * 12AX7 6 1 12W6 2 1 

6CD6 14 2 6DR7 1 1 6V6 6 1 12AZ7 1 1 12X4 1 

6CE5 1 * 6DT6 1 1 6W4 17 2 12B4 2 1 13DE7 0 1 

6CF6 1 1 6EA8 4 1 6W6 11 1 12BA6 8 13DR7 0 
6CG7 35 3 6EB8 1 1 6X4 2 1 12BD6 1 17AX4 12 1 

6CG8 3 1 6EM5 1 6X8 10 1 128E6 5 1704 4 
6CH8 1 1 6EM7 3 1 7AÚ7 4 1 12BF6 0 1 7D06 7 1 

6CL6 0 * 6ES8 0 8AW8 1 12BH7 12 1 17GW6 1 

6CL8 1 * 6EU8 1 8CG7 3 1 12BK5 0 19AU4 1 

6CM6 0 6EV5 0 8CM7 0 12806 6 1 25AX4 1 

6CM7 11 1 6GH8 0 8CX8 0 12Bß7 1 25806 2 * 
6CN7 1 6GM6 0 9AÚ7 0 * 12BY7 8 1 25CD6 1 

6C08 4 1 6J5 3 1 l ODE7 4 1 12BZ7 1 1 2506 2 1 

6CS6 1 1 616 8 1 100R7 0 * 12CA5 3 1 251.6 3 
6CS7 2 1 6K6 6 1 11CY7 0 12CU5/12C5 1 1 25W4 1 

6CÚ8 1 1 6L6 0 12A05 0 12CX6 0 35135 1 

6CW4 0 * 654 10 2 12AT6 2 1204 1 35C5 2 
6CX8 1 6SA7 0 12A17 4 1 12006 9 1 35L6 2 

6CY5 1 1 6SK7 0 12AU6 2 1216 2 1 35W4 11 
6CM7 0 * 6517 0 * 12AU7 24 2 12SA7 1 35Z5 12 
6CZ5 0 6SN7 41 3 12AV5 0 1 1251(7 2 5085 1 

6DA4 3 * 6507 1 12AV6 4 12SN7 1 1 SOCS 15 
6DE6 2 1 6T8 10 2 12AV7 3 1 12507 1 5016 6 
60G6 1 * 6U8 32 4 12AX4 18 1 12V6 1 * 5642 0 
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High - Frequency Response 
of Cascaded Stages 

By DONALD W. MOFFAT 

Useful nomogram for designers and technicians shows 

effect on over -all response of cascaded amplifiers. 

Chart is especially useful for non -identical video stages. 

JUST AS resistors in parallel will 
have an effective resistance lower 
than that of the smallest, the 

over -all high- frequency response of am- 
plifier stages in cascade is less than that 
of the narrowest stage. If the stages 
are identical, it is easy to calculate the 
over -all frequency response by simply 
selecting a shrinkage factor from 
Table 1. 

Multiply the high- frequency response 
of one stage by the appropriate shrink- 
age factor and you have the over -all 
frequency response. 

Non -Identical Stages 

Even if only two stages are involved, 
if the frequency responses are not iden- 
tical, calculation of the over -all response 
becomes extremely complicated. When 
more than two stages are involved, an 
electronic computer is usually called 
for, but the accompanying nomogram 
reduces the calculation to drawing lines 
across the scales. 

This problem of non -identical stages 
is especially important because of the 
increasing use of transistors. It is com- 
mon to see a long string of identical 
vacuum -tube amplifiers but, because of 
the way transistors load down preced- 
ing stages, each stage in a transistor 
cascade is likely to have a different fre- 
quency response. 

Nomogram 

Note that all frequency scales are 
marked i through 100 but no order of 
magnitude is given. You can therefore 
use the nomogram for any range of fre- 
quencies by adding any number of zeros 
to all scales. For instance, if you are 
working in the region of 100 kilocycles, 
you let the 10 in the middle of each 
frequency scale stand for 100 kc. and 
then the ends of each scale will be 10 
kc. and 1 mc. 

There are two scales marked "Lowest 
Frequency." The slanted one is used in 
conjunction with the "Highest Fre- 
quency" scale and the other is used 
with both the "Middle Frequency" and 
the "Over -all Frequency" scales. Be 

sure, when adding zeros, to do the 
same thing to all frequency scales. 

Start by locating the high -frequency 
response of each stage on the appropri- 
ate scales. Then, at the bottom of the 
nomogram, draw a straight line through 
the points located on the "Highest Fre- 
quency" and the slanted "Lowest Fre- 
quency" scales, and extend the line to 
cross the horizontal axis of the graph 
at the top right. 

Now, go over to the left -hand side 
of the nomogram and draw a straight 
line through the points located on the 
"Middle Frequency" and the "Lowest 
Frequency" scales. Where that line 
crosses the short scale, you will find a 
value of "Factor A," which will tell you 
the curve to use on the small graph. 
On the graph, locate a curve for the 
correct value of "Factor A" or, if the 
factor is an odd value, estimate its lo- 
cation between two curves. 

From the point where the first line 
crossed the graph's horizontal axis, draw 
a vertical line to cross the curve for 
the appropriate factor A. Draw another 
line straight out from that crossing to 
the vertical axis of the graph. The dot- 
ted lines will serve as guides in draw- 
ing these vertical and horizontal lines. 

The final step is to draw a straight 
line from this point on the vertical axis 
to the point previously used on the 
"Lowest Frequency" scale. That line 
will cross the "Over -all Frequency" 
scale at the correct value. 

Example 

To clarify these instructions, we will 
determine the over -all response of three 

Table 1. High- frequency shrinkage factor. 

No. of 
Stages 

Shrinkage factor when 
all stages have identical 

frequency response 

2 0.644 
3 0.510 
4 0.435 
5 0.386 
6 0.351 
7 0.323 
8 0.301 

stages whose individual responses are 
20, 25, and 30 megacycles. 

In order to give the scales the correct 
range of frequencies. let all numbers 
on the frequency scales be megacycles. 

Step 1. Since the highest is 30 and 
the lowest is 20, draw a straight line 
through these values at the bottom of 
the figure and extend the line to cross 
the horizontal axis of the graph. 

Step 2. On the left -hand side of the 
nomogram, draw a straight line through 
25 on the "Middle Frequency" scale and 
20 on the "Lowest Frequency" scale. 
This line crosses the "Find Factor A" 
scale at a point between 1 and 2 but 
closer to 1. 

Step 3. Now go back to the graph 
and draw a line straight up from where 
the first line crosses the horizontal axis. 

Step y. Curves are shown for a factor 
A of 1, 1.5, 2, 2.5, 3, 4, and 5. Since the 
value we have found for factor A is 
between 1 and 1.5, estimate its position 
on the line drawn in Step 3. This point 
is shown as "B" on the graph. 

Step 5. Draw a line straight out from 
"B" to the vertical axis. 

Step 6. From that point on the ver- 
tical scale, draw a final line to 20 on 
the "Lowest Frequency" scale. That 
line will cross the "Over -all Frequency" 
scale at about 12 fmegacycles), the re- 
sponse of these particular three stages 
in cascade. 

Two Stages 

For the over -all response of two non- 
identical stages, use the "Highest Fre- 
quency" and "Lowest Frequency" scales 
at the bottom, but there will be no 
"Factor A." The next step, then, is to 
draw the line straight up from the 
crossing of the horizontal axis and lo- 
cate point "B" on the "Two Stages" 
curve. Draw a line straight out to the 
vertical axis and from there to the 
"Lowest Frequency" scale. This last 
line will cross the "Over -all Frequency" 
scale at the correct value. 

REFERENCE 

Thomas. P. G.: Philco Corporation Application Lab 
Report 617. May 1961. 
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hg. 1. Superv.sed group instruction in the laboratory of the high school at Elgin, Illinois. 

MAINTENANCE 

in TEACHING LABS 
By RUSS PAVLAT 

Background information for the technician on audio 
educational installations, including basic systems, 

equipment and performance standards, and service. 

N RECENT MONTHS, a large 
number of electronic teaching lab- 
oratories, especially language lab- 

oratories, have been installed in elemen- 
tary schools, high schools, and colleges. 
Monetary aid from the federal govern- 
ment has provided considerable impetus 
to increased growth of such installa- 
tions. Essentially, t hese laboratories, 
like the one at Elgin High School in 
Elgin, Illinois. shown in Fig. 1, are 
specialized sound systems. The service 
they require can be provided by a tech- 
nician competent in sound and tape -re- 
corder work who understands their 
operation and application. 

Three types of systems are commonly 
used. The terms applied to them are 
"audio- passive," "audio- active," and 
"audio- active -compare." The latter may 
also be termed "audio- active -record." 
The "audio-passive" system (see Fig. 3) 
is the simplest and most economical of 
the three, but its relative simplicity 
somewhat limits its range of uses. 

It consists essentially of a teaching 
console with one or more program 
sources (tape players, phonographs. 
radio sets, or an instructor), a means of 
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transmitting programs to students ( am - 
plifier and cabling), a means of student 
program selection Iselector switches), 
and a means enabling students to re- 
ceive the program f booths and head- 
sets). It is used to conserve classroom 
space, since several different listening 
programs or classes may he conducted 
in a single room at the same time, or 
different levels of instruction may be 
conducted in a single room at the same 
time. Where close listening and concen- 
tration are required, the headset pro- 
vides isolation, removes distractions, 
and aids concentration. A sound- absorb- 
ing booth ( Fig. 2) may be used as a 
further means of isolation. 

The "audio -active" system (Fig. 41 is 
more popular and more useful. In this 
system, a microphone and an amplifier 
are added to the student booth equip- 
ment used in the "audio -passive" sys- 
tem, and intercommunicating equip- 
ment is added to the teaching console. 
The student may now respond to the 
master program and also hear his own 
voice ria his microphone, amplifier, and 
headset. In the case of language instruc- 
tion, the student may repeat or answer 

i 

a master language program and hear 
his own responses, while the intercom- 
municating equipment provides the in- 
structor with a means of monitoring 
and instructing individual students, 
groups of students, or all students. Re- 
cording facilities may be installed at the 
console to allow the instructor to record 
one or two students at a time. Addi- 
tional wiring to provide intercommuni- 
cating facilities and power to student 
amplifiers is required. 

For the "audio-active-compare" sys- 
tem, a dual -track tape recorder and 
switching is added in each booth I each 
student position in Fig. 4), enabling the 
student to record a master program on 
one tape track, record his own re- 
sponses on the second tape track (while 
listening ria his headset 1, and later 
listen to both the master program and 
his recording on the second tape track. 
In the case of language instruction, this 
system permits a student to repeat 
words and phrases. answer questions, 
and check himself for he checked by an 
instructor) by listening to the master 
program and to his responses. Master 
language tapes are recorded with 
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pauses for student responses and an- 
swers. Once a master program has been 
recorded on the master track. the tape 
may be used repeatedly, with erasure 
and re- recording of the student's re- 
sponses on the second track. The tape 
may also be used for self -improvement 
work outside regular class hours 1 "li- 
brary study "). Additional power is re- 
quired for record -playback amplifiers 
and tape decks. 

How Much Fidelity? 

The servicing of electronic teaching 
laboratories requires consideration of 
frequency response, distortion, and 
noise, as is the case in conventional 
sound systems. 

Intelligibility, in itself, can be 
achieved with a frequency range of 200 
to 3000 cycles, a total harmonic distor- 
tion of up to 15%, and with considerable 
background noise. In electronic teach- 
ing laboratories, however, intelligibility 
is only one factor in effective teaching. 
Another major factor is student fatigue. 
Frequency response, distortion, and 
noise all have a definite influence on 
the amount of fatigue a student will 
experience in a normal class period. 

A "natural" sound is the least tiring. 
Absence of part of the normal audio 
range is sensed and can be annoying. 
A voice that sounds hollow, forced, or 
strained because some frequencies are 
missing, or which sounds distorted, re- 
quires the listener to exert more effort 
to maintain concentration. Tests indi- 
cate that there is considerable energy 
in the human voice over a range of fre- 
quencies from 80 to 12,000 cps, with the 
range from 8000 to 12,000 cps being of 
primary importance only in Oriental 
languages. Therefore, an over -all teach- 
ing- laboratory response of 80 to 8000 
cps within 3 clb will retain all compo- 
nents necessary for a natural- sounding 
voice in applications where Oriental 
languages are not taught. A total dis- 
tortion of less than 3r; from 150 to 8000 
cps and less than 5'S from 80 to 150 cps 
will permit student attentiveness with 
little or no increased effort. 

Noise. crosstalk, and hum are also 
distracting. Tending to mask desired 
signal, if excessive, they cause the stu- 
dent to exert extra effort in digging the 
information "out of the mud," resulting 
in a corresponding reduction in teach- 
ing- laboratory efficiency. Externally 
generated noises from student activity, 
fans, or air conditioners (mostly 200 
cps and below) can be reduced by good 
acoustic design in booths and rooms. 
Headset ear pads can reduce external 
noises appreciably. An over -all signal - 
to -noise ratio of 45 decibels or better 
is required to avoid masking and dis- 
traction. 

A competent sound and tape -recorder 
technician should be able to retain the 
original design features in a laboratory 
with respect to response, distortion, and 
noise. In some cases, he is able to im- 
prove laboratory performance by skill- 
ful maintenance and parts replacement. 
A suggestion to use ear pads on the 
headsets to reduce noise, for example. 
or the replacement of a marginal head- 
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set with a unit that has better fre- 
quency response. less distortion, or 
more comfort may be appreciated. The 
demonstration of a superior headset in 
the laboratory and comparison with ex- 
isting headsets is a simple matter and 
a very effective one that does not re- 
quire complicated test equipment and 
lengthy explanations. 

Ordinary magnetic headsets have re- 
sponse peaks in the range from 2500 
to 3500 cps and tend to cut out any- 
where between 4500 to 5500 cps. A good 
crystal headset, a carefully designed 
magnetic headset, or a good dynamic 
headset will faithfully reproduce the 
frequencies required in a natural- sound- 
ing manner. This is valuable in increas- 
ing student concentration, student 
comfort, and laboratory efficiency. 

Rough handling and bad treatment 
can seriously shorten the life of a head- 
set; the suggestion to install a bracket 
in each booth to hang the headset when 
not in use might be appreciated. Head- 
set cords, headbands. plugs, and jacks 
frequently require attention. Headset 
replacement is to be expected and, 
whether it is required as a result of 
misuse or normal wear, it represents 
a definite maintenance consideration. 
Headset sanitation is also a problem, 
and headset pad replacements are a 
source of business. 

Microphone maintenance can be han- 
dled in a manner similar to headset 
maintenance. Roughly handled mikes 
can develop peaks and valleys in fre- 
quency response and /or low output. 
Similar technical conditions and dem- 
onstration possibilities apply. The 
mounting of the microphone on a sturdy 
gooseneck or mounting bracket, or the 
placement of the microphone in a more 
convenient position in the booths or at 

the control console offer possibilities for 
improving a laboratory. 

Both tube -type and transistorized am- 
plifiers are currently being used in lab- 
oratory booths and control consoles. 
Newer designs tend toward transistor- 
ized equipment for its longer life and 
relatively low heat generation. The heat 
generated by a typical tube- equipped 
"audio- active -compare" laboratory is 
approximately equal to the body heat 
given off by the students using the 
equipment. In a transistorized set -up. 
this heat generation is reduced about 
70!;. 

The ventilating and air -conditioning 
equipment in a tube- equipped labora- 
tory may therefore have to he designed 
for a much larger capacity. The slight 
additional cost of transistorized ampli- 
fiers in a moderate or large laboratory 
may well be less than the cost of the 
additional ventilating and air- condition- 
ing equipment which would be required 
with a tube -equipped system. From the 
maintenance standpoint, this means 
that transistorized amplifiers should not 
be replaced with tube -type equipment, 
unless it is certain that the ventilating 
and air -conditioning equipment can 
handle the increased load. 

Repair Considerations 

In addition to normal tube and tran- 
sistor replacements, the large number 
of volume controls and switches on 
these systems require attention. Vol- 
ume controls at instructors' consoles 
and student positions are ordinarily the 
same type of carbon control used in 
radio and TV sets; these controls de- 
velop noise and contact troubles in a 
similar manner. Program and intercom 
switches become noisy and intermittent 
with normal use (especially in dusty 

Fig 2. Sound- absorbent booths provide desired physical and acoustic isolation. 

PROGRAM SOURCE 

PROGRAM SOURCE W 2 

IPROGRAM SOURCE W3 

Fig. 3. In a basic "audio- passive" system, students can only receive communication. 

PROGRAM 
SELECTOR 
SWITCH 

PROGRAM 

AMPLFIER 

o 0 
STUDENT HEADSETS 

Q 0 El 0 a 

10 m 
STUDENT HEADSETS 

m 

47 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com
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HEADSET 
M4 

STUDENT AMPLIFIER 

STUDENT AMPLIFIER 

ADSE 
s5 

STUDENT AMPLIFIER 

ERDSET 

6 

STUDENT POSITIONS 

Fig. 4. Student response and monitoring are possible in an "audio- active" system. 

locations) and, along with volume con- 
trols. respond to cleaning, lubrication, 
and adjustment in much the same man- 
ner as their radio and TV relatives. 
Care should be taken in replacing vol- 
ume controls to maintain original de- 
sign resistances and tapers, thus 
assuring the same smoothness of re- 
sponse and operation experienced when 
the laboratory was installed. Imped- 
ance mismatching will cause the sanie 
troubles found in conventional audio 
systems: e.g., distortion, lack of ade- 
quate frequency response, and unde- 
sirable level changes. 

The tape recorder- player parts of 
these installations (Fig. 5) are adapta- 
tions of commercial equipment. In 
general, they are full dual -track instal- 
lations, but in some cases the erase 
equipment has been omitted from the 
master -tape track to avoid accidental 

erasure of the program. This necessi- 
tates using clean tape in the booth 
when recording a master program being 
transmitted by the control console. To 
prevent or minimize this accidental pro- 
gram erasure by a student working in 
a booth. systems have been developed 
using special switches in the booths or 
remote switches at the control console 
to control bias on the master -track 
erase heads. These are preferred, since 
they avoid the additional time and work 
involved in using a bulk eraser or some 
special procedure to clean tape prior to 
use for master program recording. The 
tape decks may be dual speed and will 
normally incorporate fast forward and 
fast rewind with an interlock arrange- 
ment to prevent erasure in these modes. 

All the usual tape- recorder mainte- 
nance procedures are required for these 
systems. Head demagnetization. head 

Fig. 5. Each booth adds recorder and control panel in "audio- active- compare" work. 
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Fig. 6. Instructor leads class from central control at Platteville State College, Wis. 

cleaning, head alignment, pressure -pad 
adjustments and replacement, brake 
and tension adjustments, lubrication of 
motors, bearings, idlers, sliding parts 
and operating controls (avoid over - 
lubrication), replacement of rubber 
drives which have developed bumps or 
flat spots. belt adjustments and re- 
placement, adjustment of erase bias and 
recording bias for best signal -to -noise 
ratio, adjustment of tape lifters and 
breakage controls, and checks of wiring, 
switching, plugs, sockets, and ground- 
ing may be required. 

Cut -offs in case of tape breakage 
should be carefully checked and ad- 
justed to avoid the introduction of flut- 
ter and wow by the cut -off during 
normal operation. If heads are replaced, 
alignment and bias adjustments should 
be made according to manufacturers' 
instructions. In case separate bias oscil- 
lators are used on a dual -track unit, 
oscillator synchronization is required to 
avoid beat notes. Dual -track portable 
tape units for instructor use or for mak- 
ing master tapes may be included in a 
laboratory. In electrically braked and 
tensioned tape units, switches should be 
cleaned and adjusted and any rectifier 
outputs should be checked to assure 
sufficient voltage for braking action. 

Control Systems 
One of two types of program control 

will be used in an electronic teaching 
laboratory. Central control systems in- 
corporate a multi- position program 
selector switch at the control console 
for each student position (Fig. 6). The 
instructor has complete control of pro- 
gramming the entire laboratory, and 
knows at a glance which program is 
being transmitted to a student position. 
Audio wiring consists of two audio 
cables from the control console to each 
student position. one to carry the se- 
lected program to the student booth 
and one for monitoring and intercom. 
These two cables may be combined into 
a single jacket. 

Student control systems contain a 
selector switch on the student amplifier 
in each booth which allows the student 
to select one of a number of programs. 
The instructor is relieved from pro- 
gramming each student hut, to check a 
position, must monitor the particular 
booth to determine if the proper pro- 
gram has been selected. Audio wiring 
to each student position consists of a 
monitoring cable plus a cable for each 
available program. In a four- program 
system, this would require five audio 
cables (which could he contained in a 
single jacket) from the control console 
to each booth or student position. The 
quality of the intercom amplifiers and 
equipment should be kept as high as 
the quality of the program equipment. 
The instructor's effectiveness in teach- 
ing and correcting is reduced by poor 
intercom facilities. 

Hum. crosstalk. and noise can result 
from poor cable characteristics, poor or 
improper shield grounding, or by plac- 
ing the audio cabling close to a.c. power 
cabling. Good design requires a.c. power 

(Continued on page 70) 
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TRANSISTORIZED 
PHOTORHYTHMICON 

By LEON A WORTMAN 

DANCING LIGHTS 
PRODUCING colored light that 

changes hue and intensity in 
automatic synchronism with 

sound is technically interesting to the 
design engineer and technician and emo- 
tionally satisfying to the music lover. 
The August 1958 issue of this magazine 
carried an article in which the author 
described a device he dubbed the "Pho- 
torhythmicon." When connected to the 
output of an audio amplifier, the device 
actuated a string of colored light bulbs. 
The effect was described as "dancing 
lights." 

Many readers duplicated the unit and 
took time to write the author regarding 
their experiences. The majority of those 
who wrote described their individual 
techniques for arranging the light dis- 
play. Each was unique in some respect. 
A few arranged their lights vertically, 
others in a circle, and still others in a 
random fashion. One constructor had 
gone so far as to mount each of the 45 
bulbs in its own polished reflector! 

Despite the general satisfaction ex- 
pressed, the author is aware that there 
are two significant drawbacks inherent 
in the technique described : (1) low 
light- output level necessitated opera- 
tion in semidarkness and (2) the control 
chassis circuitry proved complex to 
some readers. Advances in electronic 
technology since the original article 
appeared, particularly in the area of 
power transistors featuring relatively 
high current amplification, now make 

it practicable to overcome both draw- 
backs. First, however, it would be a 
good idea to outline the concept and 
design objectives involved in this tran- 
sistorized version of the circuit. 

Concept & Design 

It has been recognized for many years 
that there are emotional and commer- 
cial dividends to be derived from com- 
bining light. color, and sound. Take the 
famous spectacle of the Garden of Ver- 
sailles where the fountains are bathed 

Fig. 1. Single- channel test circuit. 
R2 

-6 

5R, 

R, -I00 ohm wirea'oand pot 
R.-800 to 5000 ohms (.see ter/) y 
0,-100 pj., I5 v. elec. capacitor - 
C -1000 pl., 12 v. elec. capacitor 
SR,- Silicon rectifier, 200 p.i.v., 750 ono. 

(Sylvania IN2069 or equiv.) 
.PL:.PL:.PI., -t49 pilot light, 2 v. 

C 60 too. (parallel connected) 
J, -lepnt jack 
S,- S.p.s.t. roule switch 
T, -Fíl. trans. 6.3 v. Of 1.2 amps (Stanror 

P -6134 or equiv.) 
Er- "p -M -p" transistor (2N301) 

71 r 
urv.n.g. 

with colored lights to enhance the vis- 
ual appeal of the display. Walt Disney's 
famous "Fantasia" is another outstand- 
ing example of light and color at work 
with sound. In the 1920's, a well -known 
amateur organist, Gertrude Greenewalt 
developed a "color organ." It was, in 
fact, a theater organ that had been 
adapted to provide a special effect. The 
instrument was manipulated in the con- 
ventional manner. The special effect 
resulted froh the fact that each key 
of the manual was wired as a switch in 
series with a lamp and a power supply. 

One can readily visualize the enchant- 
ment created by the large display of 
lights. individually colored, one per or- 
gan key. The intensity of the individual 
lamps was fixed, that is, it did not 
follow the "swell" of the sound. Need- 
less to say, mobility of the system was 
extremely poor. In addition, it could 
not be adapted to existing music sys- 
tems or instruments without con- 
siderable design changes and laborious 
construction. One had to own and be 
able to play a theater organ in order 
to enjoy the pl "édstires offered by the 
invention. Mrs. Gieenewalt's concept of 
light, sound, and color, however, is in- 
triguing. 

Many other techniques have been 
developed since her time. Unfortunately, 
few people today remember her name 
in connection with the "color organ" -a name which is employed by a good 
many experimenters to describe their 

Construction of simple semiconductor color organ whose 
colored -light display varies in step with music signals. 
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Basic single -channel unit uses one power transistor and low -voltage power supply. 

RI Component layout employed by author 
in his single -channel color organ. 

R2 C2 

SI 

CI JI TO L MPS 

own particular "dancing- light" units. 
A highly mobile, instantly connectable 

device such as the circuit to be described 
offers broad appeal because there are 
more people willing to be spectators 
than performers, as witness the fan- 
tastic number of recordings of all kinds 
of music and entertainment. Millions 
of homes own and use record players, 
radios, and high -fidelity systems. This 
"Photorhythmicon" is capable of taking 
instant advantage of those ready -made 
sources of sound without involving the 
slightest modification, adaptation, re- 
wiring, or adjustment either to itself 
or to the sound system. This is a con- 
venient feature. 

With respect to the design of this 
transistorized "Photorhythmicon." it is 
desirable that it be capable of full op- 
eration at the audio level available at 
the loudspeaker terminals of a sound 
system because speakers are usually 
low- impedance devices and are common 
to virtually all sound systems intended 
for group listening. 

There are several advantages in con- 
necting this device to the voice -coil 
terminals: (1) preamplifier require- 
ments are reduced internally for the 
"Photorhythmicon" circuit; (2) low 
impedance eliminates the need for 

SO 

SRI 

INPUT 
JI 

RI 

C2 

R7 

matching or step -up transformers, and 
(3) makes it electrically practicable to 
use conventional loudspeaker crossover 
or even R -C networks for channel sep- 
aration. 

Single- Channel Unit 

In order to test the practicability of 
a transistorized "Photorhythmicon," a 
single -channel unit was designed and 
constructed. This unit is diagrammed in 
Fig. 1. The circuit is that of a grounded - 
emitter- connected p -n -p power transis- 
tor. The lamps are connected in parallel 
with each other and then, as a group. 
in series with the collector of the tran- 
sistor and the negative terminal of the 
power supply. 

Resistor R, provides base bias and 
determines the resting or quiescent col- 
lector current. That current varies in- 
versely with a change in the value of 
R. If resistor R, were omitted from the 
circuit, the collector current would be 
at or near cut -off, assuming no signal 
voltage at the base of the transistor. R, 
can either be a potentiometer adjusted 
to optimum or a fixed resistor with a 
value determined by experiment. The 
optimum value is found by visual in- 
spection of the light bulbs. The value 
is correct when the lamps are just be- 
low the point when the glow becomes 
visible under ordinary room light and 
the sound system to which it is con- 
nected is silent. (Note that no diode is 
used to rectify the audio before apply- 
ing it to the transistor. Instead the bias 
on the transistor is such as to make it 
operate nearly as a class B amplifier. 
Hence, output current is low with no 
signal and high with signal.) 

The value of R_ is not critical and 
usually lies between 800 and 5000 ohms, 

PL, 

RB 

2N3OI 
v2 

5 +IC4 

CS 

, L_...".'... 

Fig. 2. Complete schematic and 
parts listing for the three - 

channel -Photorhythmicon." 

2N301 
V3 

+ 

R9 

C5 

MID- 
RANGE 

BASS 

1/10 ohm mireaoaod pot 
R,.R IS ohm. Sí a'. res. 
R. 100 ohm. 1 tr. res. 

8(l0 to 5000 ohms (see text) 
C,,Cs-2 pf.. 25 v. elec. capacitor 
C:--10 pf., 25 v. elec. capacitor 
C.. -S0 pf., 25 v. elec. capacitor 
C 25 pf., 25 r. elec. capacitor 
J. Input lark 

6 1015V. 

P1.1°- Parallel-connected pilot lights 
( "Treble ") PL.- Parallel -connected pilot lights 
("Middle") 

P1.. r.- Parallel -connected pilot lights ( "Bass ") 
v,.V:.J'..- "p -ap" transistor (2N301) 
*For power supply voltage of 6 to 9 volts, use 
sir #19 (2 v. (u 60 ma.) lights; and for power 
supply voltage of 12 to IS volts, esr five 1:11 
(6.S v. 6s ISII ma.) lights. 
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depending on the individual transistor 
and the collector voltage. The higher 
the quiescent level or, within practical 
limits, the lower the value of R, the 
lower is the requirement for audio 
power at the loudspeaker terminals to 
produce a large swing in collector cur- 
rent. Of course, since the lamps are in 
series with the collector, they will vary 
in light output in accordance with the 
collector's current. It must be remem- 
bered that as the quiescent collector 
current is increased, the average power 
dissipated in the form of heat is also 
increased. The metal chassis on which 
the unit is assembled serves as an ade- 
quate heat sink to keep the transistor 
quite cool to the touch when it is op- 
erated at the quiescent level described 
as correct. 

The light display box can take many 
forms. Everyone who sees the device in 
operation has ideas on how this should 
be handled. The author's unit is. there- 
fore, only a suggestion designed to dem- 
onstrate the principle. Shown in the 
photographs are "shadow boxes" that 
permit display of very low -level light- 
ing under widely ambient conditions of 
external light. The bulbs are mounted 
in sockets on the interior face of the 
back wall of the box. The box used for 
the single- channel demonstrator meas- 
ures 12" x 3" x 4 ". A sheet of trans - 
luscent milk -white plastic is placed 2 
to 3 inches in front of the bulbs. 

The inside of the box behind the plas- 
tic and surrounding the bulbs is painted 
white to improve the reflective char- 
acteristics of the box and the portion in 
front of the plastic sheet is painted flat 
black to improve the contrast and en- 
hance the apparent brightness of the 
bulbs. 

The input of the circuit is connected 
directly across the loudspeaker termi- 
nals of the sound source. It is not nec- 
essary to shield the connecting cable. 
Ordinary lamp cord is fine. R, is used 
as the sensitivity control. Of course, 
with this single -channel unit bass - 
middle- treble channel separation is not 
provided. The lights simply follow the 
varying composite signal voltage ap- 
pearing at the loudspeaker voice coil. 
Relatively low driving voltage achieves 
maximum light capability. It can be 
achieved by connecting this unit to a 
small transistor radio operating at nor- 
mal listening level. 

Three -Channel Display 

An experimental three -channel dis- 
play is diagrammed in Fig. 2. This is. in 
reality, merely the circuit of Fig. 1 in 
triplicate. Values for R:, R,, and K. are 
determined in the same way as the 
value for R, was established in Fig. 1. 
The crossover or channel separation is 
provided by an R -C configuration. This, 
unfortunately, introduces some attenu- 
ation of the input signal voltage, there- 
fore more driving power is required 
with this circuit than for the single - 
channel design. The small transistor 
radio was found to be capable of pro- 
viding the increased power. 

The light display is physically larger 
too. Three groups of bulbs are used in- 
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V.A.C. 

BRiOGE 
RECTIFIER 

SRI 

R -1 ohm. 1 tr. res. 
C, -2000 4.. 13 v. elec. capacitor 

-, -,USR- Single -phase selenium rectifier bridge 
'`d (International Rectifier 129111. Max. a.c. 

input 36 t.; 1.5 amp. output current) 
F,- 1 amp fuse 
S,- S.p.s.t. switch a Fil. trans.. 12.6 r r 2 amps (Stanrar 

3' 
gip'. 
r P -8130 or equiv. For 12 to 15 volts d.c. out- 

put, secondary connections are made to ter - 
minals "d" and "C"' and :17 pilot lights 
are used. For 6 ta 9 volts dr. output axe 
terminals ".a" and "H" or "H" and "C" 
and :19 pilot lights.) 

Fig. 3. Circuit of power supply used. 

stead of one. Each bank is in series 
with the collector of its respective tran- 
sistor. The author places the bass at 
the left, treble at the right. and middle 
register at the center. This is done only 
because of its relationship to the engi- 
neer's visualization of the frequency 
spectrum as a straight. horizontal line 
with an increase in frequency indicated 
as moving from left to right. But, bear 
in minci, the layman has no preconceived 
notion such as this. In fact, the musician 

visualizes and diagrams an increase in 
frequency or tone as a vertical concept. 

Translucent colored lacquer was used 
as a dip to tint the individual lamps. 
Although the author used red, blue, and 
yellow as bass, middle. and treble col- 
oration, there are no "rules" as to color 
or position. This, too, has proven to be 
quite subjective. Every viewer has his 
own preferences for color and position. 
Perhaps the rule should be: the color 
that pleases is the correct one. 

The power supply for operating the 
three- channel display is shown in fig. 
3. It should present no problems. 

The input circuit of the "Photo - 
rhythmicon" presents an essentially 
resistive load to the output of the am- 
plifier to which it is connected. A frac- 
tion of a watt of power is drawn by 
that input circuit. It may not even be 
audibly detected. However, no audible 
distortion is introduced by connecting 
this device to a high -fidelity system. 

It was stated that there were two 
significant drawbacks to the original 
"Photorhythmicon." The designs de- 
scribed here overcome the second draw- 
back by simplifying the circuitry. In a 
subsequent article, the author will de% 
scribe a high -power unit capable of 
providing sufficient light to permit op- 
eration in broad daylight. 

Three -channel "Photorhythmicon" built by author shown with its light- display box. 

Inside view showing the wiring and parts layout used in the three- channel unit. 

LIGHT- SUPPLY SOCKET C4 Re JI 
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DYNAMIC 
TRANSISTOR BRIDGE 

By STANLEY E. BAMMEL 

Handy for testing or circuit design, the checker 
determines beta and other characteristics under 

selected operating conditions with a test signal. 

WHETHER one is replacing 
defective transistors in the 
course of service or designing 

circuits, it is often important to consider 
stage gain in selecting the transistors. 
One consideration in obtaining greatest 
gain is the matching of the source im- 
pedance to the input impedance of the 
transistor. This immediately raises the 
question: "What is the transistor's in- 
put impedance ?" 

A reliable answer is seldom easy to 
come by. Manufacturer's data may not 
be readily available. Little may be 
learned from it even if it is on hand. A 
check of an assortment of transistors 
of the same type (especially the inex- 
pensive ones) shows wide variation 

Fig. 1. A basic a.c. impedance bridge. 

from one to the other. To complicate 
matters, the input impedance of an in- 
dividual transistor need not be constant. 
It may vary considerably with different 
amounts of current. 

Another important characteristic will 
be the beta of the transistor. Where 
an unbypassed emitter resistor is used, 
the input impedance is also dependent 
on beta. But beta itself is also subject 
to wide variation and may have to be 
determined individually. 

For these special applications, and to 
evaluate transistors in general as well, 
the author devised the simple, inex- 
pensive unit shown in Fig. 4. It provides 
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information that cannot be obtained 
with ordinary d.c. transistor testing. It 
uses an a.c. signal to measure dynamic 
input impedance, or h;., and current 
gain, or hl,. 

Strictly speaking, the actual input 
impedance and current gain in a circuit 
depend, to some extent, on the collector 
load; whereas h;,. and her correspond to 
these values only when the collector 
load is zero. However, the collector load 
usually is considerably less than the 
collector impedance, especially in audio 
circuits. Under these conditions, there 
will not be an appreciable difference, 
for practical purposes, between the in- 
formation desired and that measured. 
Furthermore, with the two character- 
istics established, it is relatively easy 
to determine other characteristics of 
the transistor in a particular circuit 
for an extensive test evaluation. How 
this is done will be considered later. 

The Circuit 

Measurements are made in bridge 
fashion: that is, one signal is balanced 
against another until a null is obtained. 
A conventional impedance bridge for 
achieving this is shown in Fig. 1, with 

V3 OR V4 

TRANSISTOR 
UNOER TEST 

C 

the signal from the transformer being 
applied to a known resistance and also 
the unknown impedance. The poten- 
tiometer, which can be calibrated, is 
adjusted to produce the null. The ear- 
phone represents any null detector. 

Fig. 2, the basic circuit used to de- 
termine h,., is an adaptation of the con- 
ventional impedance bridge. A transis- 
tor in the tester (which may be either 
V. or V,) supplies the test signal in place 
of transformer T of Fig. 1. This signal 
is applied to the transistor under test 
and also to R. and R (if V:: is used) 
or R,:: and R,: (if V, is used). The bal- 
ancing potentiometer is R. 

Fig.3 is the basic circuit used to meas- 
ure ht,. The small -signal current in the 
base of the transistor under test is es- 
sentially the same as the current 
through R. The current through Z is 
the base current times the beta of the 
transistor under test. Therefore, the 
effective resistance of Z, as far as the 
bridge is concerned, is the base current 
of the transistor under test times its 
beta. Strictly speaking, this circuit 
measures grounded- collector current 
gain, or hp.. However, since the latter 
quantity is equal to hr, +1, error is 

V3 OR V4 
E 

TRANSISTOR 
UNDER TEST 

2 
(R16) 

Fig. 2 (left). Cir- 
cuit for reading hi... 

Fig. 3 (right). Cir- 
cuit for reading he.. 

Fig. 4. The right - 
SI hand knob sets 

emitter current. Beta 
or input impedance 
is read on the left - 
hand knob after the 
bridge is balanced. 
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negligible unless h is unusually low. 
The manner in which the basic 

bridges of Figs. 2 and 3 are incorporated 
into the over -all circuit and selected by 
switching can be traced in Fig. 6. The 
role of V:: and V, can also he followed 
here. As already noted, they take the 
place of the transformer conventionally 
used in a bridge circuit. One reason for 
using transistors as the signal source is 
the fact that all transformers tried had 
too much primary -to- secondary leak- 
age to permit a sharp null. Another 
reason is that a low d.c. impedance is 
needed at the base of the transistor 
under test to.bias it properly. This im- 
pedance could not be obtained with a 
transformer while maintaining other 
necessary circuit values. 

V:: and V, do not function simultane- 
ously. When a p -n -p transistor is being 
tested, V, is forward biased by switch 
S_ to provide bias current. At the same 
time V:. cut off by reverse bias, is effec- 
tively out of the circuit. When an n -p -n 
transistor is being tested, the situation 
is reversed: V., conducts while V, is cut 
off. 

The signal applied through V:: or V, 
is developed by an oscillator consisting 

C2 C, 

R, 

2N229 
v, 

C2 

erence to collector current. The latter is 
simply emitter current minus base cur- 
rent. However, unless the hl. of the 
transistor under test is very low, the 
difference will be negligible. 

To obtain a sharp null, it is necessary 
to avoid any appreciable non -linearity in 
the operation of the transistor under 
test. This is achieved by keeping the 
a.c. test signal in the bridge circuit at 
a very low level. (The large value of 
R:, suggests this.) The low level, how- 
ever, makes amplification necessary in 
order that the null may be detected 
readily and accurately. V, and V. pro- 

Fig. 5. Bias circuit for setting cur- 
rent through the transistor under test. 

tery. With the space conserved by the 
boards, there was ample room for 
mounting battery holders. Location of 
the boards and wiring to components 
mounted on the front panel are shown 
in Fig. 9. 

To accommodate transistors that will 
not fit into test socket SO,, jacks for 
test leads to the three transistor con- 
nections were mounted below the socket, 
as shown in Fig. 4. A glance at R_:, the 
current control, in this photograph 
shows that current settings increase in 
the counterclockwise direction. This re- 
sulted because a potentiometer with a 
standard log taper was used. If you 
don't like the reverse scale. use a con- 
trol with a reverse log taper, as noted 
in the parts list. Otherwise an attempt 
to change the direction of readings will 
produce severe compression at the high - 
current end and unnecessary expansion 
at the low- current end. 

In the completed version of the in- 
strument shown in Fig. 4, note that 
there is also some compression at the 
extreme settings of R,,. Some later work 
indicated that the addition of R,, and 
R,,, shown in broken lines in Fig. 6. ex- 
panded the scale of R;,, especially at the 

2Ní265 
v2 

R 

02 R 

50 
Et 

R25 

NN 

' 
I. 

C 

S2 

023 

R7 

Rig 2Ní265 
C6 Ve r 

R20 

R21 0 

NULL 
DE-ECTOR 

Fig. 6. The four transistors to the left develop test signal. The two to the right amplify bridge ou put for null detection. 

R -17.00 oh,,,. ' , m. r, 
R. R,,., R,:- 10.000 oh,,,. I se. res. 
R . R R. -10110 ohm, , í m. res. 
R .1900 ohm, '2 m. res. 
R . R:.. R 1700 oho,. m. res. 
R . R 171, ohm. 2 m. res. 
R.. R . R 170.000 ohm, , í re. res. 
R . If 1200 ohm., w. res. 

R -100 oha,. e 2 m. res. ± Se/ 
R,,, R:, - 131111 ohm, 12 re. res. 
R 500.000 oh,,, linear -taper pot 
te 10,0011 oho, reversrloper pot (see text) 
R 111,000 ohm., 2 m. res. (se,' test) 
R;. -1800 oh,,,. e í m. res. (see test) 
C,. C:- .111 ,,j. tubular capacitor 
C:-10 of.. 6 v. elec. capacitor 
C:- -50 24..6 v. elec. capacitor 

C.. (.'..- .1 p ., 10 :. disc ceramic (CRL 
U1i10-105) or tnhnlar capacitor 

C:- -.1 pj. t thnlar raparito 
s,. Se-D.p.d.t. slide switch 
S.,-S.p.s.t. .slide switch 
SI),-Transistor socket, ialiae or universal 
R.-6-volt battery e I pealite rellsl 

f'., r 2.Y229 traasistor 
2.V1265 transistor 

1 

+ 

of V,. V and associated components. 
Output is close to a sine wave. The 
complementary characteristics of p -n -p 
and n -p -n transistors were used to ad- 
vantage here to achieve direct coupling, 
resulting in fewer parts and lower cost. 
Oscillator frequency is determined by 
C, and C_. 

The basic bias circuitry for the tran- 
sistor under test is shown in Fig. 5. Since 
the potential difference between emitter 
and base of a transistor does not exceed 
a fraction of a volt, voltages E E and 
E:: are essentially equal. Since E.: re- 
mains basically the same, R_: can be 
calibrated in current and the calibration 
will be essentially the same for all tran- 
sistors. Strictly speaking, this calibra- 
tion is for emitter current whereas tran- 
sistor ratings are usually given in ref- 
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vide enough amplification so that a 
v.o.m., earphones, an oscilloscope, or 
any common indicator can be used as 
a null detector. 

Construction 

Little can be said about construction 
that is not better conveyed by the pho- 
tos in Figs. 7. 8. and 9 and in the sche- 
matic. Other constructors may prefer 
another method, but the author found 
it convenient to mount all small parts 
on the two polystyrene boards of Figs. 
7 and 8. The former essentially consists 
of the circuits that develop and apply 
the test signal, while the latter includes 
circuitry for null detection. Chassis 
ground was used, although this is not 
necessary. Four penlite cells make 
about the best and least expensive bat- 

ends. This improved the accuracy of 
readings. 

Calibration 
Calibration of R_: is quite simple. Just 

insert a milliammeter in series with this 
control and a good transistor in the 
test socket. Mark the milliammeter 
readings obtained by varying the con- 
trol on the front panel. 

To calibrate R _, switch S, to the h 
function. Do not insert a test transistor. 
Instead, connect a series of known re- 
sistors from the base connection of the 
test socket to ground. With each resis- 
tor, adjust R,, until the bridge is bal- 
anced. Then divide the value of the 
known resistance by 100 and mark the 
quotient on the front panel for R,,. This 

(Continued on page 68) 
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MISMATC 
HI -FI AMPLIFIERS 

By HERMAN BURSTEIN 

H N G 

THE POPULAR audio literature 
often gives warning about the 
dire peril of mismatching between 

power amplifier and speaker imped- 
ances, but gives little indication of just 
how dire. Therefore the author decided 
to investigate the matter by deliber- 
ately mismatching a typical power 
amplifier with a resistive load and 
measuring the effect upon power out- 
put, distortion, and frequency response. 
While about this, he also looked into 
two other related matters: (1) the re- 
sult of using different output taps on 
the power amplifier, each properly 
loaded; and (2) the result of mismatch- 
ing a crossover network with the 
speaker. 

The amplifier employed in the tests 
is a mono unit of moderate power, cap- 
able of about 15 watts at 1000 cps and 
about 12 watts at 30 and 15,000 cps. 
The circuitry is quite conventional: a 
pentode voltage amplifier is directly 

coupled to a triode split -load phase in- 
verter, which feeds a pair of pentodes 
using self -bias and connected in "Ultra - 
Linear" fashion to the output trans- 
former, as illustrated in Fig. 1. Negative 
feedback is taken from the transformer 
secondary to the voltage amplifier. Out- 
put taps of 4, 8, and 16 ohms are pro- 
vided. 

While the results obtained with one 
particular amplifier do not necessarily 
apply to all other amplifiers, still these 
results may be viewed as fairly indica- 
tive for modern amplifiers incorporat- 
ing push -pull output and a substantial 
amount of negative voltage feedback. 

Using Different Output Taps 

Three successive measurements of in- 
termodulation distortion were taken at 
10 -watts output (equivalent sine -wave 
power), each from a different output 
tap loaded with a matching resistor. 
When output was taken from a 4 -ohm 

tap (loaded with a 4 -ohm resistor), IM 
at 10 watts measured 2.1 %. The same 
measurement was obtained at the B- 

ohm tap. At the 16 -ohm tap, IM meas- 
ured 2.0%, but this trivial difference 
might easily be due to error of the eye 
in reading a measuring instrument or 
to the fact that the load resistors that 
were employed were not precisely 4, 8, 
and 16 ohms. 

In sum, for a given amount of output 
power, it appears that distortion is not 
significantly affected by the output tap 
employed, as long as the load impedance 
matches the tap impedance. 

Frequency response between 50 and 
15,000 cps was checked in a similar 
manner, and it was found that choice 
of output tap did have an effect on 
response but so slight as to be insig- 
nificant. At the 4 -ohm tap, 50 -cps re- 
sponse was down about 1/4 db compared 
with performance on the 8 -ohm and 
16 -ohm taps. At 15,000 cps, response 

What happens to intermodulation distortion and frequency 
response when your power amplifier is mismatched? Here 
are some results of deliberate mismatching of the load 
as measured on a typical medium -power audio amplifier. 
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was down % db on the 8 -ohm tap and 
1/2 db on the 4 -ohm tap compared with 
performance on the 16 -ohm tap. To re- 
peat, choice of tap had inconsequential 
effects on response. 

Effect of Load on Distortion 

The effect of an upward mismatch 
was investigated first by loading the 
4 -ohm output tap with a 16 -ohm resis- 
tor. Although one could still get 10 
watts output with this arrangement, 
IM measured 34%, which would hardly 
do. On the other hand, it was found 
that IM could be kept down to the 2% 
level by reducing output to 5 watts. 
This means, for the same distortion 
level (2(4 ), a power loss of 3 db when 
the correct 4 -ohm load is replaced by 
a 16 -ohm one. A loss of 3 db is not very 
serious inasmuch as it corresponds to 
a barely perceptible decrease in loud- 
ness. 

In sum, an upward mismatch of as 
much as 4 to 1 is not necessarily dis- 
astrous. This is true if one doesn't try 
to drive his power amplifier to its limits. 
On the other hand, this doesn't mean 
that it is good policy to have a radical 
upward mismatch. Even though one 
keeps well below the power limits of 
the amplifier, such power as is drawn 
possibly contains more distortion than 
under matched loading. It all depends 
on the particular amplifier. Some am- 
plifiers have a steadily rising distortion 
characteristic throughout their power 
range, while in others distortion remains 

VOLTAGE 
AMPLIFIER 

SPLIT -LOAD 
PHASE INVERTER 

This means that the preamplifier has 
to supply twice as much signal voltage 
in order to drive the power amplifier 
to its original output level. Some pre- 
amplifiers can produce the additional 
signal voltage only at significantly 
higher distortion. Others, however, can 
handle the extra task with utter lack 
of strain, such as those which can turn 
out 3 volts or more at less than .1% 
IM distortion. (Keep in mind that most 
power amplifiers can be driven to full 
output, when properly loaded, by 1.5 
volts or less.) 

The effect of a downward mismatch 
was then examined, using a 4 -ohm load 
on the 16 -ohm tap. Surprisingly, there 
was no increase in distortion as the re- 
sult of trying to get 10 watts output 
in these circumstances. IM measured 
2.1%, very nearly the same as when 10 
watts was extracted from the 16 -ohm 
tap through a 16 -ohm load. On the 
other hand, to prove that you don't 
really get away scot -free, there was an 
adverse effect on treble response, as 
discussed in the following section. 

Effect of Load on Response 

A downward mismatch -4 -ohm re- 
sistor on the 16 -ohm tap -had no effect 
on bass response but adversely affected 
treble response, producing a loss of 21 /a 

db at 15,000 cps. Still, this is a barely 
significant loss, one that you would have 
to attend very carefully to detect on 
an A -B comparison and which could be 
easily corrected by a slight twist of the 

PUSH -PULL OUTPUT, 
ULTRA-LINEAR CONNECTION 

NEGATIVE VOLTAGE 
FEEDBACK NETWORK 

quite constant and low over most of 
the range and then rises steeply as the 
upper limit of power output is ap- 
proached. When using the latter type of 
power amplifier, it is conceivable that 
one could get away with a 4 to 1 up- 
ward mismatch at virtually no sacrifice 
in distortion at low power levels. But 
in the case of the amplifier tested by 
the author, an upward mismatch en- 
tailed an increase in distortion; prop- 
erly loaded, the amplifier could produce 
5 watts at 1.3% IM instead of 2% (when 
loaded by 16 ohms). 

Even though one gets away with up- 
ward mismatching in the power ampli- 
fier, there is a possibility of undesirable 
consequences at the preceding stage - 
the preamplifier. When the power am- 
plifier is loaded with 16 ohms instead 
of 4 ohms, power output is reduced 
about 6 db for a given input voltage. 
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treble control on the preamplifier used. 
The opposite result was obtained for 

an upward mismatch, using a 16 -ohm 
resistor on a 4 -ohm tap. Now treble re- 
sponse was improved, but very slightly; 
the rise measured 1 db at 15,000 cps. 
There was no effect on bass response. 

In all, mismatching was not as con- 
sequential for frequency response as 
for distortion and power output. 

Mismatching the Crossover Network 

What happens to frequency response 
if a crossover network designed for a 
given speaker impedance is loaded with 
a different impedance? To find out, the 
author used a network designed to pro- 
vide a turnover frequency (response 
3 -db down) nominally at 800 cps when 
loaded with a woofer and tweeter each 
of 16 -ohm impedance. Fig. 3 shows the 
configuration of this network. 

Because of the normal tolerances of 
components employed in crossovers, the 
turnover frequency proved to be 950 
cps instead of 800 for the tweeter and 
920 cps for the woofer. The difference 
in crossover points between woofer and 
tweeter (920 cps versus 950) is of little 
consequence. So is the fact that the ac- 
tual turnover frequency is upward of 
900 cps instead of 800 cps. Now let's 
see what happened as the load on the 
network was changed from 16 ohms to 
other values. 

The effect on treble response was 
measured first. As the load on the treble 
(tweeter) portion of the network was 

500 KC. 

FREQUENCY -CPS 
2KO 

4A Fig. 2. Typical variation of impedance of a loudspeaker that 
has been mounted in a properly tuned bass -reflex type enclosure. 

COM. 

Fig. 1. Circuit of typical hi -fi power amplifier used in tests. 

Table 1. The effect on output power and intermodulation distor- 
tion when the value of the load resistance and the output tap 
were changed. Note that an upward mismatch has a greater ef- 
fect in the case of the particular amplifier used. Only a 
very slight change in frequency response occurs with mismatch. 

AmpTaptput 
Load 

Eu. 
ave Output Dist. Remarks 

IA. Effects on Distortion 

t 

I I. Choice of tap 4 ohm 
8 ohm 

16 ohm 

4 ohm 
8 ohm 

16 ohm 

10 watts 
10 watts 
10 watts 

2.1% 
2.1% 
2.0% 

No 
significant 
change 

2. Upward mismatch 4 ohm 

4 ohm 
4 ohm 

16 ohm 

16 ohm 
4 ohm 

10 watts 

5 watts 
5 watts 

34.0% 

2.0% 
1.3% 

Much higher 
distortion at 
high power 
Somewhat higher 
distortion at 
reduced power 

3. Downward 
t- , jniematch 

16 ohm 4 ohm 10 watts 2.1% No significant 
change 

Output Tap 1 Load Output Relative 
50 cps 

Response 
15,000 cps Remarks 

B. Effects on 
I Frequency Response 

1. Choice of tap 4 ohm 
8 ohm 

4 ohm 
8 ohm 

1 watt 
1 watt 

-Mr db' 
0 db' 

- t db 
-M4 db 

No 
significant change 

f 2. Upward mismatch 4 ohm 16 ohm 1 watt 0 db° +1 db° Slight high -freq. boost 

3. Downward 
.,.mismatch 

16 ohm 4 ohm 1 watt 0 db° -21 fit° Slight high - 
freq. roll-off 

Relative to response on 16-ohm tap; " Relative to response with a matched load. 
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reduced, the treble turnover frequency 
went up substantially. For an 8 -ohm 
load the turnover was 1450 cps; for a 
4 -ohm load, 2000 cps. On the other hand, 
the turnover frequency fell as the load 
was increased, it was 700 cps for a 32- 
ohm load. 

When the load on the bass (woofer) 
section of the network was changed, the 
opposite effects occurred. The turnover 
frequency went down as the load was 
reduced. For an 8 -ohm load the turn- 
over was 575 cps; for a 4 -ohm load, 370 
cps. But when the bass load was in- 
creased to 32 ohms, the turnover went 
up to 1070 cps. 

Of what significance is all this? The 
most important thing appears to be the 
possibility of causing a big dip in re- 
sponse as the result of using speakers 
that have too low an impedance for a 
given crossover network. Let us assume 
that an 8 -ohm tweeter and an 8 -ohm 
woofer are used in conjunction with a 
16 -ohm network designed to cross over 
at 800 cps. The tweeter's response would 
fall rapidly (most crossovers produce 

ing overworked. However, if they are 
required to reproduce upper frequencies 
for which they are not designed, some 
distortion may result. 

Mismatching Network & Amplifier 
What happens if there is a mismatch 

between the output tap of the amplifier 
and the impedance of the crossover net- 
work? To check this. the 16 -ohm cross- 
over shown in Fig. 3, loaded with 16 -ohm 
resistors. was successively connected to 
the various taps on the amplifier. The 
turnover frequency remained virtually 
constant for the bass portion of the net- 
work. However, it went up somewhat 
for the treble portion as connection was 
made to the 8- and 4 -ohm taps. The 
treble turnover was 950 cps at the 16- 
ohm tap, 1050 cps at the 8 -ohm tap, and 
1080 cps at the 4 -ohm tap. In most 
situations this amount of change in 
turnover frequency would not have au- 
dible results. 

Summary and Conclusion 

With a modern power amplifier, im- 

Crossover load on Each Amp -Output 
Impedance Section Tap 

Treble Cross- Bass Cross. 
I over Freq.. over Freq.' 

A. Mismatch with !Bohm 16 ohm 16 ohm 950 cps 920 cps 
Amplifier 16 ohm 

16 ohm 
16 ohm 8 ohm 
16 ohm 4 ohm 

1050 cps 920 cps 
1080 cps 920 cps l 

8. Downward l6 ohm 16 ohm 16 ohm 950 cps 920 cps 
Mismatch 16 ohm 8 ohm 16 ohm 1450 cps. 575 cps 

( 

with Load 16 ohm 4 ohm 16 ohm 2000 cps i 370 cps 
C. Upward 16 ohm 32 ohm 16 ohm 700 cps 1070 cps 

Mismatch 
with Load I 

' Response down 3 db. 

Table 2. Changes in crossover frequencies as a 

a 12 db per octave slope) much before 
the turnover frequency %vas reached 
and so would the response of the woofer. 
Hence in the general area of about 500 
to 1400 cps, which is nearly an octave 
and a half, response would be deficient. 
The listener would probably complain 
of "the absence of middle." 

On the other hand, there appears to 
be less chance of going wrong with an 
upward mismatch. where the speaker 
impedance exceeds that of the crossover 
network. In this case the woofer and 
tweeter will each cover somewhat more 
audio territory than originally planned, 
resulting in a slight excess of response 
in the vicinity of the turnover fre- 
quency. But this excess is 3 db at most, 
which is barely detectable, is smaller 
than the hole in response which can re- 
sult from downward mismatching, and 
is small compared with the peaks and 
dips usually exhibited by speaker sys- 
tems. 

However, a gross upward mismatch. 
such as loading a 4 -ohm network with 
16 -ohm speakers, probably should be 
avoided, because it may overburden the 
tweeter. If the tweeter is forced to re- 
produce low frequencies for which it 
was not designed, its excessive excur- 
sions at these frequencies may cause 
serious distortion, and even destruction 
of the unit. The author has observed 
that some very fine tweeters go to 
pieces when required to produce an ap- 
preciable amount of sound not much 
below the turnover frequency. 

Woofers are usually stronger beasts 
than tweeters and not as subject to be- 
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Remarks 

Treble crossover freq. raised 
slightly. Bass crossover freq. 
remains constant. 
Treble crossover freq. raised 
and bass crossover freq. low - 
ered. 
Treble crossover freq. low- 
ered and bass crossover freq. 
raised. 

result of deliberate mismatching. 

L2 

Fig. 3 Crossover -network circuit used. 

pedance mismatches as great as 4 to 1 
between amplifier and speaker do not 
usually have the dreadful consequences 
that are sometimes suggested. While it 
is generally safest and best to match 
impedances, it is quite possible to have 
a substantial mismatch and yet retain 
adequate power output at little or no 
sacrifice in distortion and treble re- 
sponse. With an upward mismatch 
(speaker impedance greater than the 
amplifier's), one must be prepared to 
lose up to about half of the amplifier's 
power capacity, which is but a 3 -db 
loss. Depending on the particular ampli- 
fier. distortion will rise a little or none 
at all at reduced power levels; treble 
response will not suffer. With a down- 
ward mismatch, full power can be re- 
tained at apparently no increase in dis- 
tortion and with relatively slight treble 
loss. 

A mismatch as great as 4 to 1 is apt 
to have undesirable consequences when 
it occurs between the crossover net- 
work and the speaker. This is true main- 
ly for a downward mismatch, when the 
speaker impedance is less than the net- 

work's. This may open up a substantial 
hole in response in the vicinity of the 
turnover frequency. An upward mis- 
match may elevate response in the re- 
gion of turnover, but not by more than 
the relatively slight amount of 3 db. 

In the case of the crossover network 
vis -a -vis the amplifier, mismatches up 
to 4 to 1 appear to have inconsequen- 
tial effects on frequency response. An 
upward mismatch (crossover impedance 
higher than the amplifier's) causes 
treble response to start falling off 
slightly above the nominal turnover. 
The author did not have the facilities 
for checking the effect of a downward 
mismatch (requiring an 8 -ohm or 4 -ohm 
crossover), but it may be inferred that 
such a mismatch would cause treble 
response to start falling off slightly 
below the nominal turnover. 

Ordinarily one would not invite even 
the slight risk of trouble by deliberately 
incurring a mismatch. But is there a 
possibility that a mismatch can actually 
prove advantageous? The answer is 
yes. Following are three examples. 

1. Typically, the impedance of a 
woofer or full -range speaker rises sub- 
stantially at low frequencies, as indi- 
cated in Fig. 2. Therefore its ability to 
draw large amounts of power from the 
amplifier decreases at low frequencies. 
If one is trying to get thunder from his 
speaker and therefore drives the am- 
plifier hard, it is possible that the in- 
crease in speaker impedance prevents 
the amplifier from supplying all the 
power of which it is capable. But a 
downward mismatch, such as putting 
an 8 -ohm speaker on the 16 -ohm tap, 
would enable the speaker to draw more 
power at low frequencies. 

2. When dividing the frequency range 
between two speakers, the speaker 
characteristics may happen to produce 
an undesirable peak in the region of the 
crossover frequency. This can be more 
or less compensated by a downward 
mismatch between the crossover and 
the speakers, that is, using a crossover 
with a higher impedance than the 
speakers'. Thus if the speakers are 
rated at 8 ohms, one might design the 
network for 12 ohms in order to get a 
compensating dip in response. Con- 
versely, if the speaker characteristics 
are such that the crossover region can 
profit by a little extra response, a cross- 
over network might be constructed 
which produces an upward mismatch, 
perhaps by designing the network for 
an impedance of 6 ohms. 

3. Sometimes a high -efficiency speaker 
is used with a power amplifier which 
can supply more power than is needed. 
With this goes the unnecessary danger 
of blowing out the speaker in case the 
power amplifier should go on a rampage 
(for example, if the input lead breaks). 
Also, there is excessive reproduction of 
hum and noise generated by the power 
amplifier and preamplifier. The speaker 
can be given considerable protection, 
and a slight reduction in hum and noise 
can be achieved, by an upward mis- 
match. such as connecting a 16 -ohm 
speaker to the 8 -ohm tap or perhaps 
even to the 4 -ohm tap. 
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JULIAN D. HIRSCH 
of Hirsch -Houck 
Laboratories 

Summing up his report 
for HI -FI STEREO 
REVIEW, Julian 
D. Hirsch wrote: 
"In my opinion, 
the UNIVERSITY 
CLASSIC MARK II 

. is one of a 
limited group of 
speakers to which I 
would give an 
unqualified topnotch 
rating." 

"Despite the popularity of bookshelf -size 
speaker systems, the big speaker system is far 
from extinct. There is still a great deal to be 
said for the sound quality of a really good 
large speaker system, one of which is 
University's new Classic Mark II. 

In operation, the Classic Mark II handles 
low frequencies up to 150 cps through a 15- 
inch high -compliance woofer that is installed 
in a ducted -port cabinet. The bulk of musical 
program content, however, is handled by an 
8 -inch mid -range speaker, which covers from 
150 to 3,000 cps. Above 3,000 cps, a Sphericon 
super tweeter takes over. 

The measured indoor frequency response 
of the Classic Mark II was remarkably uni- 
form. As a rule, such response curves are so 
far from flat that I do not attempt to correct 
them for the slight irregularities of the micro- 
phone's response. However, the measurements 
for the Classic Mark II prompted me to plot 
the microphone response also. This further 
emphasizes the uniformity of the system's 
frequency response. A 5 -db increase in the 
setting of the tweeter -level control would 
probably have brought the range above 3,000 
cps into nearly exact conformity with the 
microphone -calibration curve. 

The low- frequency distortion of the woofer, 
even at a 10 -watt input level, was very low, 
and it actually decreased at 20 cps, where the 
output was beginning to rise ... Any good 
amplifier of 10 watts rating or better should 
be able to drive it satisfactorily. 

In listening tests, the Classic Mark II 
sounded very clean ... there was an under- 
current of bass, more often felt than heard, 
that was completely lacking in some other 
quite good speaker systems that I compared 
to the Classic Mark II. The speaker sounded 
at its best (to my ears) at moderate listening 
levels. At high levels the bass tended to be 
overpowering. A different listening room, of 
course, could easily alter this situation com- 
pletely. Over -all, the sound was beautifully 
balanced, with wide dispersion and a feeling 
of exceptional ease. There was never a hint 
that three separate speakers were operating; 
the sound seemed to emanate from a large, 
unified source. 

In my opinion the University Classic Mark 
II justifies the substantial claims that its man- 
ufacturer has made for it. It is one of a 
limited group of speakers to which I would 
give an unqualified topnotch rating. Anyone 
who is in a position to consider a system of 
its size and price would be well advised to 
hear it. The price of the system is $295.00." 

WRITE TODAY FOR THE COMPLETE .. 
JULIAN HIRSCH HI -FI STEREO REVIEW 
REPORT on the new CLASSIC, as well as the 
documented CLASSIC brochure and "Informal 
Guide Component 
Stereo o High Fidelity." 
Simply write: Desk s -c, 
University Loudspeak- 
ers, 80 S. Kensico Ave., 
W kite Pla ins, New York. 

.A Dirl,.on of Ling.Trmro- 1'ou,M, /nr. 
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May we 

bend 
an ear 

tota 

II n 
There's much to be said for the slim, in- 

conspicuous, yet professional appearance 

of the "MAGGIE- MOBILES ". Still more for 

their clean, crisp signal and unbelievably 

low noise level. 

But the real point of this message is a hidden virtue 

you can't see or hear. It's called, "17 -7 stainless 

steel ", one of the most resilient alloys ever made. 

We use nothing else in our MAGGIE -MOBILES, even 

though it costs considerably more than the stainless 

steels used in run -of- the -mill whips. Here's why: 

You can bend it full circle, from tip to butt; let go 

and it snaps back to a perfect vertical. (Don't try 

this with other brands). It slips around obstructions 

like an eel. No breakage ... no "water shorts ". 

One more reason why Antenna Specialists' brand 

antennas are preferred by more citizens banders than 

any other kind. 

Switch to a 

"MAGGIE- MOBILE" 
Base - loaded CB 27Mc 

ANTENNA 
MOUNTING'S A SNAP, TOO! 

Available in three simple and attractive mounts ... 20 

ft. cable with connectors attached ...take your choice! 

MODEL M -67 
Roof mounted entirely from out- 
side. Ideal omni signal pattern. 
Only $15.68 (net) 

MODEL M -74 
Cowl or deck. Ingenious swivel 
base adjustable up to 35° angle. 
Only $19.32 (net) 

MODEL M -73 
Trunk groove mount. No holes 
in body! Fits all makes and 
models. Only 817.06 (net) 

P.S. Your CB base station should have 

the famous big -gain, easy -to- install 
Magnum 27. It won't bend. 

HAM OF THE YEAR 
William G. Welsh, W1SAD /6, has been chosen to receive 

the 1961 Edison Radio Amateur Award for public service. 

AN AMATEUR radio operator who 
has voluntarily taught electronics 

to more than 2800 people -young and 
old -has been chosen to receive General 
Electric's 1961 Edison Radio Amateur 
Award for public service. He is William 
G. Welsh, 34, an engineering writer who 
recently moved from Cambridge. Mass. 
to Burbank. Calif. He operates amateur 
radio station W1SAD /6. Welsh received 
the Edison Award trophy and a 5500 
cash prize at a presentation banquet in 
Washington. D. C. on March 1. 

Welsh was chosen from among 23 can- 
didates as the tenth winner of this award 
by a panel of judges consisting of Com- 
missioner Rosel Hyde of the FCC, 
Chairman of the Board E. Roland Har- 
riman of the American National Red 
Cross, and President G. L. Dosland of 
the ARRL. 

Nominated by many persons in the 
Boston area - -including the engineer -in- 
charge of the Boston FCC office, a Cath- 
olic priest, and the director of a voca- 
tional high school -Welsh is said to have 
devoted 20 to 30 hours each week to his 
voluntary instruction work during the 
past ten years. 

He has devised comprehensive courses 
of instruction which include eight 1800 - 
foot code -practice tapes as well as text 
material. He has run off hundreds of 
copies of his tapes free of charge and 
sent them to voluntary study groups in 
nearly every state in the nation and at 
least twelve foreign countries. In addi- 
tion. he prepared a 70 -page instructor's 
handbook to help others teach radio. 

Welsh has taught radio classes in 
many locations in the Boston area in- 
cluding a course at M.I.T. sponsored by 
the state department of education. This 

is the only course for which he was paid, 
and he used his pay to buy duplicating 
equipment and materials to extend his 
voluntary teaching work. For two sea- 
sons, he conducted classes seven nights 
a week, sometimes holding both early 
and late evening sessions. 

His wife, Marie - -also an amateur 
radio operator (W1COL /6) -has often 
graded examination papers and taught 
classes when her husband was away on 
business trips. The couple has five chil- 
dren, with the oldest, Richard, 12, a 
licensed radio amateur too. 

Employed as an electronics engineer- 
ing writer by the Raytheon Co.. Wal- 
tham, Mass. for some time, Welsh and 
his family decided to move to California 
in December of last year. Shortly after 
arriving, Welsh obtained a similar posi- 
tion with Librascope, Inc., a Glendale 
electronics firm. 

In addition to the award winner, spe- 
cial citations will go to: 

Robert T. Herndon, WSURW, Port 
Lavaca, Texas, for providing emergency 
communications during the ten days fol- 
lowing Hurricane Carla. 

Eugene 1\I. Link, WOIA, Boulder, 
Colo., for handling more than 9000 
weather reports by radio in cooperation 
with the Denver Weather Bureau. 

George L. Thurston, W4MLE, Talla- 
hassee. Fla., for exceptional organiza- 
tion. planning, and coordination of civil 
emergency radio communications 
throughout Florida. 

Master of ceremonies at the Wash- 
ington presentation was L. Berkley 
Davis, president of the Electronic In- 
dustries Association and a vice- presi- 
dent of G -E. who served as chairman 
of the award council. 

Award winner William G. Welsh takes a few minutes to give pointers 
or, electronics to neighborhood youngsters in San Gabriel, California. 

Quality" 

For complete information 
see your local citizens 

band supplier ... or 
write for specifications to: 

the antenna specialists co. 
12435 Euclid Avenue, Cleveland 6, Ohio 

Export Div., 15 Moore St., New York 4, N.Y. 
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NOW! LEARN HOW TO SERVICE TRANSISTOR RADIOS 

THE QUICKEST, EASIEST WAY SO YOU CAN EARN BIG PROFITS! 

you'll get money- making know -how from the COMPLETE 16- LESSON 

"PRACTICAL TRANSISTOR RADIO SERVICING COURSE" 

Practical 

Transistor Radio 

Servicing 
Course 

' _ 

¡,n*n 
pt N fQ 

available as an exclusive BONUS FEATURE for 

PHOTOFACT® SUBSCRIBERS! 

FIRST LESSON IN 

PHOTOFACT 
SET No. 581 

(JUNE 1962) 
HERE'S JUST 

WHAT YOU NEED 

TO CASH IN ON THIS HUGE SERVICING MARKET! 
Servicing small transistor radios can be a real headache and 
a financial loss to service technicians -UNLESS you have the 
knack of quickly locating and repairing troubles caused by 
faulty miniature components or defective printed boards. 

The Howard W. Sams PRACTICAL TRANSISTOR RADIO SERVICING 
COURSE gives you the special knowledge and techniques you 
need to become an expert on transistor radios -so you can re. 
pair all types at a profit. 

You get practical know -how, based on years of on -the -job 
experience. You get down -to -earth text on every phase of tran- 
sistor radio servicing (see Lesson list at right), PLUS large pic- 
torial photos showing you why, what and how. 

The transistor radio servicing market is huge and growing, 
with millions of customers crying for service. There's big money 
to be made by those who know the shortcuts to quick, effective 
repair. The Sams PRACTICAL TRANSISTOR RADIO SERVICING COURSE 
can make you an expert, can give you the speedy know -how you 
need to earn big money consistently. 

Here's the Course you get with your Photofact Subscription! 
Lesson 1. Transistor Radio Components. Description of transistors, 

diodes and thermistors in transistor radio circuits. and other 
components used in miniature portables. 

Lesson 2. Transistors in Operation. Biasing, loads, temperature effects, 
polarities, positive and negative grounds, heat dissipation. 

Lesson 3. Measurements in Transistor Circuits. Voltage resistance, 
and current measurements in audio, RF and IF amplifiers, 
oscillators, detectors and other circuits. 

Lesson 4. Transistor Circuit Checks. Reading schematics, using Cir. 
cuiTraces , measuring voltages and resistances. 

Lesson 5. Transistor Radio Construction. Cabinets and case construc- 
tion, chassis removal, care of plastics and use of solvents. 

Lesson 6. Special Tools. Soldering devices, miniature tools used in 
assembly, disassembly, and repair of transistor radios. 

Lesson 7. Troubleshooting Techniques. Preliminary tests, current and 
voltage checks, and signal- tracing techniques used in isolat- 
ing troubles. 

Lesson 8. Making Effective Use of Test Equipment. Test equipment 
needs and applications. 

Lesson 9. Servicing Procedures. Where to start; step -by -step checks. 
Lesson 10. Analyzing Troubles by Symptoms. Commonly -found prob- 

lems, recognizingthe symptoms, and locating defective corn - 
ponents. 

Lesson 11. Alignment and Adjustment. Step -by -step procedures plus 
time -saving hints. 

L 12. Improving Performance. Techniques for improving the Oper. 
ation of noisy and /or weak receivers. 

Lesson 13. Repairing Printed- Boards. How to isolate printed- wiring de- 
fects and replace faulty components. 

Lesson 14. Transistor Replacement. Selecting and installing suitable 
types. 

Lesson 15. Auto Radios. Special requirements for servicing hybrid and 
all- transistor models. 

Lesson 16. Replacement Parts. How to repair defective components; 
sources for replacements. 

PLUS -to- the -point Questions L Answers to help you 
check your progress! 

Subscribe today through your Sams Distributor 
to receive all PHOTOFACT Sets 

as issued each month. Beginning in June, 
1962, you will start receiving the 16- lesson 

Practical Transistor Radio 
Servicing Course as a bonus with your 
subscription to PHOTOFACT -the 
world's finest tv -radio servicing data! SUBSCRIBE TODAY -Get This Timely BONUS Course! 

Are You Enjoying the Benefits of Membership in "PEET "? 

Join the thousands who have qualified and 
profited by membership in the "PEET" Pro- 
gram. If you now own a PHOTOFACT 
Library or plan to own one, you can apply for 
membership. It's the only program designed 
to build powerful public acceptance for you, 
which means increased business and profits. 
You get dozens of free promotional aids. 
Benefits cost you absolutely nothing if you 
qualify. Ask your Sams Distributor for the 
"PEET" details or mall coupon today. 

as 
SEEN 

in 

TV 
GUIDE 

Powerful national advertising 
monthly in TV Guide now car- 
ries the "PEET" message to 
over 8,000,000 TV families. 
building dynamic support and 
demand for the services of 
"PEET" members. Now more 
than ever it pays to qualify as 
a "PEET" member! 

May, 1962 

rHoward W. Sams & Co., Inc., Dept. 5 -E2 
1724 E. 38th St., Indianapolis 6, Ind. 
U I would like to enter my subscription to 

Photofact, effective with Set No. 581 

My Distributor is 

Send me details on how to become a "PEET" Member 

Shop Name 

Attn 

Address 

1 City Zone State t 
IL J 
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World's 
Only 

Recording 
Studio:.. 

orelco' 
CONTINENTAL '400' 
4 -Track Stereo Tape Recorder 

A recording studio in a suitcase- that's 
how NORELCO '400' owners describe 
this most advanced (and most popular) 
self- contained stereo tape recorder. 
VERSATILITY: 4 -track stereo record- 
ing and playback, as well as 4 -track 
monophonic recording and playback, 
at any of its 3 speeds. PROFES- 
SIONAL EXTRAS (at no extra cost): 
mixing, monitoring and sound -on- 
sound facilities. AUDIO FACILITIES: 
completely self- contained, including 
dual recording and playback preampli- 
fiers, dual power amplifiers, two 
NORELCO wide -range, stereo - 
matched speakers (one in the detach- 
able lid) and stereo dynamic micro- 
phone. For complete specifications, 
write to NORELCO. In the meantime, 
see and hear the Continental '400' at 
any leading Sound or Photo Dealer. 

1-1.qh F.deWy Products D's,er 
NORTH AMERICAN PHILIPS COMPANY, INC. 

230 Duffy Avenue, Hicksville. L. I., N.Y. 
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Product Test Report 
(Continued Jront page 20) 

It is possible to switch the output of the meter 
amplifier directly to a pair of output terminals on 
the front panel. A scope may be connected to 
these terminals, for example, in order to observe 

INPUT 

GRO 

C VI 

6FY5/EF91 

,28TH60E.FOLLDwER 

IMV. 
^ I,1- 

é 
FRED RESPONSE 

IV -300V. 
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C2 

60DB FREQUENCY 
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AT TENUATOR 
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.03V. 
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IV 
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3011. 
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300V. 

SI-RANCE SwIT^4 

R26 

R25 

R23 

R22 
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R24 
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very low -level signals that lie beyond the scope's 
sensitivity. It is not possible to meter these output 
terminals while they are being used in this way. 

The Model 250 is available either in kit form 
or factory- wired. The unit we checked was the kit 
version, the construction of which was simple and 
straightforward. It took us less than 6 hours to do 
the whole job from start to finish. After we built 
the instrument and calibrated it, we checked it 
on all ranges against an accurate lab -type a.c. 
v.t.v.m. The accuracy of the readings obtained 
ranged from -1.5% to -3% of full scale. The 

accuracy specified by the manufacturer is 3% 
of full scale. We next checked the frequency re. 
sponse of the meter amplifier with the range 
switch set to one of the lower voltage ranges and 
with an output voltage of 5 volts, the maximum 
output specified by the manufacturer. We found 
the low- frequency response to be down only .4 
db at 30 cps, down .9 db at 15 cps, and down 
2.5 db at 10 cps; hence, it would appear that 
the specification of -3 db down to 8 cps would 
be met. At the high -frequency end, the amplifier 
was up no more than about .1 db at frequencies 
just over 100 kc., the limits of our measurements. 

All in all, the Model 250 would appear to be a 
useful addition to the audio service bench, to the 
laboratory, or to an industrial troubleshooting 
department where audio equipment is being 
checked. The styling of the v.t.v.m. matches that 
used by Eico for their a.c. volt -watt meter and 
variable a.c. bench supply, and a grouping of 
these instruments is very much worth the small 
amount of bench space required for them. The 
meter sells for $49.95 in kit form, or for $79.95 
completely factory- wired. E.W. 
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Netherlands Fourth in Electrical Exports 
TI Holland Nish a population of 
only 11,600,000, has built up her 

electrical engineering industry during 
the past decade to fourth -place posit 
among the s of the world in ('X 
ports of electrical and elect ronir equip- 
ment and products. 

With 7 of the world's exports of 
electrical equipment, The Netherlands 
today ranks after the U.S. (23.5Só), 
Great Britain (20.5q ), and Western 
Germany (171-, ). In 1960, the latest year 
for which figures are available, the 
I)utcls industry of about 210 firms at- 
tained a total production output valued 
at more than $652,500,000. About 60 
per -cent of this total was exported 

OUTPUT 

CND 

tluougl the world. Other Europesus 
countries received two -thirds of these 
shit nis. 

Export statistics reveal that radio and 
cetevis sets, sound recording and re- 
production apparatus, amplifiers, ro- 
pisones, and loudspeakers led the field 
Of 1960 exports with at total value of 
$150,000,000. Placing second were elec- 
tronic tubes, photoelectric cells, and 
transistors, whose exports exceeded 
$58,600,000. 

The Netherlands industry has also 
played a significant role in producing and 
supplying all types of electronic equip- 
ment to the military estahlisl 'nl, both 
internal and NATO forces. 
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FREE: 
WORLD'S BIGGEST 

KIT CATALOG! 
SEND FOR YOUR COPY TODAY! 

You'll find hundreds of low -cost, easy -to -build 
Heathkit products in this value -filled catalog ... the 
world's largest and most complete! Over 250 differ- 
ent Money Saving kits are shown with complete 
descriptions, schematics, big photographs and full 
specifications. Send for your copy today! Save up 
to 50° %, of the cost of comparable products by doing 
the easy assembly yourself! All kits are fully guar- 
anteed and available on no money down terms! Use 
the handy coupon below. 

DELUXE FM STEREO TUNER: Brilliantly 
engineered. AM, FM and built -in FM Stereo 
Multiplex. Indicator light signals when FM 
stereo is being broadcast! Adjustable AFC 
and FM squelch; tuning meters, circuit 
boards. 
Kit AJ- 41...no money down $11 mo. $119.95 
Assembled AJ W -41, $18 mo. ....5189.95 

TUBE CHECKER KIT: Latest design. 
Tests all tubes including Compactron, Nu- 
vistor, Nover and 10 -pin miniatures! Built -in 
roll chart. Individual tube element switches. 
Perfect for service. 11 lbs. 
Kit IT- 21...no money down, $5 mo. $44.95 

CB TRANSCEIVER: Low -cost, two -way 
radio! Crystal controlled superhet receiver 
and transmitter; squelch and automatic noise 
limiter; Push -to -Talk microphone; built -in 
AC power supply; provision for plug -in 
DC supply. 
Kit GIN-12A (AC only)8 lbs. $5 mo. $39.95 
KitGW- 120(AC & DC)11 Ibs$5 mo.$44.95 

SSB MOBILE AMATEUR TRANSMIT- 
TER: 90 watt input. 80 through 10 meters. 
crystal bandpass filter, dual conversion hete- 
rodyne circuitry, automatic level control, 
switch selection of USB. LSB and CW. 
VOX or PTT operation. 19 lbs. 
Kit H X -20, No money down, $I9 mo. $199.95 

HEATH COMPANY 
BENTON HARBOR. MICHIGAN 

All Drieu, and ,n 

May, 1962 

MARINE RADIO TELEPHONE: Factory 
wired and tested! 50 -watt transmitter. 5 crys- 
tal- controlled transmit and receive channels. 
Covers 2 -3 me marine and standard broad- 
cast bands. Built in vibrator power supply. 
An outstanding value! 25 lbs. 
Assembled MWWIIA, no money down. 
$24 mo $259.95 

clAmmila 
World's oddest and l,trge:t ;na1113c1u:er 
of do- it- yourself electronic kits 

HEATH COMPANY 
Benton Harbor 15. Michigan 

Please send my free copy of the 100 page 1962 Heathkit Catalog 

Name 

Address 

City ZDne State 
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7 
MARK 
Static 

Sheath* 
Eliminates Precipitation Static* 
Improves Signal -to -Noise Ratio 
Affords up to 20 db Operating Gain 
Increases Receiver Sensitivity 
Extends Intelligible Coverage 
Easiest to Install 

INCREASE 
COVERAGE 

on Citizens Band 

MARK II SUPER BEACON 
FIXED STATION ANTENNA 

with Static Sheath =i 

Design advantages of the 
new MARK II now make it 
possible to step up the effi- 
ciency of your CA operation, 
and maintain clearer com- 
munication over greater dis- 
tances. 19 feet overall, the 
omnidirectional MARK II 
makes fullest use of the 20- 
foot legal length limit. Re- 
quires no radials or skirts. 
Provides 1 db gain over 
ground plane antennas. 

Employs a full half -wave ra- 
diator voltage fed through a 
special launcher -matcher 
cable section for excellent 
impedance match over the 
entire 11- meter citizens 
band. Low angle radiation 
insures utmost efficiency and 
maximum contact with mo- 
bile units. Improved mech- 
anical features and extra - 
rugged base support pipe 
add to its reliability. Simpli- 
fied clamp mounting makes 
installation easy. 

* Precipitation Static is caused 
by charged particles in the 
air impinging in a continuous 
stream on metal antenna ra- 
diator surfaces. The patented 
Mark Static Sheath is a 
tough, durable, dielectric 
plastic covering that elimi- 
nates this static interference. 

Write for Catalog HW19 -EW 

MARK HELIWHIP, 
Another Fine Product Line by 

B&K MANUFACTURING 

Dept. EW -5, 1801 W. Belle Plaine, Chicago 13 

"RCA RECEIVING TUBE MANUAL" com- 
piled and published by Electron Tube 
Division, Radio Corporation of America, 
Harrison, N.J. 480 pages. Price $1.00. 
Soft cover. 

This latest edition of the familiar 
Tube Manual (RC -211 provides techni- 
cal data on over 900 receiving tubes in- 
cluding nuvistor, novar, and other new 
tube types. Data is also provided on 
more than 100 types of black -and -white 
and color picture tubes. 

The Manual's text material on elec- 
tron tube theory, installation, applica- 
tion, and interpretation of tube data 
has been augmented. A new receiving - 
tube chart has been added to aid in the 
selection of tube types for specific ap- 
plications. 

The circuits section has been ex- 
panded and now includes 26 circuits 
among which are several broadcast re- 
ceivers, a 144 -mc. receiver, a 10 -meter 
nuvistor preamp, two two -channel 
stereo amplifiers, five amplifier circuits, 
preamp, mixer, and tone -control cir- 
cuits, etc. 

s * 

"TRANSISTOR CIRCUIT MANUAL" by Al- 
lan Lyle!. Published by Howard W. 
Sams cE Co.. Inc., Indianapolis. 255 
pages. Price $4.95. Soft cover. 

This is a practical reference manual 
for the build -it- yourself fraternity since 
it carries several hundred circuit dia- 
grams for building everything from AM 
radio receivers and audio amplifiers to 
switching and logic circuits, counters, 
and flip -flops. 

Following an introductory text sec- 
tion on the use of transistorized devices 
in all types of electronic circuitry, the 
material is divided into 16 sections cov- 
ering actual schematics and circuit ap- 
plications. Each section contains a gen- 
eral introduction which discusses that 
specific class of circuits, plus from 6 to 
27 individual circuit descriptions. 

In all cases the parts values are in- 
cluded on the circuit diagrams to facili- 
tate construction. 

"101 MORE WAYS TO USE YOUR VOM 
AND VTVM" by Robert G. Middleton. 
Published by Howard W. Sams cE Co., 
Inc., Indianapolis. 123 pages. Price 
$2.50. Soft cover. 

Here is a completely new series of 
hints for using v.o.m.'s and v.t.v.m.'s 
presented in the same format as this 
author's earlier volume covering these 
same test instruments. The suggested 
applications in this book fall into one of 
six categories: testing household de- 
vices, special uses, test- equipment 
checks, circuit tests, component tests, 
and miscellaneous tests. 

As was the case with the prior edi- 
tion, instructions are included for 
hookup connections required, equip- 
ment needed. and proper test proce- 
dures. Typical test results are discussed 
and supplementary notes provided. 

"MAGNETIC AMPLIFIER ANALYSIS" by 
David L. Lafuze. Published by John 
Wiley cf Sons. Inc., New York. 248 
pages. Price $9.75. 

The volume, written by an engineer 
in the Specialty Control Department at 
General Electric. covers both half -wave 
and full -wave amplifiers and develops a 

systematic procedure for analyzing 
magnetic amplifier circuits in general. 
His treatment of magnetic amplifier 
analysis involves the equivalent circuit 
and the block diagram of servo theory. 
The hook also includes simple relation- 
ships for calculating amplifier perform- 
ance from basic core properties and 
treats transient function generation. 

"WORLD RADIO -TV HANDBOOK" edited 
and published by O. Lund Johansen, 
Denmark. 228 pages. Price $3.00. Soft 
cover. Available in the U.S. from Ciller 
Associates. Box 239, Park Ridge, N.J. 

This is the 16th Edition of this de- 
servedly popular handbook for SWL's 
and DX fans. Like the previous editions, 
this volume lists all international short- 
wave broadcasting stations with full 
data on schedules, programs, frequen- 
cies, personalities, interval signals, etc. 

In addition to 175 pages of informa- 
tion on international short -wave broad- 
casts, this volume carries articles on 
standard- frequency and time -signal sta- 
tions, broadcasts in Esperanto, religious 
broadcasts, plus a comprehensive sec- 
tion on television stations through the 
world, including frequencies, programs. 
etc. 

Confirmed dial twirlers wouldn't be 
without this Handbook and newcomers 
to the field will soon discover a copy 
essential to their hobby. 

"SERVICING TRANSISTOR RADIOS" com- 
piled by Sams Staff. Published by 
Howard W. Sams cf Co.. Inc., Indianap- 
olis. 160 pages. Price $2.95. Soft cover. 

This is the tenth volume in a continu- 
ing series which covers the servicing of 
transistor radios produced by 24 manu- 
facturers during 1960. Some 57 models 
are included in this volume. 

Like the other hooks in the series, this 
volume features the company's "Photo - 
fact" notation schematics. dial -cord 
stringing arrangements, cabinet and 
chassis photos. alignment instructions, 
parts lists, and replacement data. In 
addition, the firm's "CircuiTrace" fea- 
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Lure has been included to facilitate printed- circuit trouble- 
shooting. A cumulative index covering all ten volumes is 
appended. 

"MOST- OFTEN -NEEDED 1962 RADIO DIAGRAMS AND SERVIC- 
ING INFORMATION" compiled by M. N. Beitnan. Published 
by Supreme Publications, Highland Park. Illinois. 

This is the most recent release in this publisher's series of 
service manuals and covers both tube and transistor radio 
receivers from some 24 manufacturers. 

As is the case with all of these manuals, each model or 
chassis type is represented by a schematic diagram, align- 
ment data special service notes and hints, a parts list, and 
various replacement data. 

"RADIO CONTROL HANDBOOK" by Howard G. McEntee. 
Published by Gernsback Library, Inc., New York. 300 pages. 
Price $4.95. Soft cover. 

This is a completely revised, enlarged, and up- dated edi- 
tion of a work which originally appeared in 1954 and went 
through eight printings. Like the original edition, emphasis 
has been placed on the practical how -to -do it aspects of the 
subject. Included are construction details and circuits for a 
variety of radio -control applications. The author provides 
complete data on receivers, transmitters, servos, pulsers, 
escapements. controls, relays, in addition to installation, ad- 
justment, and testing tips. 

The text is lavishly illustrated with schematics, line 
drawings, and photos of both home -built and commercial 
R/C units. 

a 

"ABC's OF ELECTRONIC ORGANS" by Norman H. Crowhurst. 
Published by Howard W. Suais & Co., Inc.. Indianapolis. 94 
pages. Price $1.95. Soft cover. 

This handbook is designed for the layman who wants guid- 
ance in the selection of an electronic organ. The author dis- 
cusses fundamentals and mechanics of playing, circuitry, 
maintenance, and troubleshooting of commercial units. Many 
photos and a glossary are included. 

December Production Puts 1961 

Radio -TV Output Ahead of 1960 

tivirwr in radio pr ecm udutt' in Deber red the 12- A th total for last year 217,328 .ets ahead of put 
during 1960. A relatively gaud final th for television 
I sled 1961's product' total -169, 15 I s above the 
prey' year's, according to statistics released by the Elec- 
t Industries Assoc' 

The December o11111n1 of 1,815.206 radios was the sec 1 

highest monlbly total for 1961 and brought rear -end produc- 
to 17,373,816. In 1960, 17.126,518 sets were produced. 

Production of 580,262 Tv receivers in December raised 
total output bast year to 6,177,797. against 5.708,316 in I960. 

During 1961, a total of 6.177,797 teleNi.ion sets were made 
of which 370,977 were equipped will u.h.f. tasters. Of the 
17,373,816 radio receiver. produced, 3,568.3 15 were 
WIN, and 915.297 were FM radios. The Ty sets equipped with 
u.h.t'. tuner. in 1960 were 128,527 while 1961 :nto radio pro - 
due topped 1960 by 863.867 sets. FM radius in 1961 were 
ahead by 913,297 to 904,766. 

In the audio category, 19611 was a better year for both 
and stereo set sales. laa.t year 1,088,131 set, were 

made as against 1,183,6(18 in 1960 while the stereo ligures 
were 2,900,249 versus 3,339,777 in the prey' . year, 

Sales of televis picture tube., however, exceeded those 
of 1960 by a comfortable bui spectacular margin, while 
1961 sales of receiving tubes dropped abruptly ler the 
total for the prey' year, The total. for 7'V picture tubes 
in dollars and . were: $185,553,12 l'or 9,306 927 tubes 
in 1961 as against S 180.832, I21 representing 9,013.671 tube. 
in 1960. The receiving tube pieture is reversed with 375,006,- 
000 tubes valued at S311,098,000 in 1961 as against 393,055,- 
000 valued at 5331,712,000 in 1960, A 

I ï 
I 
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FOR DON BOSCO'S 
r, VERSATILE, PEN -SIZE 

Stethotracer 
J 

A vest -pocket partner of thousands of engineers, the basic STETHOTRACER, 
an electronic high gain (1000x) signal tracer, extends its use with 7 

all -new detachable wide range probes! Replacing cumbersome test 
equipment, this reliable and highly accurate transistorized STETHO- 
TRACER is ideal for probing hard -to -reach areas in hydraulics, ultrasonics, 
chemical, acoustics and mechanical applications. Examine these handy 
new, precision -built attachments - 
1. MICROWAVE DEMODULATOR - Detects, demodulates any modulated 

frequency signals from 300 MC up to 10 KMC. 

2. MAGNETIC TAPE HEAD (MONAURAL)- Monitors recorded information 
of magnetic sheet or tape in motion - from simplest to most 
sophisticated magnetic tape recording devices. 

3. VIBRATION PICKUP - Detects minute mechanical vibrations such as 
ticking of watch, flow of gases and liquids through pipes, and 
movement of bearings. shafts, etc. Range from 200 cycles through 
ultrasonic frequencies (oscilloscope and output adapter required for 
observation). 

4. MINIATURE MICROPHONE - Frequencies cover speech range. Rugged, 
miniature, dynamic microphone may be used with STETHOTRACER 
as hearing aid. Handy for acoustical measurement. 

5. INPUT ADAPTER - Connects STETHOTRACER to output of any device 
through any standard miniature phono pin plug. 

6. OUTPUT ADAPTER - Connects STETHOTRACER to oscilloscope or 
recording instrument for accurate output measurement Provides 
600 ohms impedance with DC level of 0.80 volts (use AC input on 
scope). Excellent high gain (1000) preamplifier. 

7. TELEPHONE PICKUP - Pickup attaches to receiver end of telephone 
by rubber suction cup. Used with input adapter. 

See your local distributor or write for details to: 

Do n SOSCO 
ELECTRONICS INC. 
Littell Road Hanover, N. J. TUcker 7.5515 

A Subsidiary of Howell Electric Motors Company 
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NOW 

YOU CAN BUILD 

A FINE 

J eh T, arm 
FOR ONLY 

5550 

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 it's 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 rJ (ITeit 64yan CORPORATION 

43 West 61st Street, New York 23, N. Y. 
Also available in Canada and Australia. 

MAIL THIS COUPON TODAY 

The Schober Organ Corporation 
Dept. RN18 
43 West 61st Street 
New York 23, New York 
C Please send me FREE booklet and other 

literature on the Schober Organs. 
Please send me the Hi -Fi demonstration 
record. I enclose $2 which is refundable 
when I order my first kit. 

Name 

Address 

City Zone. State 
L 
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SERVICE 
INiflIJ Sir Ell/ 

o N EWS 

THE THREAT of food supermarket 
plans involving TV receivers and 

other major appliances appears to be 
just about over. At least three of the 
major "instant -dividend" plans have 
folded, just as independent dealers were 
bracing themselves for a tough fight 
against a serious menace, or what 
seemed to be one. Despite the many 
superficial attractions offered by such 
merchandising schemes, we felt that, 
like stamp plans (see this column. page 
91, March 1962), there was an impor- 
tant, built -in limitation : the amount of 
money people spend for food. Sure 
enough, the various reasons given for 
disappointment in the plans add up to 
one factor : not enough merchandise was 
being moved. 

Most attractive feature of the plans 
was that the customer, instead of wait- 
ing interminably to earn his merchan- 
dise (as after having saved many thou- 
sands of stamps), could get his TV or 
other appliance right away and earn it 
later. Actually, he was buying on the 
installment plan with one difference: A 
part of his purchases in the participat- 
ing supermarket (usually 5.5 per -cent 
of what he spent in one month) was 
credited to his monthly payment. With 
a great deal of luck and management. 
he could wind up paying little and per- 
haps even nothing for the appliance, 
out of pocket. 

A spokesman for one appliance manu- 
facturer said the plan was not produc- 
ing enough of a sales increase to offset 
its cost. One disillusioned food chain 
felt that, although the plan may have 
improved business somewhat, the same 
amount of money spent on other promo- 
tions would have been more effective. 

It seems none of the principals - 
whether food chain, manufacturer, or 
participating dealer - realized much 
benefit from the merchandising brain- 
storm, but some may have been hurt 
by it. While the instigators seem eager 
to have everyone forget the whole thing. 
angry dealers are not likely to close the 
matter so quickly -especially those who 
have stopped handling the lines of par- 
ticipating manufacturers. The plans 
may persist on a short -term basis for 
a while, on a reduced scale, before they 
peter out entirely, but the backbone of 
the gimmick has been broken. For once, 
those involved in TV sales and service 
have not had to wage a major campaign. 
Common -sense economic laws did the 
job. 

Tube -Sales Dilemma Again 
Writing in "NATESA Scope," execu- 

tive director Frank J. Moch comes up 
with some sharp observations on the 
matter of tube sales through non -elec- 
tronic outlets. His analysis goes into 
two major questions: "To what extent 

M cRo 
ELECTRON TUBE 

FABULOUS LOW PRICES! 

LARGE SELECT STOCKS! 

DEPENDABLE, FAST SERVICE! 

_ A 

Each and every tube IS tested In Our 
own laboratory for mutual 

na life test. 
We guarantee FREE replacement for 
one year 01 any tube purchased from 

unwhich 
fails to function efficiently 

der any or all operating Bondi. 
dons. Prompt refunds are made on 
any defective Merchandise. 

ly new,,ehut may 
be el ctrically 

neces- 
sarily 

factory seconds or used 
tubes -each Is Clearly So marked. 
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MICRO ELECTRON TUBE CO. 

P.O. Box 55 Park Station, Paterson 3, N. 1. 

GET 

INTO ELECTRONICS 

111 

V.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. 
ll'ritc for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 
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www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


has the service dealer actually been hurt 
by this phenomenon ?" and "What can 
be done to correct the damage ?" 

On the first point. he begins with 
available figures and estimates and tries 
to determine how much the average 
shop has lost. About $25 million in tube 
sales are being handled annually by do- 
it- yourself tester operations in food. 
drug, liquor, and supermarket stores. 
He estimates at least as much is being 
handled by wholesale -to- everyone out- 
lets and several million more by fringe 
"TV service" operations that are funda- 
mentally tube test- and -sales plans, 
either in shops or on a home -call basis. 
All in all. he feels, this means about $60 
million per year in tube sales that are 
not going to the legitimate service in- 
dustry. Broken down. even the small. 
one -man shop would be losing a few 
thousand dollars in annual gross and a 
couple of thousand or more in net in- 
come. This startling statistic could 
mean the difference between success 
and failure to many dealers, and must 
certainly constitute a great difference 
in the profit picture to all. 

As to the second question, Moch eval- 
uates the frequently argued matter of 
tube mark -ups. If service dealers re- 
duce their presently high profit margins 
on tubes, it is often stated, the drug 
stores will not be able to compete eco- 
nomically. On the other hand, it is 
argued that such a reduction will enable 
the service dealer to sell more tubes 
without making more profit. Still 
worse. the dealer will be further vic- 
timized by his historical blunder -that 
of failing to charge enough for his labor, 
relying on the profits from tubes (and 
other parts) to make up the difference. 

Moch acknowledges that there is 
something wrong, in theory, when 
dealers "have been subsidizing their 
ridiculous labor fees" with profit on 
sales. But he also knows that, in prac- 
tice. an instantaneous change in policy 
is simply unworkable. He therefore 
suggests a new concept : dual pricing 
of tubes. The present list prices could 
be maintained for tubes sold in the nor- 
mal course of rendering service, where 
the dealer is involved in such responsi- 
bilities as fault -finding, installation, and 
warranties. A second price schedule 
could be in force for direct, over -the- 
counter sales to the consumer, with no 
service rendered and no responsibility 
for exchange or warranty involved. 

The consumer, of course, will balk at 
the higher price when he knows a lower 
one exists. Yet he also knows that, when 
it comes to auto repair, home repair, or 
any similar field, he pays one price for 
material if he undertakes the work him- 
self but a higher price, in addition to 
labor, if he calls in a service contractor 
or repairman. Most important, Moch 
points out, this concept can only be put 
over if it is attempted on a national 
scale with the solid support that will be 
needed from tube manufacturers and 
suppliers in establishing the dual price 
list and educating the public. After this 
is done, the continuing job of getting 
labor fees up to where they should be 
will become that much easier. 

L. 

new 

Sonotone 

Cartridge 
6 -Paks 
make it 
easy to 

STOCK 

SAVE 

SERVICE 

SELL 

---- -1 

SONOTONE 

STOCK -Hang it on the wall, stand it on a shelf, slip it into 
your caddy. Cartridge model number is always visible for 
quick identification. 
SAVE -Save money on purchase of any 6 SONOTONE car- 
tridges -save time by always having the right replacements. 
SERVICE -You always have the right replacement to service 
virtually every record player on the market. 
SELL -In your shop, an eye -compelling display (unique bon- 
net fits over 6 -Pak to remind your walk -in customers to 
modernize their record players). In your caddy -a variety of 
cartridges for nearly every replacement. 
Every time you buy 6 SONOTONE cartridges from your dis- 
tributor, they come in the new attractive 6 -Pak cartridge 
sleeve. You can select any 6 SONOTONE cartridges, or one of 
three pre- selected 6 -Paks which include the most needed car- 
tridges for the most often faced replacement situations. 

STEREO 6-PAK--covers nearly every stereo replacement or 
conversion. Six stereo cartridges from the audiophile's favor- 
ite, the 9T, to the budget -priced stereo crystal cartridge, the 
12T. Consists of models : 9T, 8T -A, 16T, 18T, 10T and 12T. 

STEREO /MONO 6- PAK- covers most stereo or mono replace- 
ment needs. Consists of 3 stereo ceramics models 8T -A, 9T, 
16T ; and 3 mono ceramics : 1P, 2T, 3T. 

MONOPHONIC 6- PAK- covers virtually all most called for 
monophonic replacements. "LB" denotes "less bracket" for slim 
tonearms. Consists of ; 1P, two 2T's, 2T -LB, 3T and 3T -LB. 

The 6 -Pak is just another way that SONOTONE simplifies 
your inventory and makes it easier to sell cartridges. Order 
a SONOTONE 6 -Pak today at your parts distributor. 
FREE: The new SONOTONE cartridge cross -reference chart cata- 
log is available at your distributor, or write: Dept. EW5. 
SONOTONE © CORPORATION ELMSFORD. NEW YORK 

ELECTRONIC APPLICATIONS DIVISION In Canada: Atlas Radio Corp., Ltd. Toronto 

Cartridges Speakers Tape Heads Mikes Electronic Tubes Batteries Hearing Aidi 
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to guide 
to a 
successful future 
in 

ELECTRONICS 
RADIO -TV 
COMPUTERS 
ELECTRICAL 
ENGINEERING 

you 

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 RESEA RCH 
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 ENGINEERIN 
Dept. EW -562, 1025 N. Milwaukee St. 

Milwaukee, Wisconsin Ms 713 
Please send FREE "Your Career" booklet 
I'm interested in Electronics Radio -TV 

Computers Electrical Engineering 
Mechanical Engineering 

(PLEASE PRINT) 

Name... .........................__.... ..._....._..... ----...._....Age 

Address 

City _........ _... .'Lone State 
I'm eligible for veterans education benefits. 

Discharge date .. _. 
L 
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®EZECA®mm® 0© 
CALENDAR-1111 
of EVENTS A 

APRIL 25 -29 
Western Space Age Industries and Engineering 
Exposition d Conference. Cow Palace, Son Fran- 
cisco. Information from Lykke -Wilkins & Assoc., 
681 Market St., San Francisco 5, Calif. 

APRIL 29 -MAY 4 
91st Convention SMPTE. Sponsored by Society of 
Motion Picture and Television Engineers. "Ad- 
vances in Color Motion Pictures and Color Tele- 
vision." Ambassador Hotel, Los Angeles. Details 
from SMPTE at 55 W. 42nd St., New York 36, N.Y. 

MAY 1 -3 
Ninth Annual Cleveland Electronics Conference. 
Sponsored by IRE, AIEE, ISA, Case Institute of 
Technology, Western Reserve University, Cleve- 
land Physics Society. Engineering d Scientific 
Center, Cleveland, Ohio. Program details from 
Lapine Enterprises, 310 Hotel Manger, Cleveland 
14, Ohio. 

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, Sympa. 
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 14 -16 
Fourteenth Annual National Aerospace Electronics 
Conference. Sponsored by Dayton Section of IRE 

and PGANE. Dayton Biltmore Hotel and Memorial 
Hall, Dayton, Ohio. Details from IRE, I E. 79th 
St., New York 21, N.Y. 

MAY 15 -17 
Fourth Annual Meeting of Council on Medical TV 
d Medical -Dental TV Workshop. Sponsored by 

26 

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 & Techniques Sym- 
posium. Sponsored by PGMITT of IRE. Boulder 
Laboratories of National Bureau of Standards, 
Boulder, Colorado. 

MAY 23 -25 
11th National Telemetering Conference. Spon- 
sored by ISA, ARS, IAS, AIEE, IRE. Sheraton -Park 
Hotel, Washington, D.C. 

MAY 24 -26 
Seventh Region Conference. Sponsored by the 
Seattle Section of IRE. "Space Communications." 
Seattle, Washington. Program information from 
IRE, 1 E. 79th St., New York 21, N.Y. 

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. Jay 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 

INVITATION 
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- 

TO AUTHORS 
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 oll manuscripts or your letters 

of suggestion to the Editor, ELECTRONICS 

WORLD, One Park Avenue, New York City 
16, New York. 

ELECTRONICS WORLD 
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THE MOST COMPLETE LINE OF QUALITY TAPE RECORDING EQUIPMENT IN THE WORLD 

SONY Stereo Tape Deck 262 -D -4 & 2 track stereo recording 
and playback tape transport to add tape to your existing hi fi 
system. $89.50. (Also available, not pictured, the new SRA -2 

stereo recording amplifier for the 262 D. 
$89.50.) SONY Sterecorder 777- -All 
transistorized professional stereo recorder 
featuring exclusive Sony Electro Bi- 
Lateral 4 & 2 track playback head. 
\Vorld's finest tape recorder. $595.. SONY tm J 464 D 

Sterecorder 300 -A complete professional. 
quality hi fi stereo tape system with 4 & 2 
track recording and playback in one por- 
table unit. $399.50. SONY' Portable 101 

-2 speed, dual- track, hi- fidelity recorder 
with 7" reel capacity. $99.50. SONY Stere 
corder 464 -D -Dual performance 4 track stereo tape deck with Newscaster Portable EM.1 -A professional on -the -spot battery 
built -in recording & playback pre -amps for custom installations powered portable recorder with precision spring wind con - 
and portable use. $199.50. SONY Wireless Microphone CR -4 scant speed motor. $495. All Sany Stetveorders are Multiplex ready! 

For additional literature and name of nearest franchised dealer write Supertrope, Inc.. Dept. M Sun Valley, California 

-Pocket size mike and transmitter providing complete free- 
dom from entangling microphone cables. $250. SONY Con- 
denser Microphone C37 A- For purity of sound reproduction, 

the unqualified choice of professional stu- 

(262D 

EM 1 r 
dios throughout the world. $295. SONY 
Sound on Sound Recorder 262 SL -The 
perfect recorder for language, music and 
drama stridents. With 4 track stereo play- 
back. 5199.50. SONY Tapecorder 111-A 
popularly priced, high quality bantam re- 
corder for everyday family fun. $79.50. 

SONY Condenser Microphone C.17 B- 
Miniature size (3% "x s /s" diameter) and 
exceptional background isolation unidi- 
rectional cardioid pattern. $350. SONY 

SUPERSCOPE 

May, 1962 

The Tapaway to Stem 
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DIGITAL 
COUNTERS and 

COMPUTERS 
... an easily understood guide 

to theory, design and application 
including the interpretation 

and use of their output 
Invaluable for technicians, students. and ex- 

perimenters alike, this new, fully- illustrated 
248 -page book explains the "mysteries" of mod- 
ern computer technology in clear, easily under- 
stood terms. 

Actually. the complexity of computers is not 
because of any highly involved circuitry. but 
largely because so many circuits are needed to 
perform the necessary functions. Once a rela- 
tively few circuit configurations have become 
clear, you will have gone far toward under- 
standing digital circuits, theory and operation 
in general! Written by an acknowledged expert, 
Ed Bukstein. Instructor in Advanced Electron- 
ics. Northwestern Television and Electronics In- 
stitute, the book contains much material never 
before published in book form 

HERE ARE FULL DETAILS ON .. . 

Number systems - Binary counters - 
Readout indicators and special counter 
tubes - Decade counters - Storage de- 
vices - Computer control - Logic circuits 
- Input- output devices - Computer ap- 
plications ... and related subjects, 

DIGITAL COUNTERS and COMPUTERS ap- 
proaches computer technology first from the 
subject of electronic circuitry. Included are re- 
markably clear explanations of the basic "flip - 
flop," logic and switching circuits. Once these 
features have been thoroughly clarified, the 
book then explains the number theories and 
counting systems by which computers perform 
their work. 

Subsequent chapters deal with the "readout" 
devices which Translate a computer's results 
into usable form. memory equipment and all 
the other technical details so puzzling to those 
who have not made a particular study of com- 
puter development. A special section deals with 
the frequently discussed topic of digital- to -an- 
alog and analog -to- digital conversion. 

WM 

623900 
Dept. RN -52 
HOLT, RINEHART and WINSTON 
P.O. Box 2334, Grand Centrol Station 
New York 17, New York 

Send Ed Bukstein's 248.page DIGITAL COUNT- 
ERS and COMPUTERS book 1708131) for 10-cloy Free 
Examination. In 10 doys, I will either rend you 
$8.75 lulus postage) in full payment or return book 
postpaid and owe you nothing. 
SAVE! Send $8.75 with order and we pay postage. 
Same 10.doy return privilege with money refunded. 

Name 

Address_ 

City, Zone, Slate_ - 

OUTSIDE U.S.A. -Price $9.25 rash with order. 
10.day return privilege with money refunded. 

O`fer expires Dec. 31 

d 

Dynamic Transistor Bridge 
(ContinlnC(1 front page 531 

completes the calibration procedure. 

Using the Tester 

Through the front -panel jacks, con- 
nect an appropriate indicator as the 
null detector. Set R. to the desired test 
current and switch S, to the n -p -n or 
p-n-p position to match the transistor. 
S, is set to whichever test is desired. The 
transistor is then inserted in the test 
socket and R,, is simply varied until 
a null is obtained. The value of h,. may 

T0 R22 4 

RI4 s R15 

t 
R13 

RIO 

RIO 

R8 

TO 

V4 

TO SI 
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R5 R, 
'VI O. ' 

-74t.411° ac. 

R6 
R7 
R4 

GND 

C1= 
JOB y,TYpe 

! R2 

Fig. 7. Circuits for developing test 
signal are on this polystyrene board. 

now be read directly from the scale for 
The value of h . in ohms is obtained 

by multiplying the scale reading by 100. 
Since the maximum current to which 

any transistor can be subjected is 4 ma. 
and the maximum lest potentials are 
low, it is virtually impossible to damage 
it transistor at any setting of any con- 
trol. Conversely. the tester itself will 
not he damaged by any test transistor, 
good or bad, of by any other passive 
connection made to it. 

The unit was primarily devised for 
testing small -signal transistors. How- 

ever. power transistors can be checked 
fairly well, especially for bet «. The 4 
ma. of current is enough to bring a 
power transistor, for the most part, into 
its operating region. 

If a transistor gives no null at all or 
fails to give a sharp null. the indication 
is that it is defective. However further 
checking. particularly for leakage cur- 
rent, is advisable. Absence of a sharp 
null may simply be an indication of ex- 
treme non -linearity. 

\Vhile the instrument is very satis- 
factory as a transistor tester. its pri- 
mary use by the author is to assist in 
designing transistor circuits. For those 
who will want to use it in like manner, 

ti 

MOUNTING BRACKET 

Fig. 8. A second board carries compo- 
nents for the null- detector amplifier. 

the readings can be converter) 10 pro- 
vide other characteristics the user 
might want to know in various applica- 
tions. Approximate grounded -emitter 
input impedance. Z,.. is h.. -- h,.R., 
where R. is the unbypassed portion of 
any emitter resistance. Approximate 
grounded -collector input impedance. 
Z.,. is h . . where R, is the load 
resistance. Approximate grounded -col- 
lector output impedance. Z.... is t h . Z. ) 

where Z. is the sour'c'e impedance. 
Approximate grounded -lease input inT- 
pedance, Z,,.. is simply h . /ll,., 

Fig. 9. Rear view shows two boards in place and wiring to components on front panel. 
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Golden Anniversary 

of Ham Licensing 

to Honor Old Timers 

MATEUR radio operators who were 
first licensed in 1912 and who are 

still active today will be honored at a 
Golden Anniversary Banquet to be held 
in New York City on October 13, 1962 
to celebrate 50 years of ham radio. 

Fifty years ago Congress adopted the 
Radio Act of 1912, bringing order to the 
then -new but rapidly expanding art and 
science of wireless or radio communi- 
cation. As one of its features, the Act 
required for the first time that amateur 
radio operators obtain a license from 
the Department of Commerce and La- 
bor after passing an examination. The 
Secretary of Commerce and Labor at 
that time was Mr. Charles Nagel, who 
signed the first licenses. 

The celebration of the Golden Anni- 
versary of Amateur Radio Licensing is 
being handled by a special Committee 
comprising representatives of a number 
of sponsoring societies including the 
American Radio Relay League. Armed 
Forces Communications and Electronics 
Association, the IRE, Quarter Century 
Wireless Association. Radio Club of 
America. Hudson Amateur Radio Coun- 
cil, and the Single Sideband Amateur 
Radio Association. 

Officers of the sponsoring committee 
include John DiBlasi, chairman, who is 
also president of the Quarter Century 
Wireless Association; John Huntoon, 
vice -chairman and general manager of 
the ARRL; and David Talley, secretary - 
treasurer, who is a member of all of the 
sponsoring societies. 

A search is now in progress to locate 
those who obtained their ham "tickets" 
during the initial months of licensing 
in 1912 and are currently licensed by 
the FCC as amateur radio operators. 
Old -time hams who meet the require- 
ments of the award should send docu- 
mentary proof of eligibility to the 
ARRL, West Hartford, Conn., attention 
John Huntoon, before August 15th. 

The award will be presented in per- 
son to those able to attend the Golden 
Anniversary Banquet which will be held 
in conjunction with the Hudson Division 
Convention of the ARRL at the Statler- 
Hilton Hotel, New York City, on Octo- 
ber 13, 1962. 

According to the Committee, in cases 
where the original 1912 license has been 
lost or destroyed, the listing of the 
ham's name and amateur station call 
letters in the July 1. 1913 edition of the 
government callbook, "Radio Stations 
of the United States," may be consid- 
ered as satisfactory proof. 

May, 1962 

(unbiased) 

this Fisher Multiplex Adapter works with any brand of FM equipment 

Now everyone can enjoy FM Stereo with the only 
truly universal (and, you might say, impartial, 
Multiplex Adopter. Only the Fisher MPX -I00 will 
convert to FM Stereo Multiplex operation any FM 

tuner or receiver ever made, regardless of age, 
brand or model. 

What's more, the Fisher Universal MPX -100 recog- 
nizes FM Stereo Multiplex programs automatically 
with its 'electronic brain,' the exclusive Fisher Stereo 
Beacon. Whenever the FM station you have selected 
is broadcasting in stereo, the Stereo Beacon lights 
a signal and switches the equipment automatically 
from regular to stereo operation. This ingenious 
Fisher invention makes Multiplex a pleasure, not o 

problem. Price, less cabinet, $119.50 *. 

FREE! Write for 1962 Fsher Hand 
book -a 40-page illustrated guide 
and component catalogue for cus 
tom stereo installations. 

Fisher Radio Corporation 
21 -38 44th Drive 
Long Island City, N.Y. 

Pleose send free 40 -page Handbook, with 
complete specifications on the MPX -100. 

Name 

Address 

City 

L 

Zone State 
E W 506 

sa.-- -r w.m.r t 71, /AP .r- 

,\\ \\,» \\ \\ S4Og4V 
GUARANTEE 

of receiving Set.. \tudel SA is uncunditiun:Jly 
xusru,- 

uvd w he up -tu -date for the testing 

tyle tithes Adaptor kits or set .up data will he 

furnished without cost t u keep your tester cur - 

trot for one year from date of purchase. 

bbbfibbbbbbbti5 tibtitibbbbtititiibbbbb 

New Settt .Itttiel 88 Tube l'ester is guaranteed against obsolescence. 
Gives you patented Seen GRID CIRCUIT, also CATHODE EMISSION 
tests - tests over 2.200 tube types including Nuvistors. Novars. ('ompac- 
trons, new 10 -pin types and battery types. You also get: 

A check for troublesome grid emis- 
sion and all common leakage and 
short faults in one operation. READ 
ON METER. 

A cathode emission test in special 
low impedance circuit. 

Few controls - simple operotion - 
compact, lightweight size. 

Convenient fast -find setup informa- 
tion in cover. 

A burnout -proof meter employing a A check for filament continuity 
VTVM amplifying circuit. and open elements. 

For full information write or send coupon below to Seco. originator of 
the famous Grid Circuit Test. 

SECO ELECTRONICS, INC. 
50:37 Penn Ave. Ss., Minneapolis 10, Minn. 
,'lease send free Model 88 Information "How to fast Tubs" 

NAME_ 

ADDRESS 

CITY _- STATE 
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ELECTRONIC MARKET 
1 YEAR 

GUARANTEED 
RADIO - TV TUBES 

q 
net ...... Me Il mat 

' Inn GF tasMewl, wvue [ItCIOMIC MONT 
le . e 

dl ollem 1At( my NM 1b1 meaeac eelnll.e .e 

I Teer Item NM el ,V.esafe e c menNNly Ivard nea. 

martel ,er1M I lrO,/ Oeh - iMmalet Wre .e Sleet. 

n14 4V1 41561 KIN 
65.1 I11B 

14767 SÁ74 ,DI/ 
I5I62 8611 6UÁ6 (CMI ISIS 

12117 

I SSir 
S I NCS ICI, 0L' 120( 

ISS 411 ISSU 

114 SUS 6506 NU 
ISIS 

101 SUN litt KS, 6115 
INT 1717 

pp Seel 61rá 6151 

112 SU5 AMSK ICUs 414 120E 

7511 ITS 
SIl6 LOS` 41X1 'SSS 

SCSI ITS 17SÁ1 

2C15 EMM EMS 6071 III Inn 
3115 4111417 ¡MO 456141 6166 

SOSS 4116 61l16r 6166 
IM1S 17SM76T 

MS26 415 6511 611 
MAIS 12501 

4N 66Óióí 615 12111 
1721101 

1116 401 ISil6 
ES 4O NISI Ill 
MO 415 NISI 41ít 

12181 1!10461 
SASS 17751 MSS 

1211461 111tÚ 
4151 477 177E [SIC 

1116 

111 SAUNT NIA/ 6101 Illil 
í55U1 IIN 

SAMS SAINT 6C4 LSIS 
INA, ISIS 

5.111 401 SCSI ISIS 

SITS 41X1 
KING 41111 12116 1105 

SÁ11 LAN 
47461 6146 ISIS 171/6 1514 

ORDER SNIPPED SAME DAY RECEIVED 

SNIPPING INSTRUCTIONS: ELECTRONIC MURET 
PAYS TOUR POSTAGE n errs o Gil or more in 
USA and TerMrta. Seel app ,.a `e on Cana 

meand 
..,.:en veer. Any order Ile can 5,0 ttrr. TIC Renalme are wtlait char.. 

lean 
2SÁ 

ON Coo.. 
ANT RECEIVER TUBE NOT LISTED ALSO AVAILABLE 
AT 340 EACH! 

25 
QUANTITY 
DISCOUNT 

When purchasing lots of 
50 or more same type tube 

per tube Applies to tubes below only 

6s, 
464 
6171 
6161 
6SÚ1 

ILI 

Its 
61 
í1AU1 
ISST, 

ISAIT 
40S 

EC61 
861 
u,s 

I SCSI 
Iiu1 
Inn ", 
111T1 
jus 

616 
ENI 
41 
MCI 
ówI 

SOCS 

MIN 
4M1 
LAIS 

LACS 

747 

SILICON RECTIFIERS 
500 MA 'TOP NAT' 

EACH 
ALL PURPOSE D 490 

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 15331 
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Teaching lab Maintenance 
(Continued from page 48) 

cabling and audio cabling in separate 
conduits. Applicable codes require care 
in cabling and classroom codes are gen- 
erally rigid. To avoid ground loops and 
trouble due to differences in potential 
among various available grounding 
points, shielding should be grounded at 
one point only, preferably at the con- 
trol- console amplifier grounding point. 

Unshielded bias lines to tape recorder 
heads (especially high -impedance 
heads ) can cause beat notes in adjacent 
units. Tape -recorder heads are suscepti- 
ble to a.c. fields generated by amplifier 
power transformers. Poor placement of 
amplifiers containing power transform- 
ers or replacement of defective trans- 
formers with inferior units can cause 
hum by induction in tape heads. Instal- 
lation of a.c. power wiring subsequent 
to laboratory installation by persons 
unfamiliar with location of audio ca- 
bling can also cause hum troubles. 

Interchannel interference and cross- 
talk on dual- channel equipment can he 
either electrically or mechanically 
caused. Aging of electrolytic capacitors 
in power supplies common to two or 
more amplifiers raises the power -sup- 
ply output impedance and frequently 
causes trouble. Check head alignment 
and pressure -pad adjustments in stub- 
born cases. 

The master console will ordinarily 
require maintenance on tape players, 
tape recorder- players, and program and 
intercom switching equipment. The con- 
trol console may also contain annunci- 
ators and associated holding relays. 
Special program sources such as record 
players and radio tuners may be incor- 
porated. Some installations include a 
separate room equipped for making 
master tapes. 

The proper maintenance of electronic 
teaching laboratories will do much to 
increase the effectiveness of these in- 
stallations and will encourage the fur- 
ther use of electronics in teaching. This 
maintenance may best be accomplished 
during the summer season when classes 
are not in session, and may be used by 
a capable and enterprising sound man 
to bolster a "slack" season. Equipment 
manufacturers are usually very willing 
to cooperate with local independents to 
assure satisfactory maintenance and 
operation of their installations. A tech- 
nician interested in doing this type of 
work should contact the manufacturer 
of the equipment installed in a local 
laboratory and offer his services. The 
manufacturer may see the advantages 
in using local personnel and test equip- 
ment in carrying out any service con - 
tracts he has assumed. In any event, a 
school may prefer local service con- 
tracts after the expiration of the manu- 
facturer's service contract. 

This relatively recent adaptation of 
sound equipment to supply a tool which 
increases teaching effectiveness pro- 
vides new opportunities for the serious 
technician in our rapidly expanding 
electronic industry. 

BIGSAVINGS 

FOR YOU!!! 
In FAIR'S New 

Gov't. Surplus Bargains 

Spring- Summer 

FREE 
CATALOG 

HUNDREDS and HUNDREDS 
of Today's "BEST BUYS" 

Fill Out and Mail Handy Coupon Now for 
Your FREE Copy of CATALOG! Dept. EW 

FAIR RIDIO SALES 
2133 ELIDA RD. Box U05 LIMA, OHIO 

DEPT. EW 62 -5 
Please send copy of FREE Catalog to: 

NAME 

ADDRESS 

CITY STATE: _ 

ENGINEERING \ DEGREE IN 

SCIENCE 127 or 36 MOS. 
MATH _ail álbw v s t,00 A - 

B.S. degree - 311 mos. B.E. degree - 27 m 
Aecelarated 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. pecial engineering degree program 
in 27. Clams* slam - June, July, September. Jana- 
my. March. Quality education. Graduates employed 
from coast to coast. Government approved for vet- 
eran training. Students from 50 states, 90 countries. 
20 buildings: dorms. gym. Campus. Save time and 
money. Earn board while studying. Write for catalog 
and complete information. 

952 E. Washington Blvd., Fort Wayne 2, Indiana 

MAIL ORDER HI -FI 
Recorders Component-. Tapes 

at wholesale prices 
Reliable. Prompt Delivery 

(Free Catalogue) 
We11 Air -Mill 

low quotes your aaCkanea M1 

UICARETON ttd7ae 
125 -TD E. SS St. Hew York 28, N.Y. 

Es' r ne', gu uuy i.ur Audum'> 
"Down to Earth" Iii -Fi Values. 

Write for free catalog. 

p 25 E. OXFORD ROAD 

Il MASSAPEQUA, L.I., N. Y. 
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FCC WARNS ON 

HOME BROADCASTING 

Unlicensed operation is 

allowed only under strict 
curbs to avoid interference. 

THE Federal Communications Com- 
mission receives many letters from 

inexperienced radio- enthusiasts inquir- 
ing about the use of a purchased kit or 
home -assembled equipment to "broad- 
cast" voice and phonograph records to 
the immediate neighborhood without an 
FCC license. 

The Commission's rules do permit 
what are called "low-power communica- 
tion devices" to be operated without a 
license in the AM broadcast and certain 
other bands, but under strict curbs to 
prevent interference to licensed radio 
services. These rules were established 
to enable individuals, for their personal 
convenience primarily, to use wireless 
telephones, phonograph oscillators, elec- 
tronic "baby sitters," home communica- 
tion systems. and to control garage -door 
openers, model airplanes. etc., provided 
the operation is extremely limited. 
These rules were not intended to cover 
"pee -wee" broadcasting. 

FCC field engineers are having 
mounting difficulty with objectionable 
interference caused by "home broadcast 
stations," frequently operated by chil- 
dren. There is increasing evidence that 
such activities cannot be pursued in the 
AM broadcast band without causing 
trouble. 

Many are not aware that certification 
by the manufacturer or a licensed com- 
mercial radio operator is required be- 
fore low -power communication devices 
can be used on the air. Consequently 
sale by some mail -order and retail 
stores of uncertified equipment can get 
an unsuspecting buyer in trouble and 
result in closing his operation. The FCC 
is continuing to seek the cooperation of 
makers, sellers, and users to see that 
such apparatus is certified as meeting 
the technical requirements, thus pre- 
venting interference before it starts. 

In order to be certified, low -power 
communication devices must have less 
radiated field strength than 24 ay./ 
meter in the middle of the AM broad- 
cast band. In lieu of this requirement, 
the device must have a power input to 
the final r.f. stage of 100 mw. or less: 
must have less than 20 db harmonic 
or subharmonic output; must have an 
antenna and transmission -line length of 
10 feet or less; and must have 200 pV. 
or less of r.f. on the power line con- 
nected to the unit. 

Anyone interested in obtaining prac- 
tical radio experience is urged to qualify 
for either the Amateur or Citizens 
Radio services. There are no age limits 
on the former, and the six classes of 
licenses cover the entire gamut of in- 
terest from novice to advanced -class 
operators. 

May, 1962 

Personal two -way radio 
is serious business. Wherever 

you plan to use it, your only 

important measures of performance 

are ruggedness, reliability 

and range. This was our target 
in designing the CB -4. 

No gadgets, no gingerbread. 
Just an extremely dependable 27 Mc. 

portable communications system. 

S 

Power input: 100 MW Receiver 
sensitivity: 1 rit n m Ptu0 - 

ystals and transistors for esy 
channel changeover and service 
Shatter- proof. vinyl -clad aluminum 
cabinet Fully transistorised Mer 
cary typa battery (not included). 

ho FCC, .r. u 

the new ideas 
in communications 

are born at ... 

1iaffi crafiers 
(flago 24 iii 

Dealers: A limited number of Authorized Malhcratters Dealerships are available in some territories. Sea 
your Mal rafters distributor, renresentalne. or write to: The Mallieraften Co., 4401 W. Filth Ave.. Chicago 24. III. 

Full Color Giant Fold -Out 
Charts Still Available! 

Here's a complete series of colorful, authoritative fold -out wall- charts 
(originally appearing in the pages of ELECTRONICS WORLD) - 
yours for only 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 frcyuenev. Complete coil -winding data. capacitor 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 Circle Chart: For Hams and short -wave listeners - 
gisas complete listing and map of amateur prefixes by calls and countries. 

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 378. Church Street Station New York 8, New York 
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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 lore 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 VR -1000, General Electric 
Co., Audio Products Dept., Decatur, Ill. 

P3ogness Is Our Most Impo.aane Product' 

GENERAL ELECTRIC 

CHECK THAT 
GRID BIAS 
By CHARLES B. RANDALL 

V RCA KCS 92 chassis with the 
complaint of fading sound was 

propped before me on the bench. As the 
set had recently been in another shop 
for the same defect, I was warned to 
be extra thorough in my troubleshoot- 
ing. The 6AS5 audio output tube had 
been changed recently and the 470 -ohm 
"B +" feed resistor. RI, although now 
burned in half. was a replacement. 

After putting in a new resistcr and 
tube. the circuit was traced to discover 
what had caused the burnout. The 
15.000 -ohm cathode load resistor (R,) 
in the 142 -volt "B+" supply was dis- 
colored and when measured read less 
than 1000 ohms. Thinking this damaged 
resistor had been overlooked in the last 
repair and was the cause of the prema- 
ture failure of the circuit. I turned the 
set on. The video and sound came on 
apparently normal. 

However. it has become a habit of 
mine to always check the grid bias in 
any circuit that I've worked on in which 
there is a power output tube, i.e., verti- 
cal. horizontal, video, and audio output 
stages. In this case I was glad I did. 
The voltage on the grid of the 6AS5 was 
141 volts (or measuring from the 
cathode -1 volt) which was much too 
low a bias for this tube. The .0027 -µf. 
coupling capacitor (C,) was checked but 
showed no leakage -a puzzler. 

Checking the schematic I discovered 
a rather unusual biasing circuit. An 
820,000 -ohm resistor feeds from the 252 
volt "B-r-" into the grid where the volt- 
age is divided to 135 by the 1- megohm 
grid load resistor to ground. This gives 
a bias of --7 volts on the grid with re- 
spect to the cathode. The 820,000 -ohm 
resistor R. checked right on the nose 
but the 1- megohm resistor (R:.) had al- 
most doubled in value. 

Replacing this resistor with a 5', unit 
returned the bias to normal. The incor- 
rect bias caused the 6AS5 to overcon- 
duct, eventually driving the grid posi- 
tive and causing a virtual short from 
plate to cathode, burning the two re- 
sistors I had replaced earlier. 
TO AUDIO AUDIO OUT 
AMP 64V6 6AS5 
1 

Cl 

.0027 

FM 

2 -WAY 
MOBILE 

RADIOS 

SAMPLE OFFERING: 12V 30W or OOW mobile units. Reconditioned i:eneral Electric ty pe Mt' serle... Formerly used by N.J. State Pollee ami s nlred 
by N.J. Bell Telephone. Can be tunal and ery'stallen to frequencies within no.SnM(' hand. 
Complete with 

11 30W .. $ OS ea. 
antennarand1crystals 1 00W .5100 ea. 
Complete with accessories including antenna. talc. muy narro., handed and tuned t your ' fria. 

90W...5108 ea. 60W... $208 ea. 
qc...em:::>iêU:z'S'`:.8ï:ii;3;:Ä.;::#:<:'>.`v:'+'7'':::::::.. i:;. ̀ ::;:::::i;: 

'OFM 2-WAY RADIO MOBILE TRANSMITTERS 
%mta.",':asnivarmeamm£te,,wmg:E«z'<z< 

GENERAL ELECTRIC! 
4 T5 
0V 30W 41.SOSIC $18 
12V 30W 40.SOMC $20 
4 tTO 
12V 011W 40.50MC $25 

Less Accessories 
Prices are FOB our 

w 
arehouse and all equipment 

subject to prior sale. 
ALSO AVAI : Many reconditioned RCA, GE 
and Motorola units In :IO -SOMC. ISii.I TnM(' and 
450-471MC hands. Guaranteed prompt. efficient. 
courteous service. 

WANTED ... FOR CASH! 
Late model 2 -way radio equipment. 

State price, condition, quantity. 

GREGORY 
ELECTRONICS 
CORPORATION 

GE 
110 Route 46 Saddle Brook, N.J. 

Phone PR 3 -1550 
Write for now Catalog 

Now Available! EASY -TO- ASSEMBLE 

FAIRCHILD KITS 
FAIRCHILD 412 -1K Turntable Kit 

For the astute audiophile who dreams of owning 
only the finest ... this famous FAIRCHILD 912.1K 

Turntable Kit is exactly 
like the FAIRCHILD 

412, its assem- 
bled counter 

part, including 
t\ o locked -in synchronous 

331/3 speed, 8 Ib. turntable and 
exclusive FAIRCHILD Double -Belt Drive. With 
mounting board. KIT $74.95; Assembled ;95.00 

FAIRCHILD COMPANDEP Model 510K 
Dynamic Realism in kit form! Acclaimed by audio 
experts, the FAIRCHILD COMPANDER restores to 

playback the 
dynamic realism 

s that is necessar- 
ily controlled in 

recording or broadcast. Can also 
be used as a compressor for background music. 

KIT $59.95; Assembled $75.00 

FAIRCHILD 440 -2K Turntable Kit 
A single -belt drive, two- speed, 331/2 and 45 rpm. 
turntable; characteristics similar to the famous 
FAIRCHILD 412. Kit includes fast speed change, 
the FAIRCHILD Speed Sentinel, low low rumble 
and almost immeasurable wow and flutter. With 
mounting board. KIT $58.00; Assembled ;69.95 
All these FAIRCHILD KITS are available at your 
audio dealer. Write for complete details. 

FAIRCHILD 
RECORDING EQUIPMENT CORPORATION 
10.40 45th Ave., Long Island City 1, N.Y. 
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AUDIO. OPERATED 

PANELESCENT LAMP 

DISPLAY 
By JOHN POTTER SHIELDS 

ONE OF the most interesting char- 
acteristics of the now quite inex- 

pensive electroluminescent lamps on the 
market is that the intensity and color 
of their emitted light is largely depend- 
ent upon the frequency of the applied 
voltage. Because of this, a unique and 
eye- catching display can be set up by 
connecting one or more of these lamps 
across the output of an audio amplifier. 

As shown in Fig. 1, an inexpensive 
Sylvania "plug -in" panelescent night 
light is connected to the high -impedance 
primary of an inexpensive audio output 
transformer; the secondary of which 
is connected to the amplifier speaker 
terminals. This transformer, which is 
necessary to step up the low audio sig- 
nal voltage present at the speaker ter- 
minals to a value sufficient to excite the 
lamp, may be any small "garden vari- 
ety" unit such as you might find in your 
junk box. Its primary impedance may 
be anywhere from 2500 to 10,000 ohms, 
and the secondary impedance between 
3.2 and 16 ohms. The presence of the 
lamp and transformer will have neg- 
ligible effect on the operation of the 
amplifier as the lamp draws but a few 
milliwatts. 

Fig. 2 shows a set -up which may be 
used with amplifiers employing a single - 
ended output stage. The panelescent 
lamp is simply connected in series with 
a .01 -pf., 600 -volt capacitor from the 
plate of the output tube to ground. 

More than one lamp may be connected 
to the amplifier if desired. Simply con- 
nect additional lamps in parallel with 
the first lamp 

OUTPUT 
TUBES 

Fig. 1. 

I I I 

OUTPUT 
TUBE 

Fig. 2. 

e 
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SPEAKER 

SPEAKER 

ELECTRO- 
LUMINESCENT 

LAMP 

OIPf.,600V. 

ELECTRO- 
LUMINESCENT 

LAMP 

RFOR "DOCTORS OF 

SERVICING" 

ana- t-Of 
e 4T f 

pROT 

THE PROFESSIONAL 
SERVICE MAN'S 

CLEANER 

cleans contacts 
CLEANER! 

Want total cleaning power that helps you do a 
better servicing operation 3 ways? Spray elec- 
trical contacts and switches with triple action 
Contact Shield. Cleans, lubricates, and safe- 
guards, like no other cleaner can! Gives lasting 
protection in seconds . . . thanks to Silicone 
base. Independent laboratory tests prove it! 
Technicians approve it! Write for handy guide- 
book to more efficient servicing ... Channel 
Master Corp., Ellenville, N.Y. 

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. 

C 1962 CMC 

Completely 

revised, 

expanded, 

enlarged... 
the Sixth 

Edition of 

Milton S. Kiver's 

TELEVISION SIMPLIFIED 

The only manual in the field to offer in as 
compact and easy -to- follow a presentation: 

theory and analysis of various stages of 
a television receiver television transmit- 
ting servicing receivers. 

New chapters, expanded discussions, latest 
advancements, newest techniques. Over 500 
illustrations. An indispensable aid to all who 
want to understand the basic principles of 
television and their most recent applica- 
tions. $7.50 

f- -- -FREE EXAMINATION COUPON-7 
I DD. 

ept. 
Van 

T -EW5 
Nostrand Company, Inc. 

! 120 Alexander Street, Princeton, N. J. 

I Please send me TELEVISION SIMPLIFIED for ten 
I days' free examination. I will remit $7.50 plus 

small delivery cost within ten days or return 
book and owe nothing, 

Name 

Address 

City Zone. .State 
SAVE! Remit with order and we pay delivery 

L -cost. Same return guarantee. 
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A 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. 

How's Your 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 VRY 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%). 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! 

1111 

105 -B FREQUENCY METER 

Reliable ... since 1938 ! 

r -- 
LAMPKIN LABORATORIES, INC. 
MFM Division, Bradenton, Florid a 

At no obligation to me, please 
I booklet and information on 
1 meters. 

INFORMATIVE 
BOOKLET ON TWO. 
WAY RADIO. IT 5 
FULL OF 
FACTS AND 
FIGURES 

latialea 

send free 
Lampkin 

LAMPKIN LABORATORIES, INC. 
BRADENTON 

FLORIDA 

Name 

Address 

City State J 

ßa w ur. rtoe w : Crysta S, 
BUY NOW AND SAVE ! ! 

OVERTONES: 10 to 30 Meg... Tol..005 %...$2.95 
AMATEUR 8 NOVICE Fundamental..101..005% 
HC -6 Herrn. Sealed 2.95 
HC-6 -6 Meters (5th Overtone) 4.25 
MARINE FREQ. HC -6 (Herm. Sealed) 

Tol. .005 °ó $3.75 

ALL MARINE FREQ. -FT -243, DC -34 Hold To1..005. $2.50 
POLICE, C.A.P.. CD, MARS. 701. .01% $2.00 

CITIZENS BAND -11 METERS -.005% TOL. 
26.965 to 27.225 MC. 3rd Over. Norm. Seal. or 

F7.243 $2.95 
13.4825 to 13.6125 MC. 2nd Harm. Hum. Sul. or 

FT.243 $2.95 
6741.25 to 6806.25 Ks. 4th Harm. FT -243 only $2.50 

SPECIAL! 
STOCK CRYSTALS 

FT -243 Holders 5700 KC to 

8700 NC in steps of 25 KC's 

SEND FOR FREE CATALOG 

DC34 Hold. 1690 KC to 4440 KC steps of 10 KC, ea. $1.19 

NOVICE BAND FT -243 Fund. ea. $ 

80 Met. 3701 -3748 -Steps of 1 KC. FT -243 49 
40 Met. 7150-7198-Steps of 1 KC. FT -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 

FT -243 -2 Meters (Steps of 1 KC) $1.49 
FT -243 -6 Meters (Steps of 1 KC) $1.49 
FT -243 -From 3000-4000 $1.49 
FT- 243 -From 1005.2999 (Steps of 5 KC) $2.50 
FT- 243 -.005% Tol. From 3000-8750 2.50 
FT-243-.01% Tol. From 3000.8750 $2.00 
FT -241 SSB Low Xtals 370 to 540 KC 

(Steps of 1.852 and 1.388) .$ .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) $ .96 
Include SC per crystal postage. ,U.S. only). Calif. add 
SP. Lin. No C.O.D. Prices sunirct to eng_ Ind. 2nd choice. 
Sub. ,n, y be neeess. rM n. Order $2.50 

"The House of Crystals" 

U. S. CRYSTALS, Inc. 
1342 S. La Brea Ave. Los Angeles 19, Cal. 
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Multitore Sales Corp. Port WaShinlytObliki 
For information, write Department ME 42 

NEON LAMP 

LEAKAGE TESTER 
Checks leakage resistance 
of capacitors and i.f.'s. 

By J. ALAN HASTINGS 

NEON lamps are ideal indicators for 
simple test equipment; their cost 

is low and their sensitivity is high. This 
leakage tester, though not particularly 
accurate, is simple, inexpensive, sensi- 
tive, and small enough to be built in a 
plastic hardware box. When it is con- 
nected to a capacitor, one flash of its 
neon lamp per second indicates a leak- 
age resistance of approximately 400 
megohms. 

In addition to its high sensitivity, it 
tests capacitors at a fairly high voltage 
-closer to that at which they actually 
operate. While a v.t.v.m. ohmmeter may 
have high sensitivity, the test voltage 
is low and tests made with it are not as 
conclusive. 

Another use for this tester is check- 
ing primary -to- secondary leakage in i.f. 
transformers. Grid ci.cuits in i.f. ampli- 
fiers usually have a high a.c. impedance. 
and the primary is at a high voltage. 
Therefore, a small amount of leakage 
can cause trouble. 

Operation 
The circuit uses a relaxation oscilla- 

tor the frequency of which is determined 
by capacitor C, and the external circuit 
resistance. The lower the resistance, the 
higher the frequency. Two flashes per 
second indicate 200 megohms; four 
flashes, 100 megohms: eight flashes, 50 
megohms, etc. The d.c. for the oscilla- 
tor is supplied by rectifier SR, and fil- 
tered by C,. R, and R_ limit the current 
through PL, and isolate the probes from 
the power so that contact with the 
probes will not give you an electrical 
shock. 

For greatest accuracy, the component 
being tested must not have any shunt- 
ing resistances. If a component is in a 
circuit, disconnect one end of it. Always 
connect probe 1 to the free end of the 
component otherwise leakage to ground 
may give a falsely high indication of 
leakage. 

Cl filters rectified d.c. R, and R. isolate 
probes from a.c. to minimize shock. 

n7V.A C 

R2 C2 I 

100K 
t==, 

CI.lyf. 

5Ri 
NE -2 

LOOK 
PLI 

PROBE 2 

RI 

R,,R- 100.000 ohm.. tr. res. 
C, -.1 of.. 100 r. capacitor 
C. --.O, at.. 1000 r. rapariror 
SR,- Silicon, selenium, or germanium rectifier 

with pi.o. ,greater than ZOO colts. 
PL. NE -2 neon lamp 
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A new day is dawning in electronics. T - stors are here to 
stay... they are now being used everywhere; in radio, television, Hi -Fi, 
intercoms, and in nearly all new electronic equipment.. . 

Why put off transistor circuit servicing any longer... 
there's gold in them thar hills. But you must be 
equipped to do the job fast and efficiently. Here are 
the tools that you will need. 

NEW SENCORE TRANSI - MASTER 
This Tester will analyze the entire circuit in minutes and test transistors 
in- circuit or out of circuit. Here is how you can pin point troubles step 
by step. 
First, check the batteries with the 0 to 12 voltmeter. If the batteries are 
O.K., check the current drain with the 0 to 50 milliamp meter. A special 
probe is provided so that you do not need to break the circuit. Excessive 
current indicates a short; low current indicates an open stage or cracked 
board. All PF schematics indicate average current. 
If trouble is not located by now, isolate the trouble to a specific stage 
by touching the output of the harmonic generator to the base of each 
transistor and note spot where sound from speaker (or scope where no 
speaker is used) stops or becomes weak. The generator becomes a sine 
wave generator for audio stages to help find distortion. 
If trouble points to a transistor, check it in a jiffy with the exclusive 
in- circuit power oscillator check provided by the TR110. A special probe 
is also provided for this. 
If the transistor checks bad in- circuit, remove it and give it an out of 
circuit check with the oscillator check or the more accurate DC check. 
The DC check is provided for comparison reasons, experimental or engi- 
neering work and to match transistors in audio output 
stages. Beta (current gain) is read direct or on a good- 
bad scale for service work. DEALER NET. ONLY $4950 

Tests all transistors 
in- circuit or out -o /- circuit 

Model TR11O 
If's a COMPLETE TRANSISTOR TESTER 

SIGNAL TRACER VOLTMETER 
BATTERY TESTER MILLIAMMETER 

NEW SENCORE TRANSISTOR 
l; I AND DIODE CHECKER 

Here is a low cost tester that has become Amer- 
ica's favorite. The TR115 provides the same 
DC out of circuit checks as the '172110; leakage 
and current gain. Beta (circuit gninl can also 
be read direct or as good or bad. Opens or 
shorts in the transistor are spotted in a minute. 
The TR115 checks them all from power tran- 
sistors to the small hearing aid type. Japanese 
equivalents are listed also. This famous lester 
is used by such companies as Sears Roebuck, 
Bell Telephone and Commonwealth Edison. 
New circuits enable you to make service checks 
without set -up charts even though charts are 
provided for critical checks. 

TRI15K. Available in Kit Form. Dealer Net $13.95 

Model TR115 
Dealer Net 

$1995 

Now in stock at 
your Authorized 
Sentore Distributor 

ALL PARTS 

May, 1962 

SENCORE BATTERY ELIMINATOR 
AND TROUBLE SHOOTER 

For replacing batteries during repair. 
Many servicemen say that they wouldn't serv- 
ice transistor circuits without this power supply. 
The tried and proven PS103 is a sure fire 
answer. It can be used to charge the nickel 
cadmium batteries as well. Dial the desired 
output from 0 to 24 volts DC and read on 
meter. I.o.v ripple insures no hum or feedack. 
Total current drawn can also be read on the 
PS103 by merely flicking the function switch 
to milliamps. The PS103 is the only supply 
that will operate radios with tappet! battery 
supplies such as Philco, Sylvania and Motorola. 
No other supply has a third lead. 

Model PS103 
Deale- Net 
$1 995 

S E N C O R E 
ADDISON, ILLINOIS 
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Simrly send us -your defective tuner 
complete: include tubes, shield cover 
and any damaged parts with model 
number and complaint. 

Send for details and FREE Mailing Kif 

TV TUNER SERVICE, INC. 

5717 NORTH WESTERN AVENUE. CHICAGO 45. ILLINOIS 
653 PALISADE DRIVE. CLIFFSIDE PARK. NEW JERSEY 
IN CANADA: 136 MAIN STREET. TORONTO 13. ONTARIO 

BC -221 FREQUENCY METER. @6`9í,o 
Like New. o till unglnal Calli.. Bunk. Only 

BC-603 FM Receiver 20.27.9 Mc. New 18.95 

13M -34 Dynamotor. 12 volt. nrand New 3.95 
OC -604 MF Transmitter 

9 
0 

xllu r.b... Brand New 6.95 
DM -35 Dynamotor. 12 vn Brand New 9,95 
Nagnesyn Compass System Complete. 

for Maule or 1.081. 24.95 
AN APN-9 

.n..1 
torver- Indfeator with 124.95 h.Indi ion. ItI, 

AN 4PN 4B LORAN f li.l, loe.wEse. 89.50 
AN'APR.4 Receiver :It MC - 22. 1 MC. 259.50 

1 t t'heeked 
1, 

. Exe. . 

AN ART- 13 11X,IITR. 100 Watt. with Oscillalnr. 
`l eh: 1. _ ..í5n11 Ke. 2 -18.1 

1 nn. t n11 

T-22 'ARC 5 Transmitter. Brand New 

BC -455 Receiver. good. 
BC -191 Transmitter x'ith 1 . Excellent 
ARR -2 Receiver 11 lulle. Iw.th 1 "B 

ion 
ARC -3 AM Receiver 1.11.I 511 Nie. Excellent 
ARC -3 AM Transmitter 100.1511 Mc. Exc 

1-130A Signal Generator. 100.1511 51e. 

MD -7 Moilutator '.111 il 
RT -100 A APS -19 ',V. Band Transceiver with 

2 J55 and Magnet -25 Tubes. etc 
T5 -13 AP Portable Signal Generator. New 

NI Fi Nid 5..t. i . I I I.iall 

49.50 

14.95 

9.95 

14.95 

4.95 

12.95 

14.95 

7.95 

5.95 

79.50 

39.95 

9.95 

Send Money Order or Check with Order 
Wriso for Latest Flyer -LOADS OF BARGAINS! 

R W ELECTRONICS 
2430 S. Michigan Avenue Dent. EW 
Phone: CAlumet 5.1281 Chicago 16. W. 

Castle Overhaul 

ALL MAKES 
ONE PRICE 

90 Day 995 
Warranty 7 

Tubes und Salo. Parts Extra 

ELECTRONICS WORLD HAS 

A BUYER FOR YOUR USED 
EQUIPMENT OR COMPONENTS! 

The 245,000 purchasers of ELECTRONICS 

WORLD are always in the market for good 

used equipment or components. So if you have 

something to sell, let EW readers know about 

it through our classified columns. it costs very 

little: just 60c a word, including name and ad- 

dress. Minimum message: 10 words. 

For 
further 

information 
write: 

Martin Lincoln 
ELECTRONICS WORLD 
One Park Avenue 
New York 16, N. Y. 

I 
Tomorrow and for years to come! 

CM ? ENS BAND 

RADIO 
8 Channels. crystal controlled 
transmitter and receiver 
Tunable receiver for 22 channels 
Transmitter 100% Class B 
modulated 
Adjustable squelch 
Automatic noise imiter 
R. F. Power inaicator 
1 Year guarantee 
Easy to install. Ideal for home, 
boat, car or business. Weighs 
onlyS ibs...43 /ax 91/2 x111/4 
FCC Type accepted* 

preference to only certification 

with i pa.r .,f 
crystals: Tucrophone 
and power :ables 

I 

NAME 

1 ADDRESS 
S 

RADIO CORPORATION 
73 Vvortrnan Avenue Brooklyn 7, N.Y. 

Please send me complete information 
on Model "E" CB Radio. 

Dept. 123 

$17950 N 

CITY 

STATE 

-- - - - - -' 

Mac's Electronics Service 
(Continued front paye 34) 

snatches was fit to be tied. The holiday 
radio and TV programs were ruined for 
those in the interference area, and they 
were calling everyone from the mayor 
on down. I heard some mention of this. 

"I decided the only thing to do was 
to isolate the source of the interference 
by cutting off current to different areas 
one at a time. I hated to pull the pri- 
maries because of the heavy loads they 
were carrying with the Christmas sea- 
son and the bitter cold weather: so I 
told the men to drop out the distribution 
transformers singly for a short space of 
time until they found one that would 
stop the noise. When they pulled a 
transformer in the alley between 17th 
and 18th and Market and Spear Streets, 
the noise stopped and they thought they 
had it: but when power was restored, 
the noise failed to start! 

"However, cutting off other trans- 
formers close to the area had no effect 
whatever: so we came hack to the one 
between 17th and 18th. Once again the 
noise stopped the int sent power was cut 
off. True it did not start for several 
minutes after power was restored, but 
I felt sure we were on the right track 
at last. The transformer served about 
twenty houses, and we dropped them 
off one at a time until the noise stopped 
again. Now we had it pinned down to 
a single house. I wailed until evening 
when the man of the house came home 
from work and then went calling with 
my receiver. He was most cooperative 
when I explained what we had discov- 
ered and told me to go ahead and do 
whatever necessary to find the trouble. 

"The house had only 1wo circuits, and 
pinning the noise -source down to one by 
unscrewing fuses was easy: but after we 
had pulled every plug in the whole 
house the noise continued. Finally we 
went down in the basement to look 
around. He had a stoker -fired coal fur- 
nace with thermostatic control, but 
cutting power off these did not help. I 
noticed, though, the bonnet limit switch 
was set as high as it would go. He said 
he had put it up there in an effort to 
get more heat out of the furnace in a 
hurry on cold mornings. While I was ex- 
plaining this was a not -so -good practice 
and was peering at the floor joists above 
the furnace for signs of charring, I spied 
a new -looking little bell transformer 
mounted on one of the joists. On a sud- 
den hunch I reached up and cut one of 
the primary leads. The noise stopped at 
once. The search was over!" 

"You mean that little transformer 
was raising all that heck ?" Barney 
questioned. 

"Right. He said he had just put it in a 
few weeks back. It must have developed 
some shorted turns because of a defect 
or the high ambient temperature, for it 
becomes quite warm away from the 
furnace and without any load on the 
secondary. At some critical temperature 
that could only be reached by a combi- 
nation of this heating and a high am- 
bient temperature. voltage peaks arced 
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inside the windings. Added heat from 
this arcing raised the temperature 
rapidly, and the accompanying expan- 
sion stopped the arc after three sec- 
onds. Three seconds later the trans - 
former cooled down enough for the cycle 
to start again. If power was cut off from 
the bell transformer for a short time, 
it cooled down sufficiently so that sev- 
eral minutes 'on' time was necessary for 
it to climb back up to the critical tem- 
perature." 

"Why do you call this a 'classic 
casé ?" Barney wanted to know. 

"Because of the misleading nature of 
the interference, the critical time at 
which it happened, and the number of 
natural scapegoats living in the affected 
area. A radio amateur, a TV technician, 
an invalid and heating pad. or a 'mean 
neighbor' crops up in practically every 

interference case: but it's rare to find 
all four. Incidentally. those tvho tried to 
sic me on these innocent persons act 
ashamed when they meet me now." 

"I'd think they would. and I hope they 
remember the lesson." Mac remarked. 
"I can easily see why your worst TV 
interference was to the north of the bell 
transformer. Ninety -five per -cent of our 
reception is from the three stations at 
Center City to the south: so most an- 
tennas point that way. The interfer- 
ence, naturally, was much worse at the 
front of the antennas than at the rear 
or sides." 

"Well, I better be going," Red said 
as he stood up. "but I thought you two 
would be interested. A few more cases 
like that and no stranger is going to be 
able to understand why my nickname is 
'Red'!" 

NBS OFFICIAL RECEIVES FLEMMING AWARD 

Dlt. 1.I: \\ IS M. Bra ti . h, Chief of 
the U Nil-des I )isision of \a- 

tiuual Bureau of Standard., has been 
named recipient of une of the 19( 1 

arlltur S. Flemming %wards. 
1)r. Brauer It was cited for his out- 

standing euntribulion in the area of 
the at processes of stellar attuos- 
pheres, and for his leadership iti a sci- 
entific program tu ubLlin basic atuntic 
data 1111111 which the successful suint 
of problems in astrophy.ies and plasma 
plis sirs depends. 

The awards. originally suggested b. 
%ether ti. 1] former clairnnftt 
of the Cis il tieryit'r (: ...skill' and 
Secretary of Ilealth, Fahicat . and 

Welfare.. were begun in 19111.'thty are 
si .need by lhr \\ asking .l 
Chamber of Commerce tu honer tell out- 
standing men ter age 10 in the Gov- 
ernment seta ice. Since the prugrauu's in- 
ill l I I sear, ago, nine \I' stall' 
member, hase been .elected for this dis - 
tinguished national award. 

I)r. Brans b j d \BS in 1951 
and was named (thief of the tt 
l'hssics Section then later, in \larch 
1960. .as appointed the first ( :Lief of 
the \t l'Ii sic. Division. Ile is u 
Duke I viser -its graduate and reccised 
his P8í.1). fr Ilarsard in 1919. Ile was 
also recipient of a Rockefeller Public 
Syr. ice : \ward in 1957. A 

ALL NEW 
SENCORE 
component 
substitutor 

VARIACS 
115 VAC 

3 Amp (Powerst owerstat) 
20 Amp Powerstat 
440 Volt -3 

Advance 
Output 
....39.95 

39.50 

VARIACS VARIACS 
Input, 0 -135 VAC 

8.95 20 Amp 
Motor Driven 

Driven phase -3 Amp Motor Driven 

ESTERLINE -ANGUS RECORDER 
Model AW-O to 1 ma -used 

Excellent Cond. S225.00 

POWER SUPPLY KIT 
1 transformer 1000 V CT -150 ma; 6.3 V d SV 
1 Choke, 10 Hy, -250 MA 
2 Capacitors -8mfd. -1000 V. 
ship weight -26 lbs. complete kit 59.95 

Motors (All 115 VAC) 
1 RPM Cramer Sync w /11/2" gear attached 
(Used but excel. Cond) 169 
5 for 7 50 Electric Motor Co. 

Motors -Open Frame type -Nlga Torque 
10 RPM ....... 2.75 20 RPM 2 75 
29 VAC -10 RPM 2 75 
27 VDC Blower 1/100 NP -7000 RPM w /stand 
for Mounting- Filtered. Shipped in orig Can 
(Can Worth 54.00) Will run on 30 VAC 4.25 ea. 
Fasco Motors -16 amp -Shaft a 4 1550 
RPM ..... ................'.'......2.75 
2 Speed 1550 8 1050 Dble. Ended Shaft 3" o 5/16" 8. 13" o 5/16" 475 

METERS 
0 -1 MA 1': -," sq. 3.50 0-5 MA 3" sq. ...3.95 
0 -500 Microamps 3.75 0 -20 MA 3.95 

0 -50 MA 3.95 
2" round 0 -100 MA 3.95 

0 -1 MA 3.75 0 -150 MA 3.95 
0 -100 Microamps 3.95 0 -200 MA 3.95 
0 -200 " 3.50 0 -250 MA 3.95 
0 -3 MA 3.50 0 -2.5 ADC 3.75 
0.10 Amp DC 3.25 0 -25 Amp DC 4.25 
0.150 VAC 3.75 0 -130 V AC 3.45 
0 -200 VAC 3.95 0 -150 V AC 4.45 

0 -250 VAC 4.25 
all 3" round 200 -0 -200 V DC 3.95 

0 -100 Microamps 4.95 0 -15 V AC 3.25 
0 -1 MA 4.25 0 -25 VAC 3.75 
Running Time Meters I50 V 400 cycl Haydon 
1' , R 9,999 hrs. 6.50 
115 V 60 cvel. used 3" round 6.95 
0.5 Amps AC ( marked 0 -200 amps) 6" sq 10.95 
43'," 0 -50 VDC w /50. 100. 200. 300. V scales 

Basic Meter MA 6.95 
9 Reed -Freq. meter 380 -420 cyc. 9.95 

We Buy Surplus Inventories 

Advance Electronics 
79 Cortlandt St., New York 7, N.Y. RE 2.0270 

MODEL RC121 

All your favorite Sencore Substitution Time -Savers in One Compact Unit 
A complete range of carbon resistors, wire wound 
universal selenium and silicon rectifiers. 
Imagine. all of these haul to locate parts at your finger 
tips for on the spot substitution. Say goodbye to messy, 
crumpled parts. unnecessary unsoldering and soldering 
of components for testing purposes only. Save valuable 
servicing time and he sure, by substituting. 
NEW . each section operates independently with a 
value close enough for every substitution need. Com- 
ponents in each section are isolated from chassis and 
from the other sections. For example. a complete power 
supply can be constructed using the RC121 Compo- 
nents only. 

Now in stock at your Sencore Distributor. See him today! 

power resistors, capacitors, electrolytics, and 

NEW T . . . dual electrtlytics provided. A new circuit 
enables you to substitute up to 25 single electrolytic 
values or 9 duals. Exclusive surge protector provides 
protection on both singles and duals for Ix)th you and 
the circuit. 
You save space and money. Equivalent Sencore sub- 
stitution- pieces purchased individually (1136, YRIII, 
RS I06. ES IO2 t cost you 854.0(1 

RC121 (all hand wired, all American made) only 3995 
RC121K (Kit) 27.95 
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MUSiC 

BIGAS 

LFE 
Utah's High - Fidelity 
CONTINENTAL 
SPEAKERS 

C12RD 12" 
WOOFER 
2 Lb. Alnico 
V Magnet and 
2" Voice Coil 

YOU GET LIFE -SIZE SOUND in every 
range, from 20 to 20,000 CPS, with 
Utah's precision -engineered stereo/ 
high -fidelity speakers. Tweeters and 
mid -range speakers feature a specially 
engineered horn formula to enhance 
"presence ". Each speaker has color - 
coded 4 -way terminals. 

NZfLECTRONICS CORP 
ula/i 1124 Franklin St. 

Huntington 
indiana 

Please mail me prices, specifications and 
performance details of your Continental 
speaker line. 

NAME 

ADDRESS 

LCITY STATE 
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Noise and its Measurement 
(Continued from page 28) 

noise levels in three octave bands (600- 
1200, 1200 -2400, and 2400- 4800), you 
come it with the Speech Interference 
Level (SIL) of the noise, which you can 
compare with published criteria to find 
out the extent to which noise will inter- 
fere with conversation. The octave -band 
analysis offers still another way of rating 
noise, by Noise Criterion (NC) value,' 
sometimes used to evaluate acoustic 
properties of offices, school rooms, audi- 
toriums, etc. Finally, octave -band levels 
can be converted to Noise Rating, used 
to evaluate noise levels in residential 
areas. 

An octave -band analysis, as you can 
see, is an essential part of most serious 
noise studies. Fig. 5 shows such an anal- 
ysis of various noises in a factory. Crow- 
ing in favor is the third- octave -band 
analyzer. which divides the over -all fre- 
ynL ncc roige into three times as many 
bands as does the octave -band analyzer, 
and consequently gives more information 
(and takes more time). 

A normal sound -level measurement is 

usually not adequate for impact noises. 
On a drop -forge impact, for example. the 
peak level may be as much as 30 db 
above the maximum reading that would 
appear On a sound -level meter. An oscil- 
loscope could be used to show more corn - 
plcte information, such as rise and decay 
rates, but the technique is involved. 
Much more convenient is the impact - 
noise analzer, which can measure peak 
value, instantaneous level, and a time - 
averaged level Of the noise. 

Standards for noise measurement are 
constantly changing as scientists gather 
new data. The best way to learn about 
human reaction to noise is by experi- 
ment, and the more subjects, the more 
useful the results are likely to be. Im- 
proved test procedures and larger sam- 
plings often force scientists to revise the 
standards. For this reason, and because 
the idea is good scientific practice, it's 
important to keep detailed records of all 
measurements. A complete record will 
probably include data of no apparent sig- 
nificance, but you never know what to- 
morrow's standards may bring. Here's a 

list of things you might record: 
1. Description of the space where the 

measurements were made (nature and 
dimensions of floor, walls, and ceiling; 
description of nearby objects and person- 
nel). 

2. Description of noise source (di- 
mensions, nameplate data, location, type 

4. Beranek. L. L.. ed.: "Noise Reduction." McGraw- 
Hill Book Co., 1960. 
5. Rosenblith. W. A. & Stevens. K. N.: Handbook 
of Acoustic Noise Control." Vol. II. "Noise and 
Man.' WADC Technical Romort 52 -204. PB111274. 
Office of Technical Services. Department of Com- 
merce. Washington 25. D.C.. June 1953. 

of mounting, and operating conditions). 
3. Description Of secondary noise 

sources (location, types, kinds of opera- 
tions) . 

4. Type and serial numbers of all mi- 
crophones and instruments used. 

5. Positions of observer. 
6. Positions of microphone (direction 

of arrival of sound Nvith respect to micro- 
phone orientation, length of microphone 
cable). 

7. Temperature of room and of micro- 
phone. 

8. Results Of maintenance and calibra- 
tion tests. 

9. Weighting network and meter re- 
sponse. 

10. Measured over -all and band levels 
at each microphone location. 

11. Background over -all and band lev- 
els at each microphone position (i.e., 
with primary noise source shut off). 

12. Cable and microphone corrections 
( for temperature and humidity, as spec- 
ified by manufacturer). 

13. Date and time. 
14. Name of observer. 
The more useful information you re- 

cord, the better off you'll be in the next 
phase of the noise- control program. 
That's when you decide what to do about 
the noise you have just measured. Tech- 
niques of noise reduction constitute a 

story in themselves, beyond the scope of 
this article. After you've put rubber feet 
on the machine or changed motors, or 
installed sound- absorbing material, you'll 
want to re- measure to be sure of the im- 
provement. Obviously, the before -after 
comparison will be most meaningful if 
the second set of measurements was 
macle under the saine conditions as was 
the initial set -another reason for keep- 
ing detailed records. 

In they 'ar against noise, careful meas- 
urement pays off. And the pay -off is a 

precious commodity that too often seems 
to be going out of style -quiet. 

"I was a TV serviceman once -too many 
relatives as customers put me out.'' 

ELECTRONICS WORLD 
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ELECTRONIC 
CROSSWORDS 

By 

CLAUDE B. GREEN, JR. 

( Answers an paffe 104) 

ACROSS DOWN 

1. Class of FCC license. 
11. Small voltage (abbr.) . 

12. Electron's charge I abbr.). 
13. An oscillator circuit. 
16. Second grid in a pentode. 
18. Transistor's "grid." 
19. Type of oscillator (abbr.). 
20. Capacitor plates should 

21. Wire measure (abbr.). 
22. Dielectric constant symbol. 
23. Active part of a tube. 
26. The band from 3 -30 mc. 

I abbr.) . 

27. Unit of force in CGS system 
(abbr.) . 

28. The frequencies from 16 to 16.- 
000 cycles (abbr.). 

29. Type of rectifier tube. 
31. The band from 3 -30 kc. 

(abbr.). 
32. Capacity causes current to 

34. Unit of conductance. 
36. Agency regulating communica- 

tions activities in U.S. (abbr.). 
37. Unidirectional current. 
38. Another name for "voltage" 

(abbr.) . 

40. Amount of acidity. 
42. Power ratio unit (abbr.). 

1. 
2. 

3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 
14. 

15. 
17. 

18. 

20. 
23. 
24. 
25. 

26. 

30. 
31. 
33. 
35. 
37. 
39. 
40. 
41. 

45. Wire measure. 
47. The band from .3 -3 mc. 43. 

(abbr.) . 46. 

49. Type of oscillator circuit. 
52. Unit of apparent power. 
53. Transformer core loss. 
54. 12 mc. is the 

harmonic of 1.5 mc. 
55. Indicates a million (prefix). 51. 

48. 
49. 

50. 

Effective value of a.c. 
Receiver sensitivity control cir- 
cuit l abbr.) . 

.001 asap is _ _ ma. 
10.000 kc. Is mc. 
Grid voltage (schematic 
abbr. . 

Time relationship. 
Radio static noises. 
Mineral -bearing rock. 
Early name for the element 
radon (symbol). 
Uranium is _92. 
Voltage collector (abbr.). 
Coil on the neck of a CRT. 
Push -pull cancels the 
harmonics. 
Method of reading color code 
on resistors. 
Midwestern slate I abbr.) . 

Heating value of a.c. 
Heating value of a.c. (abbr.). 
Radio aid to navigation 
I abbr. 1. 
Two capacitors in series gives 

the capacitance 
of one. 
Sensitivity control. 
A multitester (abbr.). 
Current t abbr. ). 
Unit of inductance. 
Volume unit (abbr.). 
Protective device. 
Part of prefix meaning "five." 

frequencies are 
reflected best from the iono- 
sphere. 
Unit of work. 
Inductive reactance causes the 
current to _ .. __ the 
voltage. 
Chemical symbol for iron. 
If resistors are in series their 
values 
Solder is lead and -__ . 

Unit of resistance. 

I 2 3 4 5 6 7 8 9 10 

I 12 13 .14 15 

16 17 8 . 19 

20 21 22 

23 24 

25 
26 27 

28 29 30 31 

32 33 34 35 

36 . 37 38 39 40 41 

42 . 43 44 

45 46 47 48 49 50 51 

52 53 54 

55 
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priced from $109.50... 
HAND -HELD, MOBILE, BASE STATION 

2-WAY RAD /0 

Now, 3 feature packed Johnson Messengers... 
outperforming everything else in the field! 

Compact, hand held 100 milliwatt or 1 watt "Personal Messengers ". 
Rugged and reliable -I1 transistors. 4 diodes! Superheterodyne re- 
ceiver and exclusive tuned RF amplifier gives twice the sensitivity and 
40% more range than similar units with conventional circuitry -more 
output than similar units with same rated inputs! 

For mobile or base stations -performance proved Viking "Messenger" 
punches your signal across the miles! High efficiency design makes 
full use of maximum allowable legal power. Excellent receiver sensi- 
tivity and selectivity. Automatic "squelch" control -5 channel coverage. 
Only 5s /a" x 7" x 113/e ", easy to install anywhere! 

WRITE TODAY 
for 

information packed 
4 Color Catalog 

E. F. JOHNSON COMPANY 
2505 101h Ave. S.W., Waseca, Minnesota 

Please rush "Messenger" details to: 

NAME 

ADDRESS 

CITY STATE 

Manufacturers of the world's most widely used personal communications transmitters. 

SUPERIOR'S NEW MODEL 85 TRANS -CONDUCTANCE TYPE 

TUBE TESTER 

air S'TV 
l'. 

Model 05- Trans. Conductance 
Tube Tatar. Total Drin $52.50 
Terms: 512.50 after 10 day trial, 
then 58.00 monthly for 5 months 
if satisfactory. Otherwis. re. 
turn, no explanation necessary. 

FREE FIVE (5) YEAR 
CHART DATA SERVICE. 
Revised up -to -date subsequent 
charts will be mailed to all 
Model 85 purchasers at no 
charge for a period of five 
years after date of purchase. 

Model 85 comes complete. 
housed in a handsome 
portable cabinet with 

$ 
50 

slip -on cover. Only 

Employs latest improved 
TRANS -CONDUCTANCE cir- 
cuit. Test tubes under "dynamic" 
( simulated) operating conditions. 
An in -phase signal is impressed 
on the input section of a tube 
and the resultant plate current 
change is measured as .a function 
of tube quality. This provides the 
most suitable method of simulat- 
ing the manner in which tubes 
actually operate in radio. TV re- 
ceivers, amplifiers and other cir- 
cuits. Amplification factor, plate 
resistance and cathode emission 
are all correlated in one meter 
reading. 

SYMBOL REFERENCES: 
Model 85 employs time -saving 
symbols (. +. . . s:) in place 
of difficult-to-remember letters 
previously used. Repeated time - 
studies proved to us that use of 
these scientifically selected sym- 
bols speeded up the element 
switching step. As the tube man- 
ufacturers increase the release of 
new tube types, this time -saving 
feature becomes necessary and 
advantageous. 

"FREE- POINT" LEVER 
TYPE ELEMENT SWITCH 
ASSEMBLY marked according 
to RETMA basing, permits ap- 
plication of test voltages to any 
of the elements of a tube. 

SHIPPED ON APPROVAL 
NO MONEY WITH ORDER -NO C O. D. 

Try 
h fa rsvn 

dsr, ' 
1 

MOSS ELECTRONIC, INC. .0 wt.. re. 7.0.a.. a.T.o. 

slaayal.nea= 1 
DEPT. 1)-931, 3849 Tenth Ave. New York 34, N. Y. 

.era ttrso ono pay I Please rush Model 85. If satisfactory, I will pay 
eslmce sr rIe or pm I on terms specified. Otherwise I will return tester. 
Ñeinr.r.ior/ .s I Name roeryer .//e/. If 

amps ur sue' 
re 

1 Address Ln. 1 

non necrury. `Ciy Zone state 
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FEEDBACK LOOPS in 
BI \ARY SCALER DESIO\ 

By J. FRANK BRUMBAUGH 

Description of computer circuitry that is employed 
to produce division by means of any whole number. 

IN THE design of discrete fre- 
quency- dividing circuitry, the basic 
building block is the bistable mul- 

tivibrator or binary, commonly called a 
"flip- flop." This simple circuit, with the 
addition of feedback loops between 
plates and grids of cascaded stages, al- 
lows the engineer to design stable 
circuitry capable of dividing the input 
frequency by any specific number. 

There are two approaches to this de- 

NPUT 

-r- 
2 Fig. 1. Basic scale - 

of -two counter circuit. 

DUrnUT 

v 

RESET 
(NORMALLY 
CLOSED 

_PUSH-BUTTON, 

sign problem: that of designing the 
over -all circuit to produce the desired 
division ratio by the use of feedback 
loops; and the design of modular circuits 
complete in themselves, each dividing 
by prime numbers, which are used in 
cascade to produce the sane end re- 
sults. In the author's experience the 
latter approach is simpler, both from 
a design and a troubleshooting stand- 
point. 

In this article, simple methods of de- 
termining feedback paths are discussed 
and illustrated and the cascaded prime - 
number scaler approach is shown, as is 
the alternative of designing the over -all 
circuit as a unit. Circuits and explana- 
lions are given for every division ratio 
between one and sixteen as well as a 
suggested method of deriving any de- 
sired division ratio in excess of sixteen, 
using the principles discussed. 

Dividing by 2, 3, and 4 

Considered alone, a single binary 
(flip -flop) will deliver an output pulse 
of the desired polarity from a specific 
output plate for every two input pulses. 
thus dividing by two (see Fig. 1). Fol- 
lowed by a similar binary, the output 
from the second stage will occur after 
four input pulses to the first stage. 
Similarly, three stages will divide by 

80 

eight and four stages by sixteen. If no 
division is desired (dividing by one), no 
binary circuitry is necessary. 

To divide by two, a single stage is 
required. We also know we may divide 
by four with two stages, but let us as- 
sume we wish to divide by three instead 
(see Fig. 2). Since a single binary stage 
will deliver an output signal after only 
two input pulses, it is obvious that we 
must use two stages. However, since an 

FEEDBACK LOOP 

RESET 
NC 

Fig. 2. Scale -of -three counter. 

Fig. 3. Scale -of -four 
counter arrangement. 

RESET 
NC 

output pulse must be derived after only 
three input pulses, we must add a pulse 
to the two -stage counter during the 
period of the three input pulses. In other 
words, we must "trick the counter into 
believing" it is still dividing by four, 
which it is actually doing since we are 
adding the fourth (missing) pulse. 

First, some means must be included 
to reset all stages so the left -hand tri- 
odes are non -conducting and the right - 
hand triodes are conducting. This is most 
easily accomplished by lifting the right - 
hand grids off ground momentarily and 
then re- grounding the grid resistors. 
This can be clone either manually or 
automatically. The reset button shown 
in Figs. 2 and 3 does this manually. 
When the right -hand grids are momen- 
tarily lifted off ground, the right -hand 
triodes go into conduction, since their 
bias has been removed. The d.c. path 
between the right -hand plate and lef t- 
hand grid of each stage couples the 
negative -going plate voltage to these 
grids, driving them below the cathode 
voltage. This cuts off the left -hand 
triode sections, leaving them in the 
non -conducting state. 

After the reset button has been ac- 
tivated, the counter is cleared and is 
ready to accept input pulses. The first 
input pulse, which must be negative, is 
applied across the common plate -load 
resistor of the first stage. This drives 
both plates more negative. This nega- 
tive -going plate excursion is coupled to 
the grid of the conducting triode I it has 
no effect on the cut -off tube), driving 
the grid lower and increasing the 
amount of negative bias. This causes 
the plate voltage of the conducting 
triode to rise. This positive -going ex- 
cursion is then applied to the grid of the 
non -conducting triode, decreasing its 
bias. This action is regenerative and 
practically instantaneous. This results 
in the initially conducting triode (V,) 
cutting off and the formerly non-con- 
ducting triode (V,) conducting. The 
positive excursion at the plate of V, is 
applied across the common plate -load 
resistor of the second stage, but has no 
effect on V. and V. since both plates 
and grids rise simultaneously. 

When the second input pulse arrives, 
the action described previously for the 
first stage is reversed and the tubes will 
revert to the original condition which 
existed just after the reset button was 
depressed. However, now the plate of 
V_ supplies a negative -going excursion 
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Fig. 4. Scale -of -five 
counter arrangement 

FEEDBACK LOOP 

FEEDBACK LOOP 

to the second stage. As described for the 
first stage, the second stage reverses its 
state and the right -hand triode (V,) is 
now non -conducting while the left -hand 
triode (V:,) conducts. The positive -going 
excursion at the plate of V, is fed back 
to the grid of V, in the first stage. As 
the left -hand triode (V,) is non-con- 
ducting, this positive pulse drives it into 
conduction and, hence, accomplishes the 
same results as would a negative input 
pulse applied across the common plate - 
load resistor. 

As the left -hand triode (V,) goes into 
conduction, the right -hand triode I V,) 
is cut off. Again, the resulting positive 
pulse from the plate of V, has no effect 
on the second stage, but we have now 
succeeded in adding the missing pulse 
so that the counter is in the same state 

RESET I 
NC u 

Fig. 5. Scale -of -six counter arrangement. 

it would be in had it received three in- 
stead of only two input pulses. This re- 
sults because we added a fed -back pulse 
to the two input pulses. 

Now, when the third input pulse ar- 
rives, the first stage again reverses 
states and the negative -going excursion 
at the plate of V_, which is applied to 
the input of the second stage, causes 
the latter to reverse its state. The nega- 
tive -going excursion at the plate of V. 
is delivered as an output signal. Thus, 
by adding a feedback loop to the scale - 
of -four counter, we have added the one 
pulse necessary and derived an output 
pulse at the end of three input pulses, 
dividing the input frequency by a factor 
of three. 

To divide by four, of course. we use 
the same two stages, but eliminate the 

FEEDBACK LOOP 

feedback loop, requiring four input 
pulses for each output pulse. See Fig. 3. 

Dividing by 5, 6, and 7 
Dividing by five requires three stages. 

See Fig. 4. Now, however, since three 
stages are capable of dividing by eight 
with no feedback, we must add three 
pulses during the five input pulses, in 
order to secure an output pulse for each 
five input pulses. This requires two 
feedback loops- -in this case between 
the plate of V, and the grid of V,, which 
will add one pulse, and another loop 
between the plate of V. and the grid of 

which in effect adds two pulses. Ac- 
tually, only one pulse is fed back to the 
grid of V::, but the effect is the same as 
if two pulses had been fed to the input, 
since it requires two input pulses be- 

RESET 
NC L1 

Fig. 6. Scale -of -seven counter. 

May, 1962 

FEEDBACK LOOP 

VN.'NV- 
RESET 

NC O 
Fig. 7. Scale -of -eight counter. 
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fore a trigger is applied to the second 
stage. 

To divide by six (see Fig. 51, it is only 
necessary to feed back two pulses to 
secure an output at the proper time. As 
explained in the preceding paragraph, 
we can secure the effect of adding two 
input pulses by applying a single pulse 
to cause the second stage to reverse 
states. In this case, a single feedback 
loop is placed between the plate of V. 
and the grid of V. 

When dividing by seven (see Fig. 6), 
we need add only a single pulse. Thus, 
we again need only one feedback loop, 
which is connected between the plate 
of V.. and the grid of V,. 

Dividing by 8, 9, and 10 

Dividing by eight is accomplished by 
using three stages without feedback. 
See Fig. 7. 

Four stages are required to divide by 
nine. (Fig. 81. However, four stages are 
capable of dividing by sixteen so we 
must add (feed back) seven pulses in 
order to get an output pulse at the 
proper time. Two feedback loops are re- 
quired. this time between the plate of 
V, and the grid of V, and between the 
plate of V, and the grid of V. The latter 
feedback loop effectively adds four 
pulses, since it triggers the third stage 
which normally requires four input 
pulses before being triggered. The feed- 
back loop between the plate of V, and 
the grid of V, effectively adds three 
pulses in this instance since it will feed 
back a pulse three tinier (luring the 
input cycle. 

As described when dividing by three. 
the second input pulse causes a pulse 
to be fed back. This also occurs when 
the fifth and eight pulses appear. Per- 
haps a simpler way of looking at this 
action is to consider the first two stages 
as a scale of three, followed by another 
scale of three formed by the last two 
stages. 

Hence, it is only necessary to design 
scaling groups which divide by prime 
numbers, since we can secure any de- 
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Fig. 8. Scale -of -nine rounter. 

sired ratio by combining scalers, the 
product of whose division ratios equal 
the division ratio desired. As demon- 
strated, in dividing by nine we actually 
use two scales -of -three in cascade, since 
3 x 3 = 9. Also, in dividing by six, a 
scale -of -three was followed by a single 
scale -of -two binary. as 3 x 2 = 6. 

When dividing by ten (see Fig. 91, as 
is commonly done in decimal counters. 
two feedback loops are required; one 
between the plate of V.. and the grid of 
V: and the other between the plate of 
V, and the grid of V.:. With this arrange- 
ment, we deviate from the simple 
method of using prime- number scalers 
to again indicate the basic method of 
adding missing pulses. (If we use a 
scale -of -five, with feedback loops be- 
tween the plate of V, and the grid of V,, 
and between the plate of V.. and the grid 

RESET' 
NC 

FEEDBACK LOOP 

Fig. 9. Scale -of -ten (decimal) counter. FEEDBACK LOOP 
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Fig. 10. Scale -of- eleven counter. 

ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


RESET 
NC o 

FEEOBACK LOOP 

w.AVA_- 

of V::, followed by a single scale -of -two 
binary, we will also divide by ten, since 
5 x 2 = 10.) Since we must add six 
pulses to the ten input pulses to deliver 
an output pulse, it is evident that the 
feedback loop going to the grid of V. 
will effectively add two pulses. while the 
loop feeding the grid of V, will add four 
pulses. 

Dividing by 11, 12, and 13 

To divide by eleven (see Fig. 10), 
which is a prime number. we must add 
five pulses during the input cycle. 
Again, two feedback loops must be used, 
the loop between the plate of V. and the 
grid of V, feeds back one pulse, and the 
loop between the plate of V,: and the 
grid of V:: has the effect of feeding back 
four pulses. Thus an output pulse will 
be delivered for every eleven input 
pulses. 

When dividing by twelve (Fig. 11), 
we again use cascaded prime -num- 
ber scalers. A scale -of- three followed by 
a scale -of -four (two binaries), or rice 
rers(i, is the simplest approach 
(3 x 4= 12; 4 x 3 12). A scale -of- 
six followed by a single binary would 
also produce the same result. If we 
follow the first method. we will use a 
scale -of -three feedback arrangement 
from the plate of V, to the grid of V,, 
followed by two cascaded binaries. We 
could also put the scale -of -three after 
the two binaries, in which case the feed- 
back loop would be between the plate 
of V. and the grid of V. If we use a 
single feedback loop between the plate 
of V. and the grid of V., we also divide 
by twelve, since in this case a scale -of- 
two is followed by a scale -of- three, and 
this, in turn, by another scale -of -two 
12 x 3 x 2 -- 12). 

Thirteen is also a prime number. To 
divide by thirteen (Fig. 12) requires the 
addition of three pulses. A feedback 
loop between the plate of V. and the 
grid of V, feeds back one pulse and if 
this same pulse is also fed to the grid 
of V,, using another feedback loop from 
the plate of V., this will effectively add 

May, 1962 

Fig. 11. Scale -of- twelve counter. 

two more pulses, thus permitting di- 
vision by thirteen. 

Dividing by 14, 15, and 16 

Dividing by fourteen may be ap- 
proached in much the same way as 
dividing by nine. We may use a scale -of- 
seven and a single binary, or we may 
merely treat it as we would a prime 
number, and feed back two pulses from 
the output. Here (see Fig. 13), a scale - 
of -seven is followed by a single binary. 
with a feedback loop between the plate 
of V,: and the grid of V,. To feed back 
the effect of two pulses, we may place 
the feedback loop between the plate of 
V, and the grid of V::. 

In order to divide by fifteen (see Fig. 
14), we need add only a single pulse. 
with the feedback loop between the 
plate of V, and the grid of V,. While it 
might appear that it would be prefer- 
able to use a scale -of -three and a scale- 
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Fig. 12. Scale -of- thirteen counter. 
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Fig. 13. Scale -of- fourteen 
counter arrangement. 
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Zone State 

of -five (3 x 5 = 15) in cascade, this 
would be uneconomical since it would 
require three feedback loops rather 
than the single loop actually used in 
Fig. 14. 

Division by sixteen requires the same 
four stages and the elimination of all 
feedback. See Fig. 15. 

Conclusion 

From all this we can see that any 
division ratio up to sixteen may be de- 
rived from a maximum of four dual 
triodes. The addition of another dual 
triode would permit the selection of 
division ratios up to 32, while a sixth 
stage would allow up to 64, etc. From 
the examples given, any desired division 

ratio may be derived, using the logical 
method of determining feedback loop 
positions outlined. While it is usually 
preferable to design scalers and cas- 
cade them to produce the desired di- 
vision ratio, both from design and 
troubleshooting points of view, it may 
not always be economically feasible, as 
was demonstrated in the case of divid- 
ing by fifteen. 

When designing scaling circuits for 
any division ratio, it is necessary to feed 
back the effect of the number of pulses 
which, when added to the desired di- 
vision ratio, will equal the maximum 
counting capability of the number of 
binaries used: e.g.. 4 binaries for 16, 5 
for 32, 6 for 64, 7 for 128, etc. 

RESET 
NC 

FEEDBACK LOOP 

NWMA 

Fig. 14. Scale -of- fifteen counter arrangement. In order to divide by fifteen, 
it is necessary to add only a single pulse by means of the feedback loop shown 
connected between the plate of V and the grid of V . Another technique would 
be to use a scale -of -three counter followed by a scale -of -five arrangement. 
However, this method would be more complex and uneconomical since it requires the 
use of three feedback loops instead of the single feedback loop that is shown. 

Fig. 15. Scale -of- sixteen counter. No feedback loops are required here as each 

stage is able to divide the output of the preceding stage by a factor of two. 

} 
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Energy Converters 
(Continued front page 41) 

Thompson -each has a history more 
than a century old. Joule heating caused 
by the passage of electrical current 
through a conductor is, on the other 
hand, irreversible. 

In 1822 Thomas Seebeck heated a 
junction of two different metals and dis- 
covered that a magnetic needle held 
close to the junction was deflected and 
that an electric current was produced. 

A second thermoelectric effect was 
discovered in 1834 by a French watch- 
maker, Jean Peltier. He observed that 
if electric current is passed through a 
junction of two dissimilar metals, the 
junction becomes cooler or hotter, de- 
pending on the current direction. 

Much later, in 1857, \V. Thompson 
(Lord Kelvin) postulated and found a 
third thermoelectric effect in homoge- 
neous materials. He observed that in a 
single solid in the presence of an elec- 
tric current and a temperature gradi- 
ent, a new reversible temperature gra- 
dient was created, dependent on the 
current direction. 

Fig. 5 is a simplified version of the 
behavior of current carriers in n -type 
and p -type semiconductors in thermal 
equilibrium and after the heat was ap- 
plied at one end of the respective ma- 
terials. In the left -hand portion of Fig. 
5A the semiconductor is at room tem- 
perature and the electrons are moving 
freely in all directions. If connected to 
a load and ammeter in a closed circuit. 
there is no electric current. By heating 
one end of the material, the electrons 
in that end also get "hotter," meaning 
that their velocity and their kinetic en- 
ergies are increased. As seen in the 
right -hand portion of Fig. 5A, the "hot" 
electrons travel toward the cold end of 
the semiconductor and are piled up. This 
pile -up is soon terminated because the 
electrons form a space charge which 
repels the upcoming electrons back 
toward the hot end. Soon a dynamic 
equilibrium is established. with the re- 
sult that the density of electrons at the 
cold end is greater than at the hot end. 
If we close the circuit, an electric cur- 
rent will flow, as observed on the am- 
meter, from the hot toward the cold 
end within the semiconductor. 

In p -type semiconductors (Fig. 5B), 
in which the carriers are positive holes. 
we have a similar situation. but with a 
reversed sign. Holes also pile up at the 
cold end. The electrical current, how- 
ever, flows in the opposite direction. 
from the cold toward the hot end within 
the semiconductor. 

By connecting the two pieces of semi- 
conductor material, an effective ther- 
moelectric unit cell is assembled, as 
shown in Fig. 5C. This generator trans- 
forms heat, applied from the bottom, 
directly into electrical energy, capable 
of work. The double electric current 
will flow as long as the same tempera- 
ture difference is maintained. 

Research efforts in thermoelectric 
laboratories have steadily increased the 
efficiencies of semiconductors and made 

LE 
electronics theory this easy way. 

No previous technical knowledge required. 

BUILD 
the finest professional quality TV Set 

on a practical "pay -as- you -wire" plan. 

SAVE 
up to 1/2 on cost of equivalent educational course plus TV set. 

Build the Transvision "Professional" TV Kit 

described below and get this complete course 

of study for $7.95 (available only to 

Transvision Kit builders.) 
Requires no previous technical knowledge. 

Prepared by experts in teaching novices 
about electronics. 

YOU LEARN: About block 
diagrams... How to read 
and follow electronic 
circuits...How to use 
basic measuring instru- 
ments...Theory and oper- 
ation of basic electronic 
circuits... How to service 
TV, Radio, and other types 
of electronic equipment. 

Prices range 
from $119 to $199. 

The Transvision 
"Professional" TV Kit 

Choice of 19 " ", 23 or 27" 
Picture Tube...Easy "Pay as 

You Wire" Terms...Only $15 
for the Starting Package. 

A few of the Professional Quality Features 
of Transvision TV Kits: 

Choice of push -pull 10 -watt audio or output to 
your HiFi System... D.C. restoration... Ultra - 

linear sweep circuits...Standard Coil Model 
PKO Automatic Tuner...Super- sensitivity for 
fringe areas...Complete line of Accessories for 
Custom Installations. 
U. S. Armed Serrires and over 4000 schools and 
colleges have selected Transvision Receivers for 
educational television. 

ASSEMBLY MANUAL -$2.00 
See how easy it is to assemble the Transvision 

Kit. Cost of Manual refunded on purchase of Kit. 

1 I Vigife+1u New Rochelle, N.Y. 

NE 66000 
START NOW - MAIL THIS COUPON.-. 

TRANSVISION Electronics, Inc., New Rochelle, N.Y Dept.EW -L5 
Send FREE 12-page Catalog... 7 I enclose S2 for Assembly 
Manual, refundable on purchase of Kit. 

D I enclose SIS for Starting PAL on pay-as-you-wire plan. 
(Complete Kits range from SII9 te $199.) 

Name 

Address 

City Zone State 

RS 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com
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mum peak inverse voltage ratings; approxi- 
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)N1462 50 amp. 100 volts 7.00 
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Temp. Compound Conversion 
Region 'Efficiency 1% 1 

Up to 400 C ZnSb, PbTe 
Bi. Te 

IBi,561 tTe,Sel 
Above 400 C CeS, MnTe, 

Ge-Si oxides 

3 -8 
5 -11 
8 -1 6 

below 8 

Table 1. Proven thermoelectric materials. 

them tunic anti more attractive for ap- 
plication as power sources or refriger- 
ators. Thermal efficiencies of a few 
proven thermoelectric materials are I 

given in Table 1. 

The main advantages of thermoelec- 
tric energy converters are: no movirc4 
parts. noiseless operation. no gyro- 
scopic effects. no lubrication necess;nt . 

infinite shelf life, efficiency not propor- 
tional to output, and ability to operate 
on any heat source from combustion to 
nuclear and solar heat energy. To bal- 
ance the picture. they also have certain 
weak points such as: relatively low 
efficiency. low- voltage. low -impedance i 

Output. relatively poor performance at 
high temperatures, and a need for en- 
capsulation because of the possible ox- 
idation effects. 

Practical applications of thermoelec- 
tric conversion principles follow two 
main directions: as generators of elec- 
tricity (Seebeck effect) and as cool- 
ing devices (Peltier effect). Research 
efforts to improve the thermoelectric 
parameters of materials and develop- 
ment efforts to reduce the fabrication 
costs of basic thermoelectric modules 
are unusually extensive. More than 800 
companies and organizations in the 
U.S. are interested in or working on 
one or more phases of thermoelectric- 
ity. New approaches are now being 
studied in the realm of thermoelectric 
thin -film structures (see this month's 
cover). 

Thermo -Photovoltaic Converters 

A very new concept for heat -to -elec- 
tricity energy conversion was pro- 
posed by Pierre Aigrain during his lec- 
ture series at MIT in 1961. It has some 
resemblance to %cell -known silicon so- 
lar cells. in which photons from the 
solar light spectrum excite electrons in 
a p -n. structure. In thermo- photovoltaic 
(TPV) converters photons are also 
used but they emanate not from the 
sun but from a hot incandescent source. 

A schematic structure of a p -i -n 

°IL 
Cooling 

lie; 

I Its III, 
I 1 Thermals 
I I photons,' I 

I 11 I 1 

I I 

11 
I II Ì¡ i t 11 

I I I 

Incandescent 
source 

ftftt 
Heat 

N Low room 
p temperature,T1 

High 
temperature,T2 

Parabolic mirror 

Fig. 6. Thermo -photovoltaic converter. 
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TPV converter is shown in Fig. 6. The 
incandescent source, heated to a tem- 
perature above 1800 degrees C, gener- 
ates photons, which are directed to- 
ward the converter surface by means 
of a parabolic mirror. The cell itself is 
a p -i -n germanium sandwich (p stands 
for p -type, i for intrinsic, and n for 
n-type). 

The process of thermo- photovoltaic 
energy conversion is still very much 
unexplored. It has, however, several 
fundamental advantages over solar 
cells. It claims an unusually high the- 
oretical efficiency, on the order of 70 
per -cent for monochromatic light. A 
practical efficiency of 30 to 35 per -cent 
is expected. The system is being inten- 
sively studied at MIT under the direc- 
tion of Professor J. Blair. 

In thermoelectric and thermionic en- 
ergy converters the working fluid is 
the electron "gas" which is heated 
through energy exchange with the 
crystal lattice. Relaxation times which 
regulate the heat exchanges between 
electrons and the lattice are extremely 
short, on the order of 10 " second. This 
means that when the desired electronic 
excitation is produced, lattice and elec- 
trons have practically the same high 
temperature. Since the thermal stabil- 
ity and the lifetime of materials deteri- 
orate to a marked extent at high tem- 
peratures, especially those above 1500 
degrees C, thermionic and thermoelec- 
tric generators cannot function over 
long periods of time without some loss 
in efficiency. 

The thermo -photovoltaic converter 
offers the possibility of producing an 
effective electronic excitation and still 
keeping the lattice cool. The genera- 
tion of electron -hole pairs by light in a 
semiconductor has a relaxation time 
for energy exchange that is at least a 
million times longer than the times 
for energy transfer in thermoelectric 
and thermionic conduction processes. 
Herein lies the most important advan- 
tage of TPV converters in which heat 
is converted to light through incandes- 
cence and. in turn, light is converted 
to electrical energy by a photocell 
maintained at room temperature. 

Modern silicon solar batteries, widely 
used in satellites. have conversion ef- 
ficiencies up to 14 per -cent. For effi- 
cient operation they depend on silicon. 
whose energy gap closely matches the 
spectral characteristics of the sun. Ger- 
manium actually would be a much bet- 
ter material for photovoltaic conver- 
sion if it were not for its low energy 
gap and, consequently, for its mismatch 
with the solar spectrum. In the TPV 
converter, on the other hand, it is pos- 
sible to control the emissivity of the 
radiation (by adjusting the tempera- 
ture of the incandescent source) and 
match it with the recombination spec- 
trum of the photocell material that is 
used. 

As has been shown, many new ideas 
on methods of power generation are 
being explored. Which of these will 
find the greatest use in the future re- 
mains to he seen. 

SPECIFICATIONS: 

Size: 24" wide, 10" high, 
9" deep. 

Power Handling Capacity: 
Will operate at maximum 
efficiency with amplifiers 
from 8 to 50 watts. 

Response: High sensitivity 
and compliance. 
45- 16,000 CPS. 

19 D.B. GAIN! CUTS SNOW. BOOSTS SIGNAL 

Make any TV or FM Antenna work 
better by amplifying signals with the 
new Winegard Tenna- 
Boost. 

19 DB gain -no peaks 
and valleys. Linear fre- 
quency response -extreme- I POMEA SAPPER 

ly low VSWR. All AC 
power supply. 
Because of its extra power, the Wine - 
gard Tenna -Boost can be used to operate 
up to 6 TV sets from one antenna. Works 
perfectly for black and white and color ... plus FM and FM stereo. 
There's a big difference in antenna 
amplifiers! Ask your distributor or write 
for technical bulletin. 

Winegarrír 
3003.5 Sfo11rn, BurlinciOn, town 

"'KENT 
amazing value -only 

$1595 

Thousands have been sold Check these quality features 

PNEUMATIC LOADING -- 
TERMINAL STRIP TO AMPLIFIER 

FIBERGLASS ACOUSTIC 

DAMPENING MATERIAL 

COAXIAL WOUND VOICE COIL. 

10.000 GAUSS 8 OHM IMPEDANCE' 

W NATURAL SOLIO WOOD CONSTRUCTION 

ACOUSTICALLY PERFECTED SOUND PORT 

ANTI INTER MODULATION DISTORTION 

CONE REINFORCEMENTS 

3" HARDENED TWEETER DIFFUSION CONE 

SILICONE TREATED EDGE 

ACOIIST,CALLY TRANSPARENT CANE 

GRILL CLOTH 

8" HIGH COMPLIANCE WOOFER, 

ALMOST `," CONE DISPLACEMENT 

ORDER NOW to insure prompt 
delivery. Price -$15.95 Also available 
the "Windsor " -an oil finished 
luxurious walnut cabinet at ;25.00. 
F.O.B. factory. 

After three years of extensive research and 
development, you can now enjoy the finest 
speaker system in a handsome bookshelf 
unit. Fits anywhere! Matches any decor! The 
"Kent" is unconditionally guaranteed to be 
the finest unit you ever heard, regardless of 
price, or your money will be cheerfully 
refunded. The "Kent" combines the 
craftsmanship of American cabinetmakers 
with the famous engineering skills of 
Great Britain. 

Unlike cabinets of processed wood, the 
natural grained solid wood "Kent" can be 
stained, oiled or waxed in any finish of 
your choice. 

Because of our amazingly low introductory 
price, the famous British manufacturer will 
not permit us to advertise the name of this 
ultra sensitive. costly speaker. 

Anglo American Acoustics Ltd. EW -2 

129 Maryland Ave., Freeport, New York 
Gentlemen: Enclosed is my check for $ 
Please ship me: 

"Kent " -natural wood cabinet at $15.95. 
"Windsor " -oil finish walnut cabinet at $25.00. 

I UNDERSTAND THAT THESE SPEAKER SYSTEMS 
ARE GUARANTEED AND IF I AM NOT COMPLETELY 
SATISFIED I MAY RETURN FOR A FULL REFUND 
WITHIN TEN DAYS AFTER RECEIPT. 

NAME 

ADDRESS 

CITY ZONE STATE 
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1 
YOU ARE AN 

4[r]I1001I[11 

WRITER... 
who has a BSEE, or equivalent expe- 
rience, plus at least two years' expe- 
rience related to large -scale electronics 
systems .. . 

who is familiar with Army Ordnance 
specifications. radar theory, functional 
schematic diagrams .. . 

who possesses a high level of technical 
competence as well as writing skill .. 
who has the leadership ability to direct 
and inspire support personnel .. 
who is a professional in every sense 
of the word, and wants to be recog- 
nized -and paid -accordingly, then ... 

YOU MAY QUALIFY 

FOR AN UNUSUAL 

PROJECT POSITION 

AT HMED 
Several key openings exist now at General 
Electric's Heavy Military Electronics De- 

partment-an organization with responsi- 
bility for some of the Nation's most ad- 
vanced, large -scale electronic development 
programs . . and Engineering Writer 
needs that will continue -and grow -in 
years to come. 

If selected, you'll be assigned to our 
long -range HIPAR program, with over -all 
project responsibility for related operating 
and service manuals. Your career potential 
will equal that for our top design and 
manufacturing engineers. 
For full, confidential information-- includ- 
ing a copy of this new brochure -send us 
a summary of your background. r;etz 

Write: Mr. D.1. Carney, Engineering Administration 
Section R -1, Heavy Military Electronics Dept., 
Court Street. Syracuse. New York. (An Equal 
Opportunity Employer) 

GENERAL j ELECTRIC 

88 

DR. T. A. LONGO has been appointed di- 
rector of research and engineering for 

the Semiconductor 
Division of Sylrcrni« 
Electric Products 
Inc. 

He joined the cor- 
poration in 1958 as 
head of the Semicon- 
ductor Engineering 
Group of the Auto- 
matic Electric Co. 

and in 1959 transferred to Sylrunia as 
manager of the Telephone Semiconduc- 
tor Group. Prior to his new assignment. 
he was manager of the Advanced De- 
vice Research Laboratory of the Semi- 
conductor Division. 

Dr. Longo received his B.S., M. S., and 
Ph.D. degrees from Purdue University, 
later teaching in the Physics Depart- 
ment of his alma mater. He is a long- 
time member of the American Physical 
Society. 

SYLVANIA ELECTRIC PRODUCTS INC. will 
add 77,000 square feet to its Recon- 
naissance Systems Laboratory in Moun- 
tain View, California. Occupancy is 
expected to he completed by summer 
... PARKER ELECTRICAL INSTRUMENT COR- 
PORATION has moved into a new plant at 
200 Harvard Ave.. Stamford, Conn.... 
ALLIED CONTROL COMPANY, INC. has com- 
pleted its new plant at Plantsville, 
Conn.. doubling present production ca- 
pacity ... INSULTRONIC CORPORATION OF 
AMERICA has completed its new elec- 
tronic testing laboratory at Farming- 
dale, New York. 

FRANK R. DEMCHOCK has been named di- 
rector of the sales and service division 

of General Precision. 
Inc.'s GPL Division. 

He has been serv- 
ing as acting direc- 
tor prior to his ap- 
pointment. He suc- 
ceeds Robert Tate. 
who after a leave of 
absence due to ill 

k health. has assumed 
a liaison position with the corporation's 
Kear:fott Division. 

Prior to joining the company. Mr. 
Demchock held sales management posi- 
tions with Magnum, Corp. and Chicago 
Aerial Industries. He also spent seven 
years with the Air Force as chief of the 
Airborne Communication and Naviga- 
tion Section at Wright- Patterson Air 
Force Base, Dayton. Ohio. 

DR. JOHN DOHERTY has been named 
senior staff physicist in the research 
section of the Bendix Computer Di- 
vision's engineering department... 
PAUL D. ALLEY has joined the Internu- 

tiot+ul Electronic Industries Division of 
Stundcod Pressed Steel Co. as technical 
director. He will be responsible for the 
production engineering and administra- 
tion of the firm's Nashville, Tenn. ca- 
pacitor plant ... DR. PHILIP N. HESS has 
joined Litton Industries' Electron Tube 
Division research laboratory as senior 
scientist in charge of crossed field re- 
search ... Hu:eltine Corporation has 
named WILLIAM KES to the post of vice - 
president, administration of the elec- 
tronics division ... Cornell-Dubilier 
Electronics has appointed GLENN E. 

RONK and ANTHONY A. DeLISSE vice - 
presidents ... JOHN THORN is the new 
sales manager of the Commercial Di- 
vision of Jackson Electrical Instrument 
Co.... THOMAS J. MORRISSEY has joined 
United Aircraft's Norden Division as 
chief -sales operations in the precision 
components department . LAWRENCE 
MENDELSOHN has been named vice- presi- 
dent, marketing. for Assembly Engi- 
neers. Inc. with headquarters in Los 
Angeles ... JAMES SMILEY has been ap- 
pointed sales manager of B & K Instru- 
ments. Inc.. Cleveland manufacturer of 
scientific and industrial measuring 
equipment ... Heller Roberts Instru- 
ments Corporation has named R. J. 
OLMUTZ to the post of sales manager of 
the electronics -electrical division . . . 

DR. RAMON J. RHINE is the new head of 
management control system activities 
at System Derelopnxent Corporation, 
Santa Monica, California . GORDON 
L. FULLERTON has been named vice- presi- 
dent and general manager of the parts 
division and WALTER A. WEISS vice- presi- 
dent and general manager of picture 
tube operations at Sylraniu Electric 
Products Inc. 

JERROLD ELECTRONICS CORPORATION has 
acquired PILOT RADIO CORPORATION in 
an all -cash transaction ... ELECTRO 
WINDINGS AND COMPONENTS, INC, has 
been formed in Hillside, N.J. for the de- 
sign and manufacture of toroidal coils 
and components . SPRAGUE ELECTRIC 

COMPANY has acquired controlling in- 
terest in the TELEGRAPH CONDENSER COM- 
PANY (CANADA) LTD. of Toronto... 
BRAYSHAW ELECTRONICS, INC. has opened 
offices and a plant at Olivia Street, Mc- 
Kees Rocks. Pa. and will manufacture 
selenium rectifiers, silicon rectifiers. 
and other semiconductors and compo- 
nents ... ARCO ELECTRONICS, INC. stock- 
holders have approved the merger of 
their firm with LORAL ELECTRONICS COR- 
PORATION. LORAL will he the surviving 
company but under the merger agree- 
ment ARCO will continue to operate with 
its own name. management, and func- 
tional identity . . . INTERNATIONAL RE- 

SISTANCE CO. has purchased the business 
and assets of FRONTIER ELECTRONICS CO. 

ELECTRONICS WORLD 
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LIVELY READABLE HOW -TO BOOKS FOR THE 
EXPERIMENTER AND ELECTRONIC HOBBYIST 

THE ELECTRONIC 
EXPERIMENTER'S 

MANUAL 
by David A. Findlay 

The ABC's of electronics experimenta- 
tion and project construction are pre- 
sented in this book in such plain 
language and in a style so easy to read. 
that anyone will become absorbed from 
the very first chapter. The projects ad- 
vance from the simple to the more ad- 
vanced. Through these pages the reader 
will acquire the knowledge and skill to 
turn out his own short-wave receivers, 
intercom systems, transistor radios, etc. 
169 pages, 170 illustrations. $4.95 

VACUUM -TUBE CIRCUITS FOR THE 
ELECTRONIC EXPERIMENTER 
by Julian M. Sienkiewicz 

How many times has the experimenter wanted a diagram of a basic 
vacuum -tube circuit which he could use as a guide in building some 
practical electronic device? At last, in one book, he can find all the 
basic diagrams, schematics, and other vital information on vacuum 
tubes and their circuits. One hundred vacuum -tube schematic dia- 
grams, plate- characteristic curves, simplified schematic diagrams, 
test circuits and other selected illustrations supplement the infor- 
mative text to make this new publication one of the most useful 
and informative books available for the rapidly growing legion of 
experimenters and electronics hobbyists. 192 pages, 100 illustrations. 

$4.95 

r 
CIasS D 

CITIZENS 

RADIO 

-: 

CLASS D CITIZENS RADIO 
by Leo G. Sands 

The first and only book to be published in this im- 
portant and rapidly expanding field. Leo Sands, au- 
thor of almost 500 technical articles and 4 books, 
gives complete information on this important com- 
mercial class of radio and explains just what Citizens 
Radio service is and what are its many applications. 
Many illustrative circuits are shown and there is a 
special appendix of FCC rules and regulations. 181 
pages, 72 illustrations. 

COMPUTERS AND HOW THEY WORK 
by James D. Fahnestock 

A solid and acclaimed introduction to this ever -ex- 
panding field. A completely understandable and 
comprehensive study that describes in clear and pre- 
cise terms computer principles, manufacture, opera- 
tion and maintenance. Provides a solid foundation 
for the study of computer techniques. Discusses 
computer memories, flip -flops, programming, etc. The 
113 special illustrations provide a visual explanation 
of computer operation and principles. 228 pages. 

$4.95 

$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 2A 

Please send me the books I have checked below: 

I enclose $ (You pay all postal charges.) Send C.O.D. (I pay charges) 

-copy(iesl VACUUM -TUBE CIRCUITS FOR THE ELECTRONIC EXPERIMENTER $4.95 

-copylies) CLASS D CITIZENS RADIO $4.95 

__copylies) COMPUTERS AND HOW THEY WORK $4.95 

-copylies) THE ELECTRONIC EXPERIMENTERS 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. 

May, 1962 89 
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GET IT from GOODHEART! 
LOOK! New Arrivals: 
MEASURE E, I, R TO 4- FIGURE ACCURACY 

and with ZERO Current drawn from cut being meas. 
tired. Voltage: Direct reading, Potentiornetric method. 
We supply the L 8 N 3 -dial Reivyn -cut 20K 

11m 
Volt. 

age Divider. accuracy .01%. plus Si . resistors for 
Divider connection as Wheatstone Bridge, plus 0-Center 
uAmmeter, plus exact Instructions. theory 8 practical 
cuts. Divider & Potentiometer. You supply Cheap bat. 
terns for 3- figure r y or standard Cell for 

00 figures. This is a $1055. Test Set! $19.50 All for only 
West. Elect. KS -t0115 Null Voltage Test Set. 0.250 V. 
made by L & N. is 4 -dial 100 K hm Voltage Divider. 
Galvaaccuracy 1 part in 100.000. with sensitive L 8 N 

nometer and convenient switching chis ;199.50 
built in. all in portable Case 

WESTON STANDARDIZING POTENTIAL XFRMR 
Mod. 311 Type 3. Adjust 120 v 50 -125 to wdg 1 

to read 150.0 v On your meter at wdg 3. Get it s, 3. 
7.2. 15 & 30 v at dg 2. accurate 0.1 $199.50 to 500 ma. Regular $461.50. only 

MIL SPEC SILICON DIODES IN250A 
Unused. contract termination. 200 PIV 20A at 150 
revs 

s .1250 
ASI yhsx 

surge. Regular $14..00pp.$S 
ma 

Buy postpaid at only 
su $2.SD 

PRECISION PHASE METER AN/URN-67 
Phase Monitor ME -63 U in Chest w cords. Inputs 
20- 20.000 cy 2.30 v peak, reads 0 -360 S 1 deg. 
Similar Tech. Inste. =322 -A. Aequis. $215.00 
cost $1420.00. Like new. only 

HANDY-DANDY 3 -PH 400 CY INVERTER 
Ideal for labs. instrument Checkouts, breadboard as. 
sr bites, etc. Eclipse- Pioneer 512142 -1 -A. In: 2712 
v do 22A. Out: 3 ph 115 v 400 ey 250 VA 1.0 PF. 
V & freq. regulated. Only SI 4" lg. 61/' h. Very 
Clean. checked. grtd w mating plug. $24.50 
14 lbs fob San Diego, only 

GRAPHIC RECORDERS AND AMPLIFIERS 
Brush BL -262. 2- channel elect. wrtg. rack mid. sen- 
sitivity 1.1 . 1450 ohms, 16 v s FS. Switch 
selects 8 rt speeds from 1 to 250 mm second. 
Rgularly $1650. Our price. Checked OK 5395 
Brush 81.202, same penmotors, 2 -than. portable, Ink 

rig. gear- shifted S. 25. 125 mm Se C. Regularly 
$875.00. Checked, ready to use 5250.00 
Same for electric wrtg w pwr supply 5295.00 
Brush BL -S30 2 -than. rack -mIR DC motel.. 50 my max. 

line regular $750. only .$150.00 
Brush RO- 5621.01. same c pt max ma x. sensitivity 
I m Chart line. checked, ready to use 

Se $175.00 
Easterllne -Angus portable Type AW. Spring -wound 
Hart drive. 212.0.2.2 ma dc. checked OK $175.00 

Est. -Angus ditto 1 ma dc full scale. new $250.00 
Est. -Angus ditto except 20 pens record 24 v de events 
with 400 ohm actuators. new. only. $130.00 
Gen. Radio =71SAM OC Amplifier. new. only..$97.50 
Sanborn =154 -IOOB rack -mtg 4 -Chan. recorder. elect. 
wrtg. plus time marker. Multiple chart-speed choice. 
Checked and certified 100. OK $450.00 
Sanborn a-150-2900V. 2 -chan. OC amplifier 9275.00 
Penmo only. similar in shape to Brush BL -902.. 
less pen holders. unknown make. appear exC... $49.50 

NEW COMPLETE MAGNETOMETER AN /ASO -3 
OSC. 0.3 4 Converter CV -I in Case CY.4: Head twirl) 

ind- enters) DT -2: Dynamotor Assbly 056; ContrOl C.8: 
icator ID -5 lis a .2-0..2 m ac meter, m be 

parallelled by reorder If desired); t f 
may 

and 160 -page Handbook. Input 28 dt LOA. starting 
surge 70A. At ax. sensitivity. S gammas produce 
1 ma dc. In Mfr's packIng. Clean and fresh as day 
it left the factory. Snag wt 250 lbs. $349.50 loh Phila Pa. 
Add for Recorder RD -4 AS0. new $200.00 

RADIO RECEIVER AND / OR SPECTRUM ANALYZER 
AN'APR.4 rCVr is the 11 -tube 30 mc IF etc. for its 

Pan., Video 8 Audio ntputs.o AM. Checked. ligned. 
with heads for 38.1000 mc. $164.00 pwr plug 8 Handbook. fob Los Ang. 
Add $59.50 for 1 -2.2 lone; add $175.00 for 2.2.4 
Inc; add 5150.00 for 30 mc Panadapter RDP; add 
$79.50 for Test Oscillator TS -47 'APR 10 -3000 mc 
2 1%, CW. AM. Pulsed. w built -In 60 Cy slily 1. 

COMMUNICATIONS RECEIVER BARGAINS 

ideal longwave 
as 

tunable IF 8 2 ed I 
Con- 

vert. for other rev's. CW ' all data. checked. 
as 

$12.95 
gild OK, fob Los Ang. 
Same, in handsome cabinet w pwr spfy, $31.50 I-535 spur. etc.. ready to use. is our O-535 
ROS: Navy's pride 2 - 

CO 

mc 14 -lobe superhet has 
voice filter for low noise. ear-saving 40C. high s 
8 select. IF is 1255 NC. Checked, aligned, w Owe 
sply. cores tech data. ready to use. fob $99.50 Charleston, 5.C. or Los Angeles 
R- 45'ARR -7 brand new. 12 -tube superhet .55 -43 mc 

pin 6 bands. 5- meter` 455 lie IFs. sit filter. G s 
ositions. etc. Hot and It c be made till 

better by double- converting into the a BC -453 or 0x- 
tuning 

Pwr 
tort. FOB udes Ant nrl the 

automatic$119.50 

2 -METER RECEIVER 8 2/6/10 METER XMTR 
smtr. rack 8 c cond. 19 SCR -522 r 

' ' tubes include 832Á's. 100 -156 mc AM. Satisfaction 
grtd. Less than cost of tubes alone In surplus! Shpg 
wt 85 lbs. fob Bremerton. Wash.. $14.95 only 
Add $3.00 for complete technical data: Original sche- 
matics. parts lists. IF. MI formulae, AC pwr sob data. 
rear continuous tuning. win 2 -meter use 8 putting 
smtr on 6 & 10. 

0.1% SORENSEN LINE VOLTAGE REGULATOR 
=50005 holds setting 110 -120 v to 0.1% despite line 
Changes 95 -130 v 1 ph 50 60 Cy & load changes 0.5 
kva. Mas. harmonics 3%. Recovery 0.25 seconds. 
Regular $695 less pare$. New. $349.50 w pares. 285 lbs fob Utica. N.Y. 
See our ails in Feb.. March. April issues for the BEST 
BUYS In Test Scopes. Freq. Meters. Pulse 8 Signal 
Generators, Sclntillator & Geiger Counter. Tuning-Fork 
Standards, Sola C -V slew's. etc. etc. 

R. E. GOODHEART CO. 
P. O. Box 1220 -A Beverly Hills,. Calif. 
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of Cleveland in an all -cash transaction 
.. THE TENNA MFG. CO., INC. has acquired 

the STROMBERG- CARLSON auto radio 
operation from GENERAL DYNAMICS COR- 
PORATION . . . MODEL ENGINEERING AND 
MANUFACTURING CORP. has acquired the 
deposited carbon resistor division of 
TECHNOLOGY INSTRUMENT COMPANY of 
Acton, Mass. All equipment and facili- 
ties are being moved from the Canton, 
Mass. plant to Huntington, Indiana. 

C £ G 

LOWELL S. PELFREY has been named di- 
rector of research and development for 

Trans -Sit Corpora- 
tion, a wholly owned 
Raytheon subsidiary. 

A key semiconduc- 
tor engineer with the 
company when Ray- 
theon pioneered the 
mass production of 
transistors in 1952. 
Mr. Pelfrey has held 

several responsible positions in the field 
of practical research. For the past eight 
years he has served as director of the 
research and development laboratory of 
International Rectifier Corp. 

Mr. Pelfrey is a member of the 
American Physical Society and a 
graduate of the University of Kentucky. 

e 9 9 

WILLIAM H. HUDSON has been named 
manager of television product develop- 
ment in the electric products division 
of Corning Glass Works ... ROBERT J 

MADZAR, former marketing executive 
for Sylvania Electric Products Inc., has 
joined the Data Systems Division of 
Telex, Inc. as government marketing 
manager ... HERSHNER CROSS has been 
elected a vice -president of General Elec- 
tric Company. He is general manager of 
the radio and television division with 
headquarters at DeWitt. New York ... 
The appointment of ALBERT DeJOHN, JR. 

as supervisor of mechanical engineering 
at E D P Corporation has been an- 
nounced by the company ... LEWIS O. 
WARD, JR. has been named manager of 
the Huffiest Division of Instrument Sys - 
tems Corporation . WILLIAM A. 
WHEATLEY has been named general man- 
ager of the Industrial Instrument Di- 
vision of Electronic Assistance Corpora- 
tion. Plainview, Long Island ... CONANT 
PAUL HARPLEY is the new chief engineer 
of the loudspeaker division of Oxford 
Electric Corporation ... Te,ras Instru- 
ments Ineorporated has added two sci- 
entists, DR. PAUL KECK and DR. ROLF 

HABERECHT, to its central research and 
engineering staff ... DR. ANDREAS B. 

RECHNITZER has joined the Autoaeties 
Division of North American Aviation. 
Inc. to direct the research and develop- 
ment of new systems for undersea ex- 
ploration and exploitation . RALPH 
H. G. MATHEWS, director of marketing at 
Blonder -Tongue Laboratories, has re- 
tired after 40 years in the electronics 
industry ... JOSEPH P. O'REILLY has been 
elected president of Ferro.I'eube Corpo- 
ration of America ... MARTIN HOFFMAN 
has been named assistant to the presi- 
dent of Designatronics. Inc.... ROYDEN 
F. ESTOPPEY has been appointed staff 
engineer of Weston Instruments Di- 
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vision... C. W. FREDERICK is the new 
manufacturing manager of the New 
Bedford plant of Cornell- Dubilier Elec- 
tronics ... MEL BYRON has joined the 
engineering department of BdK Manu- 
facturing Co. as director of new product 
planning ... Ungar Electric Tools has 
appointed JERE R. DAVIS to the post of 
advertising and sales promotion man- 
ager ... WILLIAM G. WHITE is the new ad- 
vertising manager of Hy -Gain Antenna 
Products... H. A. SHEPARD has been ap- 
pointed president of Thompson Ramo 
Wooldridge Inc., succeeding DEAN E. 

WOOLDRIDGE who has resigned. 
Y 

JAMES W. HART has joined Mark Prod - 
ucts as manager of the microwave di- 

vision. In this capac- 
ity he will assume 
responsibility for 
marketing, engineer- 
ing, and production 
of u.h.f. grid para- 
bola antennas, solid 
spun microwave 
parabolas, and gov- 
ernment research 

and development work. 
Before taking up his new post, Mr. 

Hart was formerly associated with 
Motorola Inc. He is a graduate of Mas- 
sachusetts Institute of Technology and 
served in the Army as an instructor in 
electronic countermeasures. 

s 

SPRAGUE ELECTRIC COMPANY has organ- 
ized a new marketing research depart- 
ment which will provide directional aid 
for new product research, sales, and 

product promotion activities. It will be 
under the direction of Robert E. Keck 

. TRAK ELECTRONICS COMPANY has 
added microwave instruments to its 
line of specialized electronics products 
and systems ... SYLVANIA ELECTRIC PROD- 
UCTS INC. has established a home and 
commercial electronics division which 
will be concerned with the development 
and manufacture of electronics prod- 
ucts and systems for industry and com- 
merce as well as entertainment and 
other types of electronics equipment for 
the home ... A new products depart- 
ment designed to open new markets for 
distributors has been established by 
ALPHA WIRE CORP. 

GEORGE M. STAPLETON has been elected 
president and general manager of Ward 
Leonard Electric Co. 
of Mount Vernon, 
New York. 

He joined the 
company in 1935 and 
has served the firm 
as manager of re- 
search and develop- 
ment, executive 
engineer, and man- 
ager of engineering. He was elected 
vice -president in 1956 and has been a 
member of the board since 1950. 

Mr. Stapleton graduated from 
Rensselaer Polytechnic Institute, and 
is a member of the American Institute 
of Electrical Engineers and the Ameri- 
can Society of Naval Engineers. He 
holds several patents on electric control 
devices. 

LEARN MATH 
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Today, to get ahead as a technical man, 
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ideas as you go. 

Don't let inadequacy in math hold you 
back. Write for details today. 
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LINEARIZING 

the THYRATRON 

TIMER 

AC 
IN 

on a 

Front -panel view of the linearized thyratron interval timer. 

By RONALD L. IVES 

Complete construction details and design information 
wide -range interval timer that will provide 5 

to 100 second time periods with good linearity. 

NORMALLY CLOSED 
PUSH-BUTTON SWITCH 

x 

Fig. 1. Basic circuit of thyratron timer. 

IN RECENT years, the thyratron 
interval timer has gradually re- 
placed a variety of electrome- 

chanical and mechanical devices for 
darkroom and process timing, and for 
most functions where a simple and in- 
expensive set table timer is required. 

Basic Circuit 

Although many variant circuits have 
been published, that of Fig. 1 is typical. 
Once this circuit is energized, grid and 
plate of the thyratron are in like phase 
and the relay is energized on each posi- 
tive half cycle. "Buzzering" is pre- 
vented, during negative half cycles, by 
energy stored in the relatively large 
shunting capacitor. The timing net- 
work, R -C. carries line current to the 
grid of the tube, where it is rectified. 
In consequence, the capacitor within a 
very few cycles acquires an equilibri- 

92 

um charge approximating the peak 
value of the a.c. applied by the cali- 
bration potentiometer. 

When the timing cycle is started, by 
pressing the push- button in the thyra- 
tron cathode circuit, which opens it, the 
tube ceases to conduct, the relay arma- 
ture rises, connecting the line to the 
load terminals, and disconnecting the 
high end of the calibration potenti- 
ometer from the line. This effectively 
grounds the formerly positive end of 
the R -C timing network, making the 
thyratron grid negative, and prevent- 
ing conduction until the charge on C 
leaks off through R. 

When this charge has fallen to the 
firing value of the tube in use, the tube 

starts conducting, the relay armature 
pulls down, the load is disconnected, 
and the calibration circuit is re-con- 
nected, permitting recharge of the 
timing network (R -C). 

This circuit is a consistent performer, 
the "time jitter" at a given setting be- 
ing usually considerably less than one 
per -cent, and both construction and 
maintenance costs are at a minimum. 
Circuit constants can he determined 
from the formula: T = 2.303 RC lors. 
(E. /E,), where T = time in seconds; 
R = resistance in megohms; C = ca- 
pacitance in microfarads: E. = supply 
voltage (peak value at "Calib" arm, 
Fig. 1) ; E, = firing voltage of thyratron. 

Now, if we want to use an extended 

Inside view of the interval timer showing the placement of parts. 
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setting range, such as from 5 to 100 
seconds, we find that the time is not 
linear with respect to R, particularly 
if, as is usual for reasons of economy, 
we use a large R and a small C. Circuit 
behavior is indicated in Fig. 2, an il- 
lustrative curve only. 

Compensating Methods 

Previous methods of compensating for 
this nonlinearity include use of spe- 
cially calibrated time dials: use of an 
enormous capacitor (such as 100 µf.) 
and a small variable resistor; and use of 
a decade capacitor as the variable ele- 
ment and in conjunction with a fixed 
resistor. All of these expedients work 
and all are either troublesome, bulky, 
costly -or some combination of the 
three. 

The major cause of the nonlinearity 
is the so- called "contact potential," 
which causes a negative bias on a grid 
separated from ground by a high re- 
sistance. With most tubes, this amounts 
to about 1.5 volts when the grid resistor 
is 5 megohms. In consequence of this 
contact potential, the extreme right - 
hand term of the formula is (E. /El) 
when the value of R is small (short time 
interval); but becomes (E, - Ee)/ 
(EI -E,), E, is contact potential, when 
R is large (long time interval). As E 
the contact potential, may be more than 
one -third of the firing potential of the 
thyratron in some instances, its effect 
on the linearity of the timer should be 
obvious. 

Of course it is possible, but neither 
expedient nor financially desirable, to 
make or have made a special nonlinear 
timing resistor to compensate for con- 
tact potential in the specific timer cir- 
cuit used. Happily, there is a simpler 
procedure for obtaining a nonlinear 
timing resistor for this purpose. If the 
variable timing resistor (R of Fig. 1) 
is shunted by a relatively large fixed 
resistor, the resistance of the combi- 
nation will vary in such a way as to 
compensate for the effects of contact 

t 

AT --. 
Fig. 2. Time- resistance relationship. 

potential, giving a very close approxi- 
mation of a linear time calibration with 
a linear variable timing resistor. Al- 
though the computations become some- 
what involved, it appears that linearity 
of approximately 1 per -cent is consist- 
ently attainable in the circuit to be 
used (Fig. 4) if the fixed shunt is ap- 
proximately eleven times as large as 
the maximum value of the variable tim- 
ing resistor. 

Linear Timer Circuit 

The circuit of a linear interval timer, 
having a useful range of from 5 to 100 
seconds, is shown in Fig. 4. This uses 
standard components exclusively and 
requires no special tricks in its con- 
struction. Its range may be varied 
through wide Ibut not infinite) limits 
without difficulty, although the value of 
the compensating shunt resistor may 
need recomputation in some instances. 

This circuit differs from the funda- 
mental circuit in two particulars. A 
linearizing shunt (R;, R., R :) is con- 
nected from the high end of the timing 
potentiometer (R,) to ground, to com- 
pensate for contact potential effects; 
and the bias rectification function, per- 
formed by the grid- cathode circuit of 
the thyratron in Fig. 1, has been com- 
pletely divorced from the thyratron 
circuit and is now performed by the 
silicon diode, SR,. 

With this arrangement, when the tube 
is conducting, the timing capacitor is 
charged from the calibration circuit, 
its equalization voltage being approxi- 

o 
TIME -+ 

Fig. 3. Clues to linearity shunt values. 

Fig. 4. Circuit diagram of the linear interval timer designed by the author. 

R,- 25.000 ohm linear -taper pot. 
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R., -1500 ohm, 1 w. carbon res. 
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R: -JO Inego /ini. I w. carbon res. 
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PL, -NE -S1 neon pilot light 
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Bromfield MR -11 -D, I17 -volt coil) 
S,- S.p.s.t. bat -handle toggle switch S- S.p.s.t. normally closed posh. 

/lotto» switch (Switchcralt 203) 
SRI- 150 -volt silicon rectifier (Sar- 

kes Tarsien 40K) 
T, -Fil. trans. 117 -volt pri., 6.3 -volt 

In 6 amp at. sec. (Stancor P -6465) 
Ys- Tetrode thyratron (RCA 5696) 
F,-% amp. 3AG jase 
1- Bakelite meter box, 5.9/32" s 

6- 13/16" x 2- 5 /16 ", with cover 
(H. H. Smith #2257) 

MO 

S 

POWER 

AC. 
IN 
PI 

FI 

mately the peak value of the pulsating 
d.c. supplied by the calibration poten- 
tiometer arm. This makes the initial 
value of the hold -off voltage, E., com- 
pletely independent of the setting of the 
timing resistor, R, (and its shunt). 

When the timing cycle is started, by 
pressing the "Start" button -which 
stops thyratron conduction -the timing 
capacitor is switched from the charging 
circuit to the grid circuit of the thyra- 
tron by the relay, and discharge through 
the grid circuit resistors then takes 
place according to the formula. 

Construction 

Construction of a timer, using this 
improved circuit, is quite simple and 
straightforward. One such unit, de- 
signed for darkroom use, is shown in 
the photographs. The container is a 
Bakelite meter case and all components 
are mounted on the lid to permit rapid 
construction and servicing and to elim- 
inate festoons of internal connecting 
leads. Layout is not at all critical, that 
chosen by the author is a mere matter of 
convenience, with the pilot (which has a 
red window) adjacent to the "Start" 
button so that it provides a visible po- 
sition marker under "safelight" condi- 
tions. 

All components are standard over -the- 
counter items and many substitutions 
are possible. The only critical item is 
the timing potentiometer which must 
not only be linear but stable. The Ohtnite 
5- megohm Type CLU pot used by the 
author seems to be the best of the reg- 
ularly available, reasonably priced items 
for this purpose. 

Because neither high voltages nor 
high frequencies are involved, internal 
arrangement is not critical and no spe- 
cial precautions are needed with the 
wiring. Ordinary good workmanship is 
recommended, however, so that the 
timer will be in use most of the time, 
rather than out of service for repairs 
just when it is needed most. 

In the photo of the internal view of 
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5, d 'su for Catalog 
PHONE: RECTOR 2.624S 

engineering degree in 27 mos. 
Become an Electronics Engineer. College graduates 
enjoy higher income ... sure advancement. Major 
corporations visit us regularly to interview and em- 
ploy seniors. BACHELOR OF SCIENCE DEGREE 
IN 27 MONTHS in Electrical (Electronics or 
Power major), Aeronautical. Chemical, Mechan- 
ical, Civil Engineering. IN 36 MONTHS a B.S. 
Degree in Business Administration. Small classes. 
Campus. New dorms. Lou' costs. Enter June, Sept., 
Jan., Mar. Founded 1884. 

Write J. H. McCarthy for Catalog and 
ii "Your our Career in Engineering and Corn. 

n'erre" Book. 
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the timer note the use of a small bracket 
to support the thyratron socket and the 
use of tie points to hold the shunting re- 
sistors for the timing potentiometer. 
Cable ties are used to keep the leads 
from flopping about inside the timer 
when it is assembled. 

When construction and wiring have 
been completed and checked, the cir- 
cuit is energized and warmed up for a 

minute or so. If all is well, the relay 
armature should pull down after about 
20 seconds and remain down, and the 
pilot light should be lighted. When the 
"Start" button is pressed, the relay arm- 
ature should rise, remain in released po- 
sition for a time, then pull down again. 
The pilot lamp will be lighted when the 
relay armature is down and off when 
the armature is up. 

Calibration 
Calibration is best accomplished using 

a sweep- second electric clock plugged 
into the "A.C. Out." receptacle of the 
timer. Set the "Seconds" control to 30 
seconds, note the reading of the second 
hand of the clock, press the "Start" 
button, and let the timer run through its 
cycle. Note the elapsed time and ad- 
just the "Calibrate" control until the 
elapsed time exactly equals the "Sec- 
onds" setting. 

Next check the accuracy of the 60- 
and 90- second settings and, finally. that 
of the 15- second setting. All should be 
within about one second of the correct 
value. Over -all accuracy of the timer 
can be touched up, compensating for 
minor nonlinearities and eccentricities 
in the timing potentiometer, by a slight 
re- adjustment of the "Calibrate" con- 
trol. When this is satisfactory. lock it in 
position. 

Once set, the timer will retain its cal- 
ibration for some hundreds of hours of 
use, the tube employed being a long -life 
computer thyratron which seems to be 
almost immortal under the operating 
conditions prevailing here. Interestingly, 
this timer is quite insensitive to changes 
in line voltage, for the time varies as the 
logarithm of the supply voltage (ap- 
prox.), so that a 10 per -cent increase in 
line voltage produces only a 3 per -cent 
increase in time. 

Extension of these same principles, to 
permit construction of thyratron timers 
for other time ranges and for use with 
other thyratrons, is entirely possible. 
Proper value of the fixed shunt for the 
timing resistor (variable), to secure ap- 
proximately linearity, is most easily de- 
termined by experiment, using the clues 
indicated in Fig. 3. 

In most instances, the variable timing 
resistor should not exceed approxi- 
mately 5 megohms; and the time inter- 
val should not exceed five minutes. With 
longer time intervals and higher values 
of resistance, the circuit becomes too 
vulnerable to extraneous disturbances, 
which range from switching transients 
on the power line, through vibration, to 
cosmic rays and radioactivity. 

In whatever form the timer is con- 
structed, utility will be greatly en- 
hanced by use of accessible controls, 
functional layout, and suitable label- 
ing. 

COMMAND RECVRS. L XMTRS. 
R -28 ARCS TWO -METER & AIRCRAFT RECEIVER 
11111-I .n{ .Mr. Brand new. special! Onl \' 522.50 t 

R Me. 
t 

RECEIVER: Brandncond.... 
orl 

1.5-3 
and 

only 19.95 
3 -6 Mc. RECEIVER: Excel, cond. Terri. buy! 9.95 
6 -9 Mc. RECEIVER: Excellent cltndltlon .... 9.95 
2.1.3 Me. TRANSMITTER: Brand new 5.95 
3 -4 Me. TRANSMITTER: Excel. cond. 6.95 
4 -5.3 Mc. TRANSMITTER: Excel. condition 4.95 
5.3 -7 Mc. TRANSMITTER: Excel. condition_ - .95 
5.3.7 Me. XMTR: Les. tune. and slal. Fair 2.95 
MD.7 /ARC -5 PLATE MODULATOR: Excel. 
one. .95 

AMPLIFIER FOR REVERE SP -16 16 MM. 
SOUND MOVIE PROJECTOR: 111 N'. x01)011 . 

With ..Item ,, 59.95 
FM TAXI RADIO -TELEPHONE 

Great mobile rig! 150.170 Mc. Single channel. 
Crystal control. 6 V. compact. two -pie e set. 25 
W. output xmtr. Dual cony. e. Complete with 

.sting cable and remote .Control panel. Mfg. connecting 
Coast Electronics Co. Pair: $24.95 545.00. EACH With Schematic 

am no m.d 
3 TEST EQUIPMENT BARGAINS! 3! 

T5 -34 AP Oscilloscope: Lab. quality 
for adlu'Ca.la,' maintenance A t mlde -sl." 
Fred.: :111 cps to 1 Mc. Built- in rsl II 
Power Input: 110 V. 50 /601Ncpn. ,... 
used: ... .. ... ... 534.95 1 
EXCELLENT cond. Checked out. & guar 49.95 
75 -239 AP Oscilloscope: Lab. tfuallty bench' 
type for ail electronic est application Fret 
1h r1,. lu , fir. 111 ,1t.í11 time base circuit and 
saut,.. r -h en. Power In t: pu 115 x. en ,., Mot 

g 
.v - 

GOOD. USED CONDITION. ONLY 199.50 t 
CHECKED OUT AND GUARANTEED. 
SPECIAL 124.93 
BC -221 Frequency Meter: 105 Mc to 2.. ' 
I.:,1,. qualify. Fx1.01. ('h(cked out am 
t "0,111,. .e orle. rallhrat inn Look. 

TUBES! ALL NEW & GUARANTEED! 
2C39WA $12.95 250TH 522.58 
4 -65A 9.95 100TH 9.95 
4.125Á . 19.95 8000 9.95 
4x2508 22.50 8298 4.9S 
4.400A 24.50 832A 3.9S 
4 -1000A 75.00 4E27 7.95 

BC -375 100 W. TRANSMITTER 
Ideal for domestic use. as well as export 

P and monde! tiI' 
: V.11- ILI. .v 

( 

marine 

tuning 

I 

111 MSa alent $14.95 cond Only 
PE -73 DYNAMOTOR FOR ABOVE: Eseel. 95 
TUNING UNITS: For BC -375 Each 51.95 
All orders FOB Los Angeles. 25% delm.il r 
C.O.D.', All items IJeet to prior ale NOTE 
MIN. ORDER 53.00. SEND FOR NEW CATALOG! 

COLUMBIA ELECTRONICS 
4365 WEST PICO BLVD. LOS ANGELES 19, CALIF. 

SAY YOU SAW IT IN 

Elcctlronics 110rl(J 

r' \ ) ELECTRIC 

f)() APPLIANCES 
PAYS $3 TO $5 AN HOUR 

Spare Time, Full Time Learn at Home 
PREF. lit ti 

Ion shows hum 11 It , ,, 

now have .1 good -pay í11e 

11115111.$$ of Polir Ole t1. right 
in cour hume. No experi- 
ence needed. just simple 
tools. Leal n to repair Elec- 
tric Appliances. Pays 
an hour: 

4011 :MILLION Appli- 
ances are in American 
hontes right now. 76 Mil- 
lion MORE bought each 
Pear. People need them 
fixed. good times or bad. 
vol' make good money do- 

e it. In our basement. 
garret i., en on 

FREE BOOK 

QUICK WAY TO LEI STARTED 

For less II, 
tioas. plc! us ed iustruc- nÇ easy. 

by 45 years 
of sl cress in hume training - prepares you for top 
earnings in this boominc 
field. Earl Reid of Thomp- 
son, Ohio says: -Alice 
1510 in one month spare 
time. SRI course is price- 
less." At no extra charge 
you even get all pan, for 
your own Appliance Tester, 
too. Finds trouble- spots. 
speeds and checks your 
work. 

Get your FREE. Book 
FRI F sam!'h' I.r..,,m' 

FREE LESSON 

NATIONAL RADIO I NST I TUT E, Appliance Diätion 
Dept. EE2, Washington 16, D.C. 
Send FREE Book. Frs. Appliance Repair Course 
Lesson. Am interested in. 
f. Spar. Tim. Earnings '- My Own Busin.as 

Better lob 
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Address 
City jonc.. Stn te 
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A.C. CALIBRATION 
By R. G. FINKBEINER 

METERLESS d.c. calibration of a 
v.t.v.m. is quite simple, using bat- 

teries of known voltage. It is the a.c. 
calibration which presents a problem 
when an accurate meter is not available 
for comparison. Connecting the v.t.v.m. 
to the power line and assuming the volt- 
age to be the average of 117 volts can 
lead to errors as high as 10e /, The a.c. 
calibration method to be described is 
much more accurate. 

First the d.c. calibration should be 
checked, preferably on the lowest range 
to avoid multiplier- resistor tolerance 
errors. A fresh standard flashlight cell 
has an average open -circuit potential of 
1.57 volts within about 2'; and may be 
used. Also, a typical mercury battery 
(potential is 1.35 volts; some are 1.40) is 
more accurate and will give an on -scale 
reading when the basic v.t.v.m. range 
is 1.5 volts. Check a catalogue for exact 
voltages. 

The a.c. calibration is based on the 
fact that in a full -wave rectifier circuit 
the r.m.s. value of applied a.c. voltage 
is 0.707 of the d.c. output of the 'nn- 
loaded rectifier, which charges its filters 
to the peak value of the input a.c. 

The transformer -operated full -wave 
tube rectifier circuit below is preferred 
over those using solid -state rectifiers 
because of the tube's infinite inverse 
resistance. This circuit is easily "bor- 
rowed" from existing receivers or am- 
plifiers. A transformer with a high -volt- 
age secondary of 350 each side of center - 
tap is ideal because the rectified d.c. 
will be approximately 500 volts, the full - 
scale deflection of many v.t.v.m.'s, and 
within the 525 -volt peak rating of 450 - 
volt electrolytics. 

Disconnect all existing filter compo- 
nents and connect the v.t.v.m. common 
lead (G) to rectifier ground, with the 
positive lead to the rectifier cathode. 
Then substitute several 10- and 20 -,tf. 
capacitors, one at a time, between these 
points (watch polarity) and note the 
exact readings. Pick the one which gives 
the highest reading, as its leakage is 
lowest, and multiply it by 0.707, Setting 
the d.c. to an even value with a "Variac" 
will simplify computation. Then switch 
the v.t.v.m. to "A.C.," put the probe on 
either of the points "A" and adjust the 
a.c. calibration control for a reading 
equal to the computed voltage. If a 
slight unbalance exists in the power 
transformer and the "A" voltages are 
not equal, use the higher reading. 

Note that the accuracy of the a.c. 
calibration depends on the initial (I.c. 
calibration accuracy but, despite this 
fact, the author has been able to make 
calibrations to within 2'i. 

May, 1962 

Precision performance 
is your passport to 

the amazing world of 
short -wave listening 

/2 
batik-rafters 

5th and Kostner Avenues. Chicago 24. Illinois 

"world-range" radio 

5.119k Sky Buddy Receiver Rit -$39.95. 
S -119 (factory wired and tested) $49.95. 
Standard broadcast. Two short wave 
bands (2 -5.5 Mc. and 5.7.16.4 Mc.). Su 
perheterodyne circuit. Transformer -type 
power supply. 

SX -62A Receiver -$395.00. Standard and 

FM broadcast. Three short wave bands. 

(1.62 Mc -109 Mc). Excellent audio. Slide 
rule dial. Single tuning control. Auto- 
matic noise limiter. Uses R -48 speaker. 
($19.95) 

SX -110 Receiver -$169.95. Standard broadcast. 
Three short wave bands (1550 kc -34 Mc). Slide 
rule electrical bandspread dial. Built -in "S" me- 
ter, antenna trimmer, crystal filter. Uses R.48 
sP "akrr .519.95 

i 
S -120 Receiver -$69.95. Standard broad 
cast plus three short wave bands (1650 
kc.31 Mc). Three -way antenna system. 
Slide rule electrical bandspread dial. 
B.F.0. /selectivity control. 

Lanai Ince 

0 0.0 
Ha,!he,n '.1Ir Co., Waltham, Mass. Canada. Gould Sales Co.. Montreal, P.Q. 

EOGApLYUIN 
CITIZEN'S BAND RADIO SUPREME! 

by 

PEARCE -SIMPSON 

PEARCE -SIMPSON 
Drop a card in the snail for full color 

P1385 N.W. 27th AVE. 
MIAMI 35, FLORIDA SUPERIOR PRODUCTS 

95 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

New Products 
and Literature for 

Electronics Technicians 
SOLID -STATE TIME -DELAY RELAY 

1 George Ila Co., Gtr., is tute offcri 
I a utw lightweight. solid -state. hrrmrticalh 
sealed time delis. the I I -Ií111 sei ics. 

I he relit mutates clero unir tiltuins Ili clot 
Nicol desires at a predetermined iutcrsal alto 
application of collage. Uses include the taitiug 

of a bank of moor' without of trload, drone 
parachute ejection. isanning up hanks of elec- 
tronic tubes snit limn rousing cathode damage. etc. 

Three basic apes :Ile mailable. will contacts 
either not coal lc open or normalls closed silo a 

delay range from .05 second to 930 seconds. sri uIi 

an accuracy tolerance of ± 2(I'7.: 115 sound to 
.MI seconds ± IO ;.: and .:111 to 60 seconds with an 
accuracy of 

PUSH- BUTTON SWITCHES 

2 
Hayden Switch Ise. has engineered a new 
line of st:uulattl and special push -button 

switches which feature new conftgurat' and 
switching control capabilities. 

Standard push -button switches our mailable 
with momentary. maintained. alternate action. 
and solenoid -held actuation also available. 
Lighted. non -lighted. or colored push -bunts of 
various shapes serve built -in safety or rellex- 
identificat- functions. 

Push- button switches arc 2 to 6 pole, double- 
throw with solder hole, turret. or double nn ut. 
Hermetically sealed switches with lei III in:1 is or 
lolled lards ale also available as part of the 
switch assembly. Flange. threaded bushing 
mounting. egg -crate. Or bciel -type 10011111iums are 
available to specification. 

PACKAGED CIRCUITS 

3 
Clesitc Transistor has dot-loped a line of 
plastic encapsulated packaged circuits which 

will enable engineers to increase component 

density on circuit boards by a substantial factor. 
Employing a new milliminiaturc germanium 

diode, the new "mil lipak" packaged circuits can 
provide even greater component density by verti- 
cal mounting on circuit cards or by plastic 
encapsulation with other components. 

96 

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 106. 

1 pical "nt illipak" circuit confugurat ions in- 
Inde digital logic modules and carious multiple 
.nin vin oils. Custom units can be presided 
in most intuit configurations such as phase de. 
tcctors, matched pairs. and quads. 

ULTRASONIC CLEANER 
4 Electronic As.'. once Corpora ' is of- 

fering ultrasonic cleaning equipment which 
utility solid -state alignments. The cleaning ac- 
tion rcmoses grease, oil. dirt and flux from 
,incuits. ier:unics, glass. plastics, and other hard 
soi lare, is it hohl damage to the nosh fragile ma- 
telials. The action is set up by the rapid and 
iMilunie expansion and contraction of the 
liquid. 

I lie cleating equipment consists of two units 
a solid slate generator with pauser output of 

`dl istuls and a fisc- gallon tank with a transducer 
bonded to and covering its bottom so that cavi- 
tation i, uniform, at a power density of 10 watts 
per square inch. in all parts of the husk. 

NUVISTOR FOR 1200 MC. 

5 
RCA Electron Tube Division has announced 
it new dohble ended high -mn ntnistor mole 

designed for Ilse in cathode-drive amplifier serv- 
ice at frequencies up to 1200 Inc. 

Designated the RCA -14055, the thimble -sired 
tube is especially useful in industrial equipment 
where compactness. loir drain. uuiformin of 
characteristics. and the ability to withstand 
severe mechanical shock and vibration are pri- 
mary design requirements. 

The new tube util ues all- ceramic- and -metal 
construction. It has a lightweight. cantilever' 
supported cylindrical clectrale strucnlre. It is less 

than I" long, only .440 inch in diameter, and 
weighs approximately 2.2 grams. 

SERIES -REGULATOR PENTODE 

e 
General Electric Company's Receiving Tube 
Department has derelulwsl a new high -colt- 

age series.rcg u lat.ir pentode which is capable of 
handling more 1 -er and voltage than other 
previously available tubes of its sue, according 
to the firm. 

'Ihe l -rpc N1161 tuas an oval base with glass 
enselop5'. It is designed for use as a series 

régula loi in both fixed and variable power sup- 
plies. \l :ninnun plate voltage rating is 3701(1 

soles is 011 a maximum plate dissipation of 35 

oats. 

MINIATURE INDUCTORS 
1 Jeffers Electronics Division of Speer Carlon 

Company is in cununrrrial production un a 

115'1* line of tiny r .I. inductors known as the 
Type 09 "Siini- Stab." 

'I he new unit has a body diameter of 0.1195 

.(103. with a length of (I.27,11 ± .1110. Induct- 
ance .aloes f .10 phv. to 11111 phv. are avail- 
able. Inductance tolerance is ± 111'$ with a 

distributed capacitance of .5 ppf. to 2 ppf. The 
roast current. based on 911 degrees C ambient 
and 35 degrees C maximum temperature rise. 
ranges from 165 to 1660 ma. 

TRANSISTOR TEST TRAYS 

8 
Delta Design, Inc. is now offering large ca- 
parity test trays which allow efficient and 

accurate testing of axial lead components and 
transistors over a temperature range of -11111 

degrees F to +400 degrees F. The trays are 
designed to mate directly with all of the coin. 

Loo's ,mall test ilium xrs now in use. 
Decade.ivpc matrix sus ¡It lies permit quick :std 

sass selenium of ant hulls 0111111 component under 
ursi . l he tea drawers are well insulated and all 
vii ut imral members are of stainless steel and 
aluminum. The, art. fitted with guides so they 
:ne protected from falling during removal from 
the chambers. 

"UNIVERSAL" INVERTER 

n 
American Television & Radio Co. is offering 
a Zinc of "universal" inverters designed to 

provide power for operating standard a.c. tape 
recorders. T\' sets, dictating machines. record 
players, etc. from d.c. voltage sources in auto- 
mobiles, buses, trucks, Imats. trains, and plantes. 

All of the units in the line will provide 110 
volts a.c. output at 60 ctcics at output w:uages 
ranging from 140 watts to 610 watts. The in- 
verters feature r.f. interference suppression, in- 
stant starting, frequency sabilits. :cod built -in 
power factor corrector, utilising a simple toggle 
switch. 

Specifications on indis ideal molds are in- 
cluded in a data sheet which is available without 
charge on request. 

10 

SINE -WAVE INVERTER 
Ortho Dp na ' -s Inc. is now offering a solid - 
state piecisionbuilt a.c. ,ins -wane inverter. 

the )Iox1e1 0611. \112. Input voltage is 115 volts 
11%. single phase, and frequency is 60 cps 

'- 15 %. Output is 1114 colts nominal with I phase 
and till cps ±- 11.1% frequency. Current is 14.5 

:hops. poncer 1 ksi.. with a load power factor of 
0.7 -1 lead or lag. Regulation is 2 0.1'1. line 
and ± 11.5'-:, load. Harmonic distortion is less 
than 5 

11 

INSULATED GLASS CAPACITORS 
C ' g Electronic Components has devcl- 
op5'd printed-circuit gloss dielectric capaci- 

tors that diminatc dcctrical shots hcnsccn 
runs ponce t s. 

ELECTRONICS WORLD 
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The new glass capacitors. equipped stall radial 
heads. are encased in an insulating plastic shell. 
Dimensions are less than comparable CM-tspe 
capacitors. First units in the ll' line aine the 
TV-06 (I to 5611 ppf.) atxl the TV -117 (561 to 10110 

pot.). Nominal dimensions of the '1'V -06 are .3 

¡mil long. .115 inch wide, and .200 inch high. 
For the TV -07 they are the saine except that 
height is .3 inch. Operating ttm perte u rus are 
-55 to +125 degrees C with no derating :nul 

d.c.v.w. is 300 volts. 

PRECISION WIREWOUNDS 

12 
General Insu rument Corp.'s Semiconductor 

L Division is now offering a new series of 
bnbbinless precision witrwuuud lesislnrs for ap- 
Idie :11ialhx demanding extreme temperature sta- 
bility and individual component :accuracy. 

\vailable in any value from 1000 ohms to I 

mrgulnn. these Vt -watt, 501 -volt d.c. resistors es- 
hibit a maximum guaranteed error from nominal 
sable of only .02';k over the full load operating 
ambient temperature range of -20 to +81 
degrees C. 

SEMICONDUCTOR HEAT SINKS 

13 
Delco Radio Division has announced the 

J availability of four new basic semiconductor 
heat sinks. The basic extr .' r are supplied as 
three -inch blanks or punched with a double set 
of holes to accnmmodate either T0- -3 or T0-36 
transistors and also will acconunodate other 
power devices such as silicon rectifiers, thermis- 
tors. controlled rect i Gers. and I 'er wets. 

'Flue heat sinks range in 111011E11 resistume 
from L3 degrees C wart to 5 degrees C \,att. 
Under forced air candit imis Ihrs will exhibit Toss 

than 1 degree C watt ilk unid Unuac to ¡.tics. 

14 

PROGRAMMABLE RATIO BOXES 
North Atlantic Industries, Inc. Iras recently 
released two new programmable ratio boxes. 

Models l'R8 -511G and l'RR -507. 
The ratio setting for these induction voltage 

disiders is externally established by bin:uu cudud 
decimal inputs limn Punched tape. Ca 1-11N. etc. 
The Model PR8 -50G. a nui niatu re unit measur- 
ing 31 x 19" x 12 ". is designed to nuet the 
nerd of high -speed out atie tat equipment. 
l'hc I'RI5117 is a standard programmable tertio 
box. Both units are available with the optional 
feature of read -out lights that hermit a positive 
check of the ratio setting. 

PROTOTYPE CIRCUITRY KIT 

15 
Alden Products Company is marketing a 

J prototype circuitry construction kit Mr latk 
modules and portable instruments. I:nus,n as 

Kit X37, it includes all the circuitry mounting 
and packaging components needed to assemble 
various combinations of a functionalls subdis ided 
rack module and a rugged, quick access, portable 
instrument. 

(: pluie subassemblies snap into modular, 
plug-in Chassis which can be mounter( in various 
combinations as sepal lie "building block" func- 
tions in lack adapters or in portable case as 
test or control functions. 

16 

AUTOMATIC VOLTAGE REGULATORS 
The Superior Electric Company bas intro- 
duced a new series of electro- mechanical 

transistorized automatic soilage regulators as the 
EMS Series. 

l.ite neue units (eitote a completely transis- 
torized. plug -fn type tmurni rionil. T1111,.. ac 
available for single- or ultra-phase dots- u.ilh 
ratings from 25 to 275 Asa. Srurl :tl is Pos haut 
hobs ideal line control In" rain ., loplicuion 
Ilcxitdlity. All haue ,tin t,, u -t01111 dislnrlinn. 
sen lour internal im Prd.r ut r. . II r 11:1 11, /CI" Phase 
.shift. tiroicnry of apprusinr..tels 99';. :uul high 
:accir:lt y. 

LOW -NOISE TRANSISTOR CHOPPERS 

11 
.l ¡spas Electronics, Inc. has added two new 
models to its 70111) line of miniature. low. 

noise. solid slate chuppers. 
!Noes 7001 and 70115 both feature an input 

signal ruing of ± 15 volts and have an operating 
temperature range of -30 to +100 degrees C. 
Their wide drive range of d.c. to 5010 cps and 
extremely fast switching action permit their use 
as low level commutators or switches. as well as 
chippers. 

The choppers have a typical noise level of 
only 35 ay. r.m.s. at 401 cps. working into a 

I0.II01 -ohm load. 'I hey are self -cunt ai tied in 
molded packages a hit II house all solid -state com- 
ponents and feature welded circuitry for re- 
liability. 

PHOTOCONDUCTOR CELLS 

18 
Sylvania Electric Products Inc. has recently 

o introduced two new cadmium sulfide photo- 
conductor cells. Types NI-42 and xl 13. 

The new units have an outside bulb diameter 
of .5 inch and are end illuminated. 'hey feature 
high sensitivity and hermetically sealed.iu -glass 
construction. The cells are gaseous back filled 
for a high dissipation safety factor and include 
a special confidence feature, a blue dot compound 
which turns pink if the cell envelope bctonles 
damaged. 

The Type 8142 features relatively low ¡esist- 
ance (1500 ohms) while the Type 8143 has a 

BASE STATION ANTENNA Cat. No. 314-509 is a coaxial antenna having high strength 
6061 -T6 tempered aluminum whip and skirt. a galvanized steel support pipe. fac. 
tory attached RG-8 A U internal feed line. and a PL259 input connector. 
VEHICULAR ANTENNA Cat. No. 249 -509 is a cowl or body mount stub-tuned 56.inch 
long 17.7 PH stainless steel whip complete with mounting base and 15 feet of 
RG58 A U Cable attached. 
AIRCRAFT ANTENNA Cat. No. 313.509 is a base -loaded whip approximately 18 
inches long. The streamline fiberglass base houses a precision loading coil. The 
antenna comes complete with 15 feet of RG-58 A/U Cable. 
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STEP DOWN TRANSFORMER 
220 Volt 60 Cycle to 110 Volt $ 1 0'95 60 Cycle. 500 Watt Ea. 

FILAMENT TRANSFORMERS 
INP. 

VOLTS AC SEC. V. CURRENT INS. PRICE 
1 III 8.3 .6A - 6 .95 Ilu 0..1 3A - 1.95 
Ito 0.3 23A - 5.95 

110 ! 8_'1 ISA - 2.75 
110 5 5.2A Imo, 1795 

S 42A 8KV 14.95 iii 5. 8.SA 42KV 19.95 
2211 :13 3 I I:% 8KV 14.95 
--u I d: 11005 - 19.115 

AMERTRAN PLATE TRANSFORMER 
Primary 105 -125 V. AC.. 60 cy. a65.00 
Sec. 6200 V. 0 2 KVA or 340 li 
Ma. .4 Wave or use 2 for FULL T 
WAVE at KVA ea. 2 for $120.00 

BC 442 ANTENNA BOX (ARC 5) 
Contains RF Meter 1750 Ma.) Relay. 

etc. 
See Coax xial Relay cony. ' ce" 

SILICON RECTIFIERS 
PIV Current Prie. PIV Current Price 
100 500 Ma 6 .25 400 2 Amps 51.00 
200 500 Ma .30 100 15 Amps 1.50 
400 500 Ma .50 200 15 Amps 2.75 
750 SOO Ma .90 400 15 Amps 3.75 
200 730 Ma .30 50 50 Amps 3.50 
400 750 Ma .50 100 50 Amps 4.29 
100 2 Amps .35 200 50 Amps 5.00 
200 2 Amps .55 75 240 Amps 6.95 

CHOKE -FULLY CASED 
10 HENRY 6` 250 Ma 2.75 
10 HENRY 300 MII 3.00 

4 HENRY 400 Nil 3.95 
4 HENRY 900 Mil 8.95 

BRAND NEW OIL CONDENSERS 
SO MFD 200 VDC .50 MFD 21910 VIII 3.50 

2 MCD 0110 VIII .50 6 MCD 2500 VDC 5.50 
3 MCD 01111 VD( .60 2 MCD :91110 VDC 3.50 
4 MCD 000 VD. .75 2 MFD 11(111 VDC 6.25 
5 MFD 600 VDC .80 3 MCD 4000 VI)C 8.95 
6 MCD 800 VDC .85 MCD 400(1 12.95 
8 MFD Imo VDC .95 1 MFD 5000 VDC .50 

IO MFD 600 VIIC 1.19 2 MFD ., 1 VIII' 8.50 
12 MCD 1100 VDC 1.50 4 MCD 5000 14.95 

1 MCD 1000 VDC .50 .5 MCD 7500 VDC 2.95 
2 MCD 1000 VDC .70 1 MCD 7300 VII( 6.95 
4 MCD 111(10 VDC 1.35 2 MCD 7500 17.95 
8 MCD 1000 VDC 1.95 2 MFD 10.000 - 29.95 

10 MCD 1000 VDC 2.50 2 MCD 12.500 34.50 
12 MCD 1000 VDC 2.95 MFD 15.1100 2.90 
t MCD 12(10 VIO .45 MFD 18.000 ^ 69.50 
1 MFD 1500 Vllá. 75 MCD 20,000 "99.50 
2 MFD 15(10 VII( 1.10 MCD 25.000 - 34.95 
4 MCD 1M1110 VIII 1.95 MCD 23,000 69.93 
8 MCD 1000 VIM 2.95 1 MFD AI'. 1.95 
1 MFD 200(1 VIIC 85 3 MFD 330 AC 3.25 
2 MCD VD(- 1.50 

5 
MFD BIVI) BIVI) AC. 2.95 

RELAYS 

Coax Relay. SPDTColl 24 VDC Ea. $3.95 
WARD LEONARD Heavy duty relay Coil 
220V 

Pole OST,' 25 Amp contanYo Ea. $6.95 
6 Volt AC. SPOT $1.25 

.95 6 Volt OC. H.S. Relay DPDT 

6 Volt DC. H.S. Relay 3 PST N.O. .65 Il GUARDIAN 1l MCAT 
Reel. ) BC'610 

Throw S2,Co 

Potter frulmfleld 
SMSLS 10.000 ohm. 

Ea $2.225 
110 von AC relay -4PST 60 Cy.. 19 amp. 

a. 
$ 3.95 contacts 

Sens. Relay 
Adj. cont. Armature e oT nsionl SPOT, .. Ea. $1 95 
12 Volt SPDT HSDC Relay .95 

12 Volt OPOT DC Relay Ea. $1.35 
SIGMA type 22R4C 9.000 ohm 
SPOT, s ll sealed relay $2.49 
Sealed Relay. SPOT. 6,000 ohm $1.955 
coil 

relay, sensiivity 
Control, 

mils. 10 1er $9.25 ca $1.1D 

PANEL METERS 
STANDARD BRANDS 

2" METERS 
LOO.o.100 Micro 2.99 
0 -1 Ma 3.50 
0.50 Ma 2 95 
0.10 Amps DC 2.95 
0.40 Volts 2 95 
18 -36 Volts OC 1.99 

3" METERS 
0.500 V. DC 3 95 

0.15 Vona AC... 3.95 
0.2.9 KV ........6.95 
MeterE 110V.601Cy. 

0- 99.999.9 Mrs. 
Used- Guaranteed 

795 
4" METERS 

0 -150 Amps AC Iwith 
current transt. 1 . . 5.95 

0 -2500 V. DC ...6.95 
100.0.100 UA ....595 

MISCELLANEOUS SPECIALS 
365 MMF Variable Condenser Single 

Section Ea. .65 
EIMAC -450 TL. Brand New Ea. 535.00 
1521 VACUUM SWITCH, replacement 

9 Foot RG11U with 2.PL259 attached, ea. 1.25 
1 AMP RF CHOKES ea. .95 
Small 10 MFD, 200 VDC 011 Cal. (aa" 

Dla x 21/4") for Crossover netweeK ea. .75 
Electrolytic (Mallory) 400 MCD. 

Run5614b6 Tubes 
......... 

OT. Cooler with heat dlssIp ting 
tube shields. Base and Shield ea. 75C 

All merchandise sold on a 10 day money gack guarantee 
Min. Order 53.00 -25% with Order- F.O.B. New Yore 

PEAK 
ELECTRONICS C O M P A N Y 

66 W. Broadway, New York 7, N. Y., WO.2 -2370 
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resistance of 8000 ohms. The rated dissipation 
of both units is 250 mw. and both units have a 

minimum dark resistance of 200,000 ohms. 

RESISTANCE WELDING HEADS 

in 
nRaytheon Company has just introduced a 

J new line of miniature resistance welding 
heads dc. igned for production welding of micro- 

modules, high density assemblies, and numerous 
electrical and electronic components. 

The "0" series welding heads swivel, tip, and 
tilt to accommodate the work. They can even 
be used upside down. Electrode arms that rotate 
and swing provide optimum electrode positioning 
for greater operator visibility and more accurate 
high -speed welding. 

D.C. POWER SUPPLIES 
2nResearchCottrell, Inc. is now offering a 

line of high -energy, high -voltage d.c. power 
supplies engineered to customer requirements. 
Applications for these new supplies include 
plasma research. dielectric testing, electrostatic 
processes, electron beam processing, radar, and 
other microwave equipment. 

Power supplies can be provided with voltage 
control by conventional voltage -error techniques 
or control by external variables such as pressure, 
temperature, current, or frequency of load arc - 
over. 

Output voltages up to 500 kv. and output 
currents to 100 amps d.c., or higher can be 

provided. 

21 

FLIP -FLOP LOGIC CIRCUIT 
Rese Engineering Inc. has announced de- 
velopment of the Type 2013 FA flip -flop 

digital logic circuit. 
The plug -in package is a 1 mc. transistor flip - 

flop register designed for logic applications where 
counting is not required. There are two inde- 
pendent flip -flop circuits mounted on each plug -in 
board. Two set and reset diode inputs arc 
provided for each circuit and set and reset out- 
puts of both flip -flops are brought out to test 
points on the package. 

Specifications and engineering details on these 

units are available from the manufacturer. 

22 

HI -FI -AUDIO PRODUCTS 

AM /FM TUNER WITH MULTIPLEX 
Heath Company is 110W offering a deluxe 
AMFM tuner kit which includes a built.in 

F31 multiplex converter. 
The Model &J-41 features an FM stereo indi- 

cator light, adjustable a.f.c.. individual tuning 
meters for AM and FM, FM squelch for low 
noise between stations. a stereo phase control for 

maximum separation, and illuminated tuning 
dial. 

Offered in both kit and assembled versions, 
the unit incorporates printed-circuit boards to 
facilitate construction. The instrument is housed 
in a tan vinyl -clad steel cabinet with polished 
anodized trim. 

23 

"UNIVERSAL" MULTIPLEX ADAPTER 
Fisher Radio Corporation is now marketing 
a "universal" multiplex adapter, the Model 

\ll'X.200. The new unit is self -powered, com- 
pact. and designed for easy connection. It can 
be placed up to three feet from the tuner or re- 
ceiver, thus the present front appearance and 
arrangement of a high -fidelity system need not 
be disturbed. 

There are two controls to assure identical 
output levels from both channels. A selector 
switch makes it possible to record stereo program 
material monophonically. A special control has 
been provided for matching the unit to the 
tuner or receiver with which it is used, thus 
assuring maximum stereo separation. This con- 
trol requires setting only at the time of original 
installation. 

DISC DE- LINTER 
2AElectro-Sonic Laboratories, Inc. is now mar - 

T kcting a new model of its "Dust Bug" de- 
signed specifically for use with automatic record 
changers. The unit consists of an electrostatic 
pickup unit which mounts on the changer tone - 
arm, a cylindrical pad which is moistened with 
a special antistatic fluid, and a white nylon- bristle 
brush which helps to collect dust and lint. 

Mounting is merely a matter of pressing the 
adhesive mounting pad to the proper spot on the 
tonearm. The effect of the unit on arm mass is 
less than 1/. gram. 

25 

AUTOMATIC RECORD CHANGER 
1ISR (USA) Limited is now offering a new 
automatic record changer, the Model #UA16, 

which features a low sculptured silhouette and a 

special finish which permits coordination with 
various furniture styles. 

The mechanism features a precision- built, dy- 
namically balanced motor which has self -lubricat- 

ing. lifetime bearings. To provide vibration -free 
performance. the motor is mounted with full 
rubber suspension. 'l'he tonearm is a one -piece 
aluminum die casting which is said to assure 

non -resonance and flat frequency response. 
The unit has four speeds and automatically 

plays 12 -, 10 -, or 7 -inch records. An exclusive se- 

lector permits playing all record sizes of the same 

speed intermixed. The changer plays mono or 
stereo records and may be operated manually or 
automatically. 

26 

FM MULTIPLEX TUNER 
Lafayette Radio Electronic Corp. is now 
marketing a new FM stereo multiplex tuner 

which has been designated as the Model LT -700. 

Featuring a low-noise front end with triode 
mixer followed by double -tuned dual limiters 
and a wideband Foster -Seeley discriminator, the 
circuit includes plate -follower output for remote 
use from the amplifier, a.f.c. with defeat, and 
less than .15% distortion at 100% modulation 
monophonically. 

The multiplex section is switchable from the 

ELECTRONICS WORLD 
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front panel and has a stereo indicator light. 
Stereo separation is 35 ilb at 400 cps: harmonic 
distortion is less than 1% from 50- 15.000 cps, 
and over -all frequency response is 50- 15.000 cps 

The unit measures 1271" x 1041" x 41/2" and 
is 1 sed in a beige vinyl enclosure with cream 
and brushed brass front panel. 

COMPRESSOR -LIMITER AMP 
27 Langes-in is now marketing a miniature 

plug -in thump -free limiter which acts as 
an automatic- averaging or as a peak-level control 

amplifier in recording. T\' broadcast, microwave. 
or industrial sound applications. 

"I he Model AM -530I uuasures only 31.i" high 
x 24k" wide x 101/4" long. It controls les.I differ- 
ences over a range of 30 db and gives a compres- 
sion ratio which is variable up to '1 to I. It also 
acts as an automatic gain control or it can control 
the level differences Iletwecn to rn tables. network 
program. or microphone preamplifier sources. 
Attack time is 100 µsec. to protect the transmitter 
against overloads. Frequency is 20.211000 cps 
_.5db. 

28 

SPEAKERS FOR COMMERCIAL SOUND 
Jensen Manufacturing Company has released 
a complete family of 8 -inch loudspeakers 

which have been specifically designed for dis- 
tributed sound systems. 

Currently this new line consists of 24 indivi- 
dual models to meet virtually all the require- 

ments ul the unnnurcial s I system nisi:dirt. 
The speakers are marketed in handy 10 -packs 
with or without pre -attached 70.7 - or 25 -soft 
transformers. l he speakers feature "Kw'ikon" 
instant connectors for input and power tap ad- 
just ment. 

The line is offered in single -cone, dual -cone, 
:nul coaxial versions to meet sai-iuus installation 
requirements. 

TRANSISTORIZED STEREO PREAMP 

29 
Browne Electronic Laboratory is now mar - 

J Leung the Browne-Nobles transistorized ste- 
reo pre:unp and tone control unit. Model VT -108. 

The till oil uses eight 2N190 transistors to pro- 
vide fre9utnls (overage from 20 to 20.111111 cps. 
Flannonic distortion is below at 1000 cps. 
The unit frailties individual cull meters for the 
two 'lei co channels. six dual -channel inputs, and 
nWO low -1111 pcda ncc and two auxiliary outputs. 

I he cool rol unit may be operated troni two 
1:1.5 -cult batteries. It will also operate from d.c. 
voltages ranging from 3 to 18 colts, with a maxi- 
mum drain Of only 111 ma. 

The panel is silver finish with a choice of gold 
or copper trim. .% ¡landrubbed wood cabinet is 

.l adablc al a alight additional lh.0 ge in walnut, 
nla huganv. or blonde oak finishes. 

MINIATURE ENCLOSURE 

30 
Argos Products Co. has added "The Petite" 
to its line of speaker enclosures designed for 

use where space is limited. The enclosure meas. 

Ask By Name For 
GENUINE 

rFREE 
with each can of 

ELECTRONIC 

CHEMICAL 

5" PLASTIC 

EXTENDER 
Push Button 

Asset/011y in, 
Pin Point 

Apnoc.dions-oo,. 
Not C..u, Shorts 

M - 
formula 

Chroua new 

IleCtrOnÍC z.,.4 EC-44 
7 Ï Lubricates, 

conditions. 
le 

eteetrleal 
ontacts. Eco- 

cal . little does a loll 
0.. $350 

cany. 

ELECTRONIC CHEMICAL CORP. 

t 

813 Commune paw Avenue Jersey City 4, N. J. 

NOW ... AT LAST YOU CAN SAVE ON FAMOUS MAKE TUBES! 

BRAND NEW FAMOUS MAKE 
Radio & TV 

GE 

CBS 

SYLVANIA 

RAYTHEON 

WESPHÌLCOUS 

HyTRON 
PLUS 

pLL OTHER 

NATIONALLY 

ADVERTISED 
TUBES. 

SPECIAL OFFER.,. 
For Limited Time Only! 

SPANKING 
NEW 

SILVER DOLLAR 
With Order Of 
S25 Or More' 

*PLUS... FREE Famous 
Make TUBE (of our choice) 
(List Price Up To $10) With 
Every 10 TUBES Purchased! 

ALL TUBES ... 
'FACTORY BOXED 'IMMEDIATE DELIVERY `CODE 
DATED 'STANDARD R.M.A. GUARANTEE (BD -Days) 

Part Listing ... Almost Every Famous Make Tube in Stock! 
024 .79 5C'LOA 1.11. 1;11 :s .09 1101.0 .55 SAW/1/1. 1.27 12sQ71;T 1 

147 GT .09 STS 1.13 614444 1.30 000110 I._19 Ní'117 .47 1234 .05 
10:11103GT .99 31.400 ..,11 UNEU .77 UOTU.\ 9 1.1G317 .o5 1:1111:7 1.0:1 
1N511T .19 SUN 1.13 011006A 1.915 15110 .55 9AU7 .914 14.07 1.1114 
1NSOT .09 5V3 1.23 08118 1.115 04541T .49 °USA 1.13 14n6 LOU 
1115 .95 5V40A 1.22 ÚOK7B 1.13 OJUA .95 10n1:7 .99 1407 1.915 
I l'4 .87 558 1.10 I11L7GTA 1.45 UKOOT .115 12Af.IiA .09 IIAX4GT .111 
1ÚS .75 5s' :IGT .44 011x0 1.10 111.01:11 1.25 12,51.11 .79 1701 
1X211 1.05 6A111 .75 61105 .79 051A .7 I 12ATO ,3- 1704On 1.47 act's .93 0AÚ7 1.49 O000GTA 1.39 OSA7GT 1.25 12,1'7 .1511 111,51 1 I.1!1 
GALS .05 OAY4A 1.40 011Q7A 1.19 1)51'7 1.23 12A170 .73 1911041GA 2.19 3AÚ0 .75 BAGS .153 BRSN 1.29 11$KTGT 1.19 12Áe7:\ .145 19714 1.17 
aRNO .t1Ú OAIrGT 1.15 ORaá .78 tts L]I :T 1.19 12AX11 ;T .89 23e1ti4:8 1.101 ¡1120 .75 0A110 1.011 0027 1.40 OTNA 1.15 12AX7A .143 231.111;T .79 3180 .711 1141.3 .04 Itt'I .04 OcNA .911 1a11A0 .57 23w4GT .9.1 Ilea .145 tiASINA 1.111 414113 2.59 I1VUOT .75 12111'0 .39 :I2E73 .77 
41107A 1.411 tIANN 1.:10 OCHU .73 IIw'41:T 0 1211117A IA13 :131.01:7 .411 
4117.0A .73 OAQSA .015 0('ntlGA 1.99 fiw'OGT .1114 121411 ii:TA 1.19 351V4 301 
5AS1N 1.15 BANS .85 1c1:7 .SS OX I .55 121117A 1.101 331.3 .51, SANS 1.115 flASK 1.17 011114 1.15 11x8 1.119 1 13 12í'L3.149 51 ,53 1.911 
SAQS S 0.44.1IA .811 11CL8A 1.111 7A7 .59 121'eä 1.19 391'5 .7 5 5A4IA .90 11At'14A 1.111 O1'SI7 1.10 7AÚ7 .9h 12111 .101 0111'1 1 SATH 1.13 NAVSGA 1.39 OC'N7 .59 

:71.!2/'n 
.99 Ial.tllrr .117 1171.707 2.00 SBRN 1.13 OAVU .57 Ill'lN 1.19 99 1 S. \7 1.10 11723 .85 Sets 1.1oo OAx IGTB .111, 111 VG 1.411 7 F 2.!19 125K7GT 1.19 

SJU 113 n\WSA 1.30 OOAIA U 7X7 2.49 IasN7 ;'r .114 

Money Cheerfully Refunded Within Five 151 DaYS. If Not Completely Satisfied! 
FREE POSYACE ON OF SS OR MORE IN USA AND TERRITORIES. 

25e Handling Charge required an any order less than SS. Send 25; deposit on C.o.D.'s. Send ap Proximate postage with Canadian and foreign orders. 
NO MINIMUM PURCHASE REQUIRED ... YOU GET THESE LOW PRICES ON ANT QUANTITY YOU BUT! 

STANDARD BRAND TUBE COMPANY 
ROMANO BUILDING HARRISON, NEW JERSEY HU. 4 -9848 Dept. EW -5 
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CITIZEN BAND 
CLASS "D" 

CRYSTALS 
All 22 Frequencies in Stock 

Txt6,N EXAS 

3rd overtone. .005% tolerance -to 
meet all FCC requirements. Hermetically sealed 
HC6 U holders. Vs" pin spacing -050 295 ,ins. (.093 pins available, add 15c 

Per crystal.) each 

We can supply matched sets for all CB units at 
55.90 per set. Specify transmitting frequency and 
make and model number of equipment. 

Following frequencies in stock (frequencies Kited 
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 NC6 U holders 
n stock for immediate delivery -all channels. Pi 
liometer .050. $2.95 so. .093 pin spacing, add ._--- -s.-- =moose ---u. 

i 15e. SEALED OVERTONE CRYSTALS Supplied in' 
metal HC6. U holders. 

I P n spacing .486, diameter .050 ' 
15 to 30 MC .005 tolerance $3.55 ea. 
30 to 45 MC .005 tolerance $4.10 
45 to 60 MC .005 telerano 54.50 

d it QUARTZ CRYSTALS 
for every service * 4 All crystals made from Grade 

"A" imported quartz -ground 
to exact Z. _ Ces.eUnconditionallyf guaran- . wlm -- teed! Supplied in: 

óe' 
e4A FT-243 

diameter 093 
spacing 

CRIA /AR holders pin stmt- ., 
ing 1z pin diameter .125 
MC -7 

d 
hol pin spacing 

pin iameter 
ders 

.125 
FT -171 holder Mn spacing 
banana pins 

MADE TO ORDER CRYSTALS 
1001 KC to 2600 KC, .005% tolerance $4.50 ea 
2601 KC to 9000 KC: .005% tolerance $2.50e0 
9001 KC to 11,000 KC: .005% tot. á3.00ea 

Specify holder wanted 

ANY AMATEUR, NOVICE, TECHNICIAN 
RAND CRYSTALS 

80 meters 3701.3749 KC .01% tolerance 
40 meters 7152 -7198 KC 
15 meters 7034.7082 KC 1.50 e a. 6 meters 8335.8650 KC 
within 1 KC 

MARINE FREQUENCY CRYSTALS - -All more e he. 
quencies from 2000.3200 KC .005 tolerance $2.50 
ea. (supplied in either FT -243, MC -7 or FT -171 holders) 
STOCK CRYSTALS in FT -243 holders front 5675 KC 

to 8650 KC in 25 KC steps 75c each or 3 for $2.00 
FT -241 Lattice Crystals in all frequencies from 370 
KC to 540 KC (all except 455 KC and 500 KC) SOc 

ea. Pin spacing I/)" Pin diameter .093 
Matched pairs -15 cycles á2.50 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- 
ers $4.50 ea. 
Socket for FT -243 crystal 1Se ea. 
Dual socket for FT -243 crystals 1Sc ea. 
Sockets for MC -7 and FT -171 crystals 25c ea. 
Ceramic socket for HC6 /U crystals 20c ea. 

FREE! Write for Catalog #961 with oscillator circuits. 

ASK 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 

e 

ither of 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 Ise Class shipment 

TEXAS CRYSTALS 
Dept. R -52, 1000 Crystal Drive, Fort Myers, Fla. 

For Fasfost Service, Phone WE 6 -2100 

'FILL OUT AND ATTACH THIS COUPON TO YOUR OR, 
DER FOR SHIPMENT VIA 1ST CLASS MAIL AT NO 
EXTRA COST/ ' 
NAME ' 
ADDRESS ' 
CITY ZONE.... STATE 

TERMS: All items subject to aria, sale and change at 
price without notice. All crystal orders must be oc- 
companied by check, cash or M. O. with PAYMENT' 

100 

kc. and a till-sll) b:uwlnidth of 5. :1 kc. -a shape 
factor of just oser 2.5 to I. 

l he lilies is packaged in a durable. high -ins- 

pact phenolic tale and i. «mite(ially suited for 
tin oit tii its nruutat tilt ing tas huirlucs lovait ing 
dip soldering. I he unit uw.sur«s 21'1" lung by 

slighth more that( I wide :lid I._" (sigh, not 
including mounting .lull. :lid tel minets. 

ures I+" stidc I_" Iligh a." I" d«cp. -1 he 

tem. s.hith is ralcd aI !i tt.Ill.. Icatucs a Jensen 
high-compliance %sortir! a hit ls is matched to a 

Jcnseu nt«rtrr tluuug!! .I sl,..nsar ncnsurk It ills 
volume till!rtl. Impedance is d Mons. 

'I he rnslusure. bnill of 'S" genuine h:uul- 
rubbcd. uilod .\uurican %talnot scuccr tsitJr f- 

ern r:ux grille. is coordinated stith the speakers 
to pros kit' opdinunn resulls. 

FM STEREO TUNER 

31 
Bogen -Presto Ditision has added a new 
stereo tuner. the Model 'I P511. to its line of 

rum) it Iii -fi topfit ml. 
The stete unit features flat frequency response 

to 75.11011 cps and :r ssusititits of .!t II . for 2f) ills 
of quieting. The Uurcr has a.g.e. st Irish msinlains 
t-..1 db audio out pal burl ail lr a range of signal 
satiation. greater than III to 11111(10 pv. .t re- 
cording lily is built iunt lit« multiple circuit 
to eliminate %thistle iulerletenrr sr hen taping it 
stereo program till the air. 

1 -he ostler let,,,, s a brushed gold lipid p :lnel, 
functional control locations. i simple scanner" 
p \I dial. the cump:un's ' \scunute" for precise 
stereo dosing. and dt monk a.l. e. 

CB-HAM-COMMUNICATIONS 

NOISE- SUPPRESSION KIT 

32 
Skpiratingue Electric pasts nunllt mast. 

g a acts r.l. inl oriels ore .uppl e..imn 
unit for aise in mobile and Ill:! inr 1.I1i0 in.Ialla 
fions. Designated as the I spa Sk -I ".'u!spr«ssi- 
kit." flic kit contains lis« basic c )xxrents, is 

easy to install. and is designed to be used wills 
CB, amateur, public .service, and commercial mo- 
bile radio equipment. 

Complete installation instructions are packed 
with each of the kits. 

MECHANICAL FILTER 

rn 
Collins Radio C patsy's Components 'B- 

UJ li. rcccntls inttvxluccd a low -cost 
uæch:wiull filter which has been especially de- 
signed for commercial and amateur cumnuniica- 
lions equipment. 

The new 155 -kc. mechanical filter pros ides the 
same steep skirted stlect is-ity as the lirnt'.s other 
mechanical filters with a li-dli bandwidth of 2.1 

LOG PERIODIC ANTENNA 

34 
fain \nIr sita l'rudus is I1.1. recently in- 

tomtits «t ugsl,lisaI tipule -Isbe lug periodic 
.oilenns III. signed .pct distills for applications in 
ru nome ial and :ustai«u! r.Id io h uitI.. 

il Ile 5551e111 !p1:11es user III« entire fortpxncy 
spell pl I:1 wt :au nit. stil It a poster handling 
cup :ltilis of _.-s Ls,. \ \I and 5 Lc. p.c.p. 'I he 

c.s.st.r. ìs sI ;iisned to be less limo 1. -,:I. aserage 
front stil is 20 db. and lolst:rid gain is 

8.7 1b osso :III ismrlpmir soul ««. 

l h nits unit is at a i la lilt- tither as :air :uticltna 
alone or as a omrplrt unii stilts hasy truly 
rotating s.i«tr :1101 dücrlinn inticnmr. 

NEW SSS GEAR 

35 
Meath C p.uis I, ni Olin/11111111 Iovn 

J nett kits shiiIt pl lit its ssIt mobile facilities 
in compact, companion studs. 

The 11X-20 transmitter features a bornsetfcally 
sealed crystal bandit:is. filter. cissiaótootrolled 
dual -conversion het crues tic c its mitre , autunrm is 

level control for masvimmn talk putter. complete 
I>an.ssitching of 80 Ibrnugh In nmtcrs. and con- 

vertibility for fiscdsetiou use It means of an 

actessorc power supply. 
The companion riasiter (photo) tunes SSB. 

.\ \I. and c.v. signals x0 through 111 milers. It 
offers lurlIcr than I ils. s «usilisity on all bands 

and features crystal baundy:s. filler for sharp se- 

Iectiyity. the rccciscr also has a built -in cali- 
brated "S" muter and :10:1 gear drive tuning on 

a 51/2" slide -rule dial. The set can Ise operated 

from a 12-volt car battery 1>y using the form's 
III' -10 mobile miner suppt,. 

Both units are matched as to cabinet styling 
and general accueil Apie Amite. 

BROADBAND AMPLIFIER 
36 Radio Engineering Labor: ies, luir. has an- 

-ed a new amplifier for use ill the 2 

kmc. band as a prias i s i! (opponent of i broad- 
band tropospheric scatter conununictiuns sys- 

tem nr a radio propagation test ssatlni. 
The Type !Krill aunplifir is designed to pro- 

vide 125 wails of most in the r.f. range of 1700 

to 21(10 nsc. .\ fuurcat its klsaux protides full 
output with less !ban 1t lits, dr'ite junsei. '!'Ile 
klystron tube eng>loss p«rnr.uleto magnet focus- 
ing in order to sixsplilt Tuning plx:edures :111.1 

adjustments. The beans power supply utili/es 
silicon rectifiers. The power of the a.c. input is 

single -phase, 120 vents, 511 /60 cps, 111 amps. 

LOW -BAND MOBILE UNIT 

31 
teronaulical Elm tronics, Inc. has announced 

the availability of a new 2211 -watt, low -band 
_, --iI inc.) mobile radio set which protides a 

number of special features. 
A singlomsit "up -f -mounted" set. all oper- 

ating cull bols are linaleaI mn the brushed silver 
anodized front panel. The ':Slimline" has pro- 
vision for operation on a matinunn of three 
channels :mil for " t: n irall.';,Lfte firm's subaudible, 
tone -actuated steel is e roll .t...WM. 

FLECTRONICS WORLD 
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.Mailable as an au lr.on i. :l mobile :nnplifier 
unit schirh boost, the poner of the 111111 u, 100 
It alt. output. N hoir the mobile amplifier i, used. 
the Operator has instant choice of 20 taut. 0111- 

pill for normal anunmnications needs or MO 
tt lin output for ulaAinuun range under adverse 
Ii(u liii,ins. 

38 

MANUFACTURERS' LITERATURE 

POWER CONVERSION SETS 
\1 Generator Corp. is now i11110í a 

nto -u,lur bolder which coon, i° complete 
line ul power eumeniuit sea. lo merl .p,, hill /id 
nerds. Illudrate l and described are single- :nul 
fluter phase altcnuaors for producing odd volt- 
ages. phases. :nul lrcquencics. l he units oiler 
"un -Ihe spot" tons eision from commercial power 
Io the ups power requited for a particular ap- 
plicatilm. 

PRODUCT REFERENCE GUIDE 

39 
The Superior Electric C pant has available 

J a I 2-page condensed elect onit- electrical 
product retcurnrr guide nhith Gatti, the fi'ne's 
most Ircrlucntls ordered (lulu, n. t he publica- 
tion includes ratings and whet essenti.,! technical 
Bala on an extensity( line of tar iaill - transform- 

ers. voltage regulator,. .t nchronous motors and 
translators. eleci, irai r "interiors. binding posts, 
etc. 

40 

MONITOR SYSTEM 
Electro titstents Corp. has issued a four -page 
brochure covering the applications and per- 

formance of its new operations monitor ,,stmt. 
a sul id-.ta t t ..tent for checking and conindli ng 
luweuel signals. 

I he un il n, s lrccloped for continuous. precise 
nuluitllt ing (it tpuran ing levels of industrial proc- 
esses, in.lt unicncoiun ,.t(1118. and Military 
checkout -all of which are detailed in the bro- 
chure. 

41 

MASER /LASER BIBLIOGRAPHY 
:. lull. Is nuts ullcring free 

of charge a bibliography of maser and laser 
trllrrnues. I he publication list. 117 references 
pi a tuclnie'al and sentiterhnical nature. includ- 
ing auntie, on maser and Laer stents. era lei ial.. 
elit-ct., phenomena. and potentialities. 

TAPE RECORDING GUIDE 
The Nortronics Company. Inc. has issued an 
elaborate tape recording reference guide 

which include,. on separate data sheer,.inloruta- 
lion un the pi ill, iples of tape rcronling. how to 
consult to luth -il'tuek 'it- It -il. :1 l'0111 1-1,1011 chart. 
a erns, ,elerencc table of heads, catalogue sheets 
on heads and accessories. circuit di.lgt:nu, of 
want, ist m i,tT1 record and Alas hark (limits. sup- 
plemental head instlutl inn.. and insu net ion 
sheet. Inr all of the firm\ tnntel.inn kit.. 

I he m.11el 1.ii is indrArd flit read, irk-it-nee 
and (tell illu,rl:acd for cas comptchrnion. 

SIGNAL INJECTOR DATA 

43 
Don Bosco Eledronitx. Inc. lias just pub 
li.hcd a single -page d:na sheet Which 

lures and dcsribc. in detail its "\lusquito.. 
-ignal inimut. I he bulletin explains how titis 
self -contained. fully ttansisturi,ed signal getter 

atur taut he used in t het king a satiety of circuit, 
in radio. A V. recorders. sound projectors, tele- 
phones. sound ststemc, healing aids, amplifiers, 
etc. Complete slierificalinns. features. and typical 
output tr :nefurnls are included. 

ULTRASONIC MACHINING 
Rat [bean C pang has published a Ifi-page 
bruchine un tiltiasonic machining which ex- 

plains the them. of such a technique and de- 
tails applications in drilling. slicing. engraving. 
trepanning. and shaping hard and brittle ma. 
terial, such as glass. ceramics. gei ulaniunt. stain- 
less stccl. 1001 stud. and pieciuus jcsv121s. 

Pull .pct it...it inns un rite ' ((:mfr's impact 
grinders are included a. well as tables of cutting 
rates for ilillerent mate( Luis commonly cui by 
ultrasonic ut lutiq ut . 

LABORATORY PLUGS 
4SC: Elec uric Company has compiled a 

J listing of its plug. designed especially for 
labium", and switchboard applications. he 
plugs de,u dud provide quick disconnect switch 
ing and ((: aching operations for swiu'hlxlads. 
tent in:d bo :u,l.. :md panel porta, 

I he nuits :ne Incd eytensit el. on experimental 
sss itclbo:uds and on test egoipment in laltora- 
tories and indutt'ial plant.. 

"VARIAC" CATALOGUE 
Lafa eue Industrial E.ly(tronics Dis ilion has 

released a 2- I-page catalogue covering the 
General Radio "Variacs" stocked by the distribu- 
tor. 

Each of the manufacturer's a u tou':ul sfornters is 

described in detail as to cnnsti uction. dinten- 
and clectt ical specifications. \luny of the 

models are illustrated. 

46 

41 

RUGGEDIZED VAGIS 
Technical ,Appliance Corporation has issued 
a IG -page ua:dugue covering its line of 

(Conlin/red on page 104) 

1-YR.GUARANTEED RADIO & TV TUBES 

NOV !OW OR /CE 
Factory Used or Factory Second Tubes! TRU -VAC will replace FREE any FREE norOp! Plas c 
Iube that becomes defective in within I year from dole of purchase! Toiol rI 99t I reguiaar 
ALL TUBES INDIVIDUALLY BOXED! CODE DATED & BRANDED "TRUVAC" Y dual Ito eyer order 
Partial Listing Only ... Thousands Mora Tubes in Stoekl 

of SB.QÚ o. mar 

SPECIAL! 6CB6 30 6CQ 301 
0V4 304 6ÁC7 6ÁT4 6CF6 6J7 6VGGT 748 12BÁ6 12V6GT 
0Z4 354 6ÁF4 6ÁU6 6C07 6.6CT 6W4GT 7G7 12047 12W6GT 
1Á76T 3V4 GAGS 6AU4CT6CG8 6117 6W6GT 7H7 12006 1214 
183GT 40Q7A 6AH4CT6AUSGT6CH8 6N7 6 %4 7H7 128E6 14Á7!1287 
1HSGr 1058 GANG 6ÁU8 6CL6 607 6X SCT 707 12846 1086 
1L4 4027 6ÁH5 6AV5GT GCMG esa 6X8 ]57 120147 1407 
1Le 4C86 GALS 6AV6 6CM7 657 6566 7X6 I2BL6 174%4 
1NSGT SAME 6ÁM8 SAWS 6CN7 6S8GT 7A5 7X7 121357 17D4 
IRS SANG 6ANO 6A%4GT 6SA7 746 754 13006 9ÁÚ46T 
155 SATE GAGS 6Á%56T 6Cß6 65C7 7A7 7Z4 12BY7 19BG6C 
174 SAVE 6AQ6 681(5 6CS6 6S07GT 7A8 t2A8 12CÁ5 I9J6 
tua 5Á24 6AQ7 6Bß7 6CS7 65F5 7B4 12ABS 12CN5 1978 
lUS SORB GARS 68L7GT 6CUS 6SF7 7B5 12A06 1204 24A 
152 SCGB 6AU7 6BN6 6C116 6567 706 12ÁF0 12FS 25Z6GT 
1X2 5J6 608 6006CT 6116 65H7 7B7 12AQS 12F8 27 
2AF4 5114 GRA6 6807 6DE6 65J7 7E18 12AT6 12.5 35145 
26N4 ST8 61ns 68118 60G6GT 65.7 ?Ca 12ÁT7 (2n7 3585 43 
2CY5 SU4 6008 Gass 60F6 65L7 7C5 12ÁY6 12L6 35CS SOAS 
3Á5 SUS 68D6 60956 6E5 6SN7GT 7C6 12AÚ7 1207 35W1 SOBS 
3ÁL5 5V4G 68E6 6BZ6 6F5 6507 7C7 12ÁV6 12115 3525 5005 
3ÁU6 SVSGT Gars 6827 ses 65117 7E5 12ÁV7 I25Á7 36 SOLE 
38C5 5X8 60666 6C4 6146 674 7E6 12AX40T 12SJ7 38 56 
3BN6 513 66146 6CÁ8 6J5 678 7144 % %L 1214X7 125.7 19.44 BO 
3BZ6 SAG 6BJ6 6JS GUS 7E] 12ÁZ7 125N7CT 41 04 624 
3CB6 6ÁB4 GAS5 6CD6G 6J6 GUS 7F] 1284 1250] 42 11]23 
1 -YEAR GUARANTEED TV PICTURE TUBES. These tubes are made only from new parts 
and materials, except for the envelope which is re-used. MAIM' 1.1.1. 01 t.ru-ex du 110t ulude dust Add Addlllmnd s , n..n.,.o , nd 2.1. wlh...- 57.áu. 
Dee. ef011.le,l when ,1041 is ,,I 4relm1 d 

,ll 
sl,r.nlolx...t WI/es-01.011 extra. t'IClure lul.ex hb'twrl only tocontinental USA anti (':Intl.- F.0.11.. Harrison. N.J. 

tuli1'4 07.99 16814 11.91117111-1 10.00 39111'4 17.N0 _IAW1'S 17.19.1x1'4 l'. 1!. 
121.1.1 19. 1011tí.1.4 11.19 1711'1 111.0011A1'í 21.40 214'1'4 17.2021)1.4 IN. :19 
1411 Có41109 I0101 11.110 1701'1 I:I.N,. 11.\1.1.1 15,7!, 2 IFI4 IN,a!,2IZP4 17.40 
IRA 04 I11.119 17AVi'S 15 .49 1 ,40.1 1 s.N0 11Á1P.1 15.79 21t1l'1 2. :1!,jÁ1'1 :11..111 1.1.x4 12.1117111.1 13.10 IOWA 1..30 21At1P4 17.99 211'1'1 11.1.991111.4 27.70 
11!Oí'1 18.99 1714 11.01171Ir1 10.90 21AU4 1N.7921 SVI'a 17.102.1981 29.70 Ium, 12.19 171.'.1 17.59 2014,4 11.89 2IASP1 1N.70 
ATTENTION QUANTITY USERS! stilt Ili.fo.mt, Are t'o,lrs . . . Call or Write For Oil 
Iota, Tithe . Private Isabel" Special! Attention Branding H.Pt. SO1t. 
Money Cheerfully Refunded Within Five (SI Days. II not Completely Satisfied! 

Sensational 
Otter! 
ce" 

TUBE CHECKERS 
--Self Service 

each 5 FOR Our 
Worehoust TRU -VAC . It PAYS YOUR POSTAGE -on ....lees of 55 r in US.'. and 'rerrI to -use. 

send .approximate p.. -rage . :all :,n and ferelttt , rd^r.. Am' order le.. than 81 re- 
Cquires 25e handling eltarlri-`1 :4.1 

'_'.S" 1. t n. 9. All order, .uhiect 10 nl for . 

. nmlving with Federal regulation,. Me tog.... I1 :.latem,nt appears In ail Truth 
advertising: TulSs in this add may he FA' Tog( -I . pit \95 or t.SE9 tubes and are cle:ml 
Icial ke.I. 

TRU-VAC Dent. 

Harrison Avenue Box 107 Harrison, N. J. HUmboldt 4.9770 

May, 1962 101 
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LORAN APN -4 ' !I1, u FINE QUALITY 
p ï_d : NAVIGATIONAL EQUIPMENT 

INDICATOR ID 6U non i 1 CC1.151.0 $$49.50 
R -9B APN comp ,. 

- 

Receiver -Indicator $89.59 
INVERTER POWER 1 

14.143.10 
12 Voit Invcrter power Supply. I. '. l.1 1:. 
Shock M for ab0 52.95 

We Y pied 11 f ... parts for above. 

,u1,47._ 

D 
p 

a, 

LORAN APN /4 
OSCILLOSCOPE 

Easily converted for use on Easily 
radio -TV service bench. 
LIKE NEW! Less tubes, but t 1.4 
inytluding 
type SCPI 

5" 
only 

Scolie. $14.59 

LORAN R -65 /APN -9 RECEIVER 
8 INDICATOR 

In slop- awl 4 

from known 

1.5e. el 
e Of dhe . - 

,d . rx r -t- $79.50 Value 51200100. Our Palet ... ....... 
C.1:.1. -- 1u11es, crystal and ,'1 -or, bu{ wltb 9.1.1 

/:.1;. time S29.S0 
INVERTER POWER SUPPLY. INPUT: 24 V DC. OUT- 
PUT: 115 V AC. 800 cy. BRAND NEW 549.50 
12.VOIt Inverter Power Supply. Like New P.I'.It. 
Shock Mount for above ............ ..$2.95 

y acompleteline of spare parts 
available. 

CWeecarr 
diagram connecting plugs 

for above. 

200 to 1750 Mc In 3 bands. 28 V DC 
power supply required. Complete with $21.50 15 tubes. BRAND NEW Y 

ASB -5 'SCOPE NDICAT t - 

ing nil tubes.goth., 
BRAND NEW. i 

N with SBPn 'Scope 
Tube. Originally Used 
in Nnvy Aircraft 
RADAR e0 rat. \ 
E ronoerted for 
AC Operation. tC c VALUE 00! 

6 OUR LOW 15.95 
PRICE.. 

BENDIX DIRECTION FINDERS 
For commerCial navigation on hoots` 

- -. k.': 1.7 Mo. 
n ..,,..... $19.50 

S 4.95 
A. 

- 
e.. 18.95 "üIt %I) ß6w 

't 
27.90 

- I Oil, for ,.. 4.95 
.I\:._ sr. ,011, d o'n,ol 115 2.95 

APN1 FM TRANSMITTER -RECEIVER 
420 to 60 MC Aircraft Radio altimeter equipment. 

4.955. 
S 1- VRISO; Complete with tubes. brand new 0 

APN -t eat. Used 56.95 
$9.9 5 

4RN -5C AIRBORNE Equipment. i,l- 
do .: 1:, 11 ,rh, 1111. Tu : 

:Nlc -It?. 
ní12 

N7. . ii,5J5, r. .It t 1..1 
on 6 channel -. Ink. new. o 51295 

:. BC -906 FRED. METER -SPECIAL sa Cavity type 145 to 235 Me 
A Complete with antenna. Manual 

INS. I and original calibration charts 
Included. NEW. 

Itl1 I . I PRICEOW $11.88 

BC -221 FREQUENCY METER 

Un:.l.lulated 

I 
,a a SPECIAL BUY! This excellent lrerlueney 

sl standard is 
a 

original 
from 

125 KC to 20.000 KC with crystal Check 
Points a all ranges. Excel. Used with 
original 

in 
Book. Cystal and 

all tables -LIKE NEW 
... $72.50 Modulated ....$99.50 

SCR -625 MINE DETECTOR 
Comnlete portable notnt In original .irl: in'. i Ilh all o.e.- .pries. i1 -:.1 N. i.1. S21r50 

O 
.. 

G`i 

l,lnr,.. iiltll t 
nsn-urtlon summary. 

TS -16 /APN TEST SET 

l illoa Lida° n_ nd>lu'm 
,.ii to 

1.'k , cir- 
cuit- ,lil 

nrtool. 
.,1 ,..,.1..'u'Itl, of1.l 1altler. 

'`LuJit to 
,clrs. la /1.14 V.00 Input. 

Ile, coAND Ncable,, 
S 11 95 BRAND NEW ES t 

2 VOLT BATTERY "PACKAGE" 
1 -2V. 20 Amp. Hr. Willard Storage 

Battery. Model .20.2. 3" a l' 
y h1yM1.. 

synchronous j 1 -2 a prang Synebronoua Plug -i1.. 
Vibrator .... 1.49 

1-Q Ìl5, Bolll: "éieetroiÿté ifor 21.45 
ALLCeURANO NEWI $5.45 Combination Price 

WILLARD 6 -VOLT MIDGET 
STORAGE BATTERY . In r -,- tln,l:,,d Elretr- 3 Amp. Hour. BRAND NEW. a +k- It I. 

r 
I 

v 52.95 
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ATTENTION: IMPORTERS -EXPORTERS 
; 

i 

e We specialize In the export of eleCtronic equipment. 
Parts- and Electronic duties at LOWEST icily 
Prices. pli 

own 
w packing and tin made directly 

Sian warehouses in NYC, to give yri sun - 
stardial savings in "hondl,ny costs: YOYr inquiries in- 
vited. 

BC -603 FM RECEIVER ¡ 20 TO 21.9 MC. 5o Ear. USED 7` S21 
BRAND NEW . .. .... $22.50 u,1, nuMbutton or c °.0 tao - t nl. Complete with speaer el h. 
and ten tubes: 0.8Aí'7, 1 -1335. 2.12507, 
16111+. 1.6,51. 2.091.7. 

M 

. '/' 

l 'NTll.t 91:1' OF lu T1:H1.5 1'011 ABOVE 
brand new in original 1,0x1.- 53.95 

n FT.237 MOUNTING BASE for 110.603 Rev $5.95 :nil ill'.Ito 1 Nnaltttr. Brand New i 
t2 or 24V Dynamotor for Above. l' --ed 54 .23 Brand Ne i-.1. New 55.50 
AG (sa ri.1 Retell 

Muir:. kart 
Lll 'IC. $33.33 

... < .,: .. a 10e BC -603 683 Receiver!. C n Ing I, .e. BRAND NEW $4.95 
'604 TRANSMITTER- tomnanton for BC.nlla 

o , With all s. BRAND D \1.W $7.95 
l- Section Antenna for BC -804. 684 Transmitters. 

11 .. with mounting h:l -e BRAND 51:5'. $4.95 

c 

We carry a COMO1er 1.11' of spa parts for above. 

SPECIAL! BC -603 FM RECEIVER 
CONVERTED FOR FRED. RANGE 35 to SO Mc. 
BRAND NEW! Checked out, perfect working con- 
dition, ready for operation. Conti or Push. 
button tuning in 35 to SO Mc. range. 
SPECIAL $34.50 

AC POWER SUPPLY FOR BC603, 683 
Intercbao nea1,le. vol.,,... dbuam ulor. ills Dl.-ll' 
VDC`I© 80 Ma. 24VACA61 

2 NAmLpnt.b. IYwIJ$10.25 

Complete 240.page Technical Manual for C 601 
604__ 

SCR -522 2 -METER RIG! 
ref,, i,C 1 ' VHF Transno lier- rocs-ivi -,. 100.156 M 

ulis. Xlal- Controlled. Amplitude modulai.: 
- 1TrAomli lie' -Ñ ceivter. Complete 

condition. 
ton., too rack And 

metal` 529.50 COMIIIN.ATION c. Used ' s`. 
.w $49.50 

FAMOUS BC -645 TRANSCEIVER 
15 Tubes 435 to 500 MC 
Can be m,elined for 2.wa f 
comet, 

. 011 ham band 420.450 
Me. 

titizene i adlo 460.47) 
me. ixed anti mobile 450- i e 

' 
television expert- . 

mental 470.500 mc. lr 
01$ (tubes alone worth 
niong than sale price :, 4- 
7F7. 4 -7117. 2 -7E0. 2- 
(11,1. 2-055 and 1 -W f:. 
01104. 

Now covers 4ß1u lu NEW 
' 045 wUh tube-. 1 -- n u e, 

"ill -IIPllly calory reran 
$19.50 Slomonn ueigtat 25 lbs. SPECIAL' 

Pe 1010 Dynamotor- 1222245 Input 57.95 
UHF Antenna w embly 2.45 
Complete Set of IO Plug. 5.50 
Cnnhol SOS 2.25 

SPECIAL "PACKAGE.' OFFER: 
BC -1145 'Transceiver, 0ynamotur and all aceessor.. 
above, l'11MIPI ETE, (BRAND NKW, $29.50 

.1; 

SS 

I TS -100AP 'SCOPE 
p P, EXC. USED (worth $750) 

OUR LOW PRICE 53 950 
Brand New ¡69.50 

:, be used with lin`.., 
yanin,l pn'."'I 0 -A 'old N -o sI on 

% 
circular $weep as preelsion r:,: 
calibrator. Self-contalned - 

I eta. ease 120/5 : lai 
\' e Q ,le,,, For I se XV so to t _ 

like _- -- s At'. all used. ling 
:.with all tune. '.nrl including 

iM, and r.rt. runt. 

AN /ARN4 RADIO COMPASS EQUIPMENT 
IllLlllt elfir11.111 airborne direction finding 'stem. 
Frequency: 100 to 1750 Kr IP .1 bands. $19.50 211.5 DC V Power Input. LIKE NEW.. 

LIMITED QUANTITY SPECIALS! 
0c II' moniLE RECEIVER 0 bands. 1500 Ke to IA 

V Ill n ...... Ow 1.151- Sew $79.50 
RC '. 

5,1.1 L, :11, Er 1 ntlnunus Tuning. 
I., ., operation. I.Ikt. New .569.50 
BC312 RECEIVER 1.5 lu I8 Sic. AC ont'. Excellent 
l' -e.l ..... 579.50 
BC -348 SUPERMET RECEIVER "nn b non Kr and 1.5 
In N0 Mc. Voice. funs` t'W. Self.'m0:,:ned Iron, 
motor for : V n,' . I.is.. 'e..' $89.50 
ARW.26 RADIO REMOTE CONTROL RECEIVER n0 Io 

rrlrr frei1. Haller. Less Batts. 
Inelulle- is - 0:1. 7:104. ' Brand New $9.95 

tIRADAR AN'APTSII AIRBORNE SET. with tubes, 1.1ke 
New $49.50 

YYY 

TG -34A NEVER. -1.n. Ilk, ne.. $24.50 
Tape for ahoy?. each 81.85. Set of 15, P.V.R. 

enetlms'p `éuieacmnt SCHEMATIC DIAGRAMS .q . 65o 
Please cime 25.. Deposit with osr- Satanic CO.D.. 
or Remittance In Fun. 50e Handnn0 Charges on all order. 

rader 55.00. All statements F.o.. Our Warehouse. N V C. 
All Merehand ts s,.nient t1. 1140044 Sale and rIce Change 

G & G RADIO SUPPLY CO. 
Telephone: CO 7 -4605 
75 -77 Leonard St. 

New York 13, N. Y. 

ARC -3 
RECEIVER! 

la Ali Ali 
Tutees EXC. 
Used 

t 

Like NEW 521.50 
Used .. .. 514.95 

l-COntrolled 17 -tube super., tunes from 
to to 156 MC.. AM.. on any 8 pre- selecbd 

[flannels. 23.volt DC power Input. Tubes: 1 -9002. 
66ARS. 1.126X] 3.12507. 1 -9001 1.12146, 
2- 125147. 1.125LT. 1.12A6 

ARC -3 TRANSMITTER 
15 

rein unit 1,o lI' le. ' ., \IC' d IS 
preeeiected chain...I:. ' -I !,.. ,-cal on" 

1,.11e'1. pros', Ian lone and v 1.. 1001111.4144111. 2 1 

' Power input. 
lone 

u1 il ál695 Julies: 3.0V0. -832A. 1 125117. 1.1135. V 
- .01.6. Exc. Used Only 
Like new Condition ......... . ........$26.50 
t II :.l US I I BU ITlN CONI1t01. 1105 35.95 

S' 

R77 /ARC -3 RECEIVER POWER SUPPLY 
frn. I ill l' , t :'let 'il'. 1)1i'113'T: 275 V 

$ 15.00 
519.95 

AN ART -I3 100 -WATT 
11 CHANNELS 
2001500 Kc 

2 to 18.1 cc i 9Vrm f 44 

XMTR 

'- ' 

. ' $605.0 
l1 

used 

r/ vI I1II 
Complete with Tubes ` r 

an.:n1Oel, A51. Collins Annual., 1 ll 
"MI'MV. Quirk change to u of ten preset ctian- 

I- o 1:11 tuning. Speech'lamplifi'r /Clipper u 
Aeon or Inaglnllc mike. RigM1ly' -1: 11r, 1011,1% 

nee 

aE11 Built 111 XUII controlled cabin 
'.9 iii- modulate. 8I:1 in limn tale to II' 'r. I:, -, 'co' 

1 Ideal 1tOT Ham buy at our low )price! orig. cost 

a'Ñ,A97-13 XMTR at above. Like NOW .. $99.50 
0.16 Low Freo. Cool fOr 
249 Dynamotor 0for ART -13 

ART.13 13.ói 
Same 

a above less meter. 39.50 
We carry complete ne Of pare Darts ¡Or above. 

APR.I Nat'' t'IIF.U1 iF 
u -. 

radar - ar'la Receiver, x SI 
11511 Mc In 2 nand, NEW ..$79.50 

TUNING UNITS for :Moir: : TNI. TN2, T \:1. BRANO 
NEW. each $39.50 

I 

AN. APR -4 RECEIVER only. 38 to 4000 SIC In 5 tuning 
nit range.. High herelsion lab Instrument. 1,01 115 

V non es. Like New $79.50 
Tuning Units TNIU. 17. 18, 19 each $39.50 
Tuning 1nll TIS I $149.50 r SCR -274 COMMAND EQUIPMENT 
Type 

SCTetiWITH TUBES 
Used NEW 

HI -.153 Ileteleer 1'm- 550 KC 512.95 51.99 
lit-.151 Iteeelter 5.O MC 10.5 12.45 
'n'. -15 i Receiver 11.11 Mr---------- I 1.50 13.95 

:, to :t Me. Receiver Itrand New 917.95 
110 Voit AC Power Supply Nit. for all 

lb, -,,. o,'l'lete wdll meta 

271.N 

$7.95 u ,`,L e,i. rap.' uer .511.50 
SPLINE!! ' TUNING NNOS for 2-r'N and AIIC5 
11E41:151 :115. Iii. BC -154. RC -451 m,,,l 49C other=. Only i 

2.1 t..:1 Mc. Trap -ln Itter. Brand Nei.' 512.95 
S C.457 TRANSMITTER -4.5.3 Mc. consplete 
. i11 all 1gbes :ml crystal. BRAN" NEW.. 59.75 
B C 45R TRANSMITTER -5.:1 to 7 Mc. Complete 

1,d cry -Ill $9 IS Inn \U Ni 11 ......... .... 
T19 TRANSMITTER W m.e. 

co 
piete with $9.95 

all 1010 s and eryStai. 
ale --US" 1.1,h11auir ....USED 3.5 NEW 5.95 
MD7 Modulator. Like New........ .. ..59.95 

ALL ACCESSORIES AVAILABLE FOR ABOVE 

MOBILE- MARINE DYNAMOTOR 
Model DM35 

Innalt 12v OC. Output: 629 v 
DC 2 225 Na. for preeeto. 
talk 
Shpg. wt. 14 lbs 
BRAND NEW P.U.R, 

OTHER DYNAMOTOR 
Input 

DM-32A 28V 1.1A 
DM-33A 28V SA 

28V 7A 
DM-340 12V 2A 
DM53A 280 1.4A 
DM-64A 12V 3.1A 
PE73C 28V 20A 
PE-86 28V 1.25A 
D M42A DYNAMOTOR. 

a 

A/1111111 .-.1 
N 

V 111 r 

a. wt. .t 11.-. 011\\'I 
DM-37 OYNAMOTOR.I 
not , . :, n, ". -_.. 

Type 
VALUES: Excellent BRAND 

Output Used NEW 
2SOV .05A _2.45 4.45 
575V .16A 
540V .25A 1.95 3.75 
220V .0804 4.15 5.50 
220V .080A 3.75 5.45 
275V .150A 7.95 

1000V .350A 8.95 14.93 
250V .0504 2.75 3.85 

il 
I l'. '\In. '.rad 14l l0 5' III 
I ell $6.95 \1- 

V IIC r. .2 5. Out- ,. , 11 

Itlt A \O SIW. l uell 53.25 

h 
. 

MICROPHONES EXC. BRAND 
Model Description USED NEW 
T -17 Carhon Rand Ulke .. ..$4.45 - .$7.95 
17S -38.. Nasv Type Carbon Hand Mike 3.95... 5.75' 

HEADPHONES Excellent 
Model Description Used NEW 
HS -23.. High Impedance 62.19.. $4.49 
H 5 -33.. Low Impedance 2.96.. 4.59 
HS -30 ...low Imp. , /eaMerwt.I .90... 1.65 
H.16 U 111gh Imp. ,2 uns., 3.75... 7.95 II 
TELEPUONICS -600 011m 1 as 1,110e,lnl150 III.AII- 
S1:1. ItANII NEW. P1:11 riMlit S3.25I 
Enr30711 t, 

Cunts. with e1.7.iIst' -liaand 
.IK21i .lack -50 - - - - a M - a B1 - - - - - a M 1 
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ELECTRONICS MARKET PLACE 
RATE: 60C per word. Minimum 10 words. July issue 

ELECTRONICS 
ENGINEERING 

AND INSTRUCTION 
USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog Free. (Courses 
Bought.) Lee Mountain, Pisgah, Alabama. 

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. 
BACCALAUREATE Degree Correspondence Course Direc- 
tory: $2.00. College Research, North Highlands 15, 
Calif. 

NEW Trade? Electronic, Mechanical Drafting pays $150 
week. Send $2 first lesson, complete home study 
course $25. Prior, Inc., 23.09 169 St., Whitestone 57, 
New York. 

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 Jeffer- 
son Blvd., Los Angeles 16. California. 

TUBES -TV, Radio, Transmitting And Industrial Types 
At Sensibly Low Prices. New. Guaranteed, 1st Qual- 
ity, 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 IOC. 
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(RT), Nanuet, New York. 

PROFESSIONAL Electronic Projects -Organs, Timers, 
Computers, Industrial, etc. -$1 up. Catalog 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. 

PRECISION Resistors, carbon -deposit. Guaranteed 1% 
accuracy. Millions in stock. r/z -watt, 8C. 1 -watt, 120. 
2 -watt, 150. 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. 

ELECTRONIC IGNITION. Transistorized improved per- 
formance, saves gas, tuneups. Coils, Kits Conversions 
Literature. Palmer Electronics, Carlisle, Massachusetts. 

INVESTIGATORS, write for free brochure on latest sub. 
miniature electronic listening devices. Dept. 6B, 11500 
NW 7th Ave., Miami 50, Fla. 

HIFI Amplifiers, tuners, speakers, radios, telescopes, 
microscopes, cameras. Free Catalog. GM Photoelec- 
tronics, 623 Gay, Knoxville 2. Tennessee. 

BUY Shavers Wholesale: Remington Roll -A -Matic 
$15.50; Remington Lektronic =660, $20.55: Reming- 
ton Lady =261, $10.25; Norelco Floating Head :7870. 
$14.98. Send check or M.O. plus 50C postage and in. 
surance. Fully Guaranteed. National Appliance Trad- 
ing Co. Waterville, Maine. 

"FREE-R.C.A., C.E. etc. tubes catalog. Discount to 
75% from list. Picture tubes at 75C inch up. Parts, 
parts kits at 1 /10 original cost. Needles tube testers, 
silicons, seleniums 7" TV bench test tube- $6.99- 
and more." Arcturus Electronics Corp., E.W. 502-22nd 
Street, Nion City, New Jersey. 

SIGNAL Generator - Measurements Model 84 -300- 
1000 M.C. Engineering, Research purposes $500.00 
others. O'Keefe Surplus Aircraft, Box 284, Stanhope. 
New Jersey. 

TRANSFIRE TRANSISTOR Electronics ignition. Save gas, 
tune -ups. Improved starting, high and low -speed per- 
formance. Parts. CgtKilete Kits, Conversions, from 
$34.95. Palmer Electronics, 2W, Carlisle, Massachu. 
setts. 

May, 1962 

closes May 3rd. Send order and remittance to: ELECTRONICS WORLD, One Park Ave., N. Y. C. 16, N. Y. 

DO secret investigative work with supersensitive, 
directional microphone. Detects a whisper at great 
distances. Easily constructed for $7. Step by step 
plans $2. Dee Company, Box 7263.0, Houston 8, Texas. 
CONVERT any television to sensitive, big -screen oscil- 
loscopes. Only minor changes required. Plans $2. 
Relco, Box 10563, Houston 18, Texas. 
TV -Radio Service Dealers. No investment -We furnish 
you complete consignment stock Raytheon tubes. 
Regular dealer discount plus premiums, free caddy, 
advertising. Write for information OMEGA Electronics, 
Dept. -E, 397 7th Ave., Brooklyn 15, N.Y. 
SAVE Up To 60% On Heathkit's Big Discontinued -Kit 
Sale. Send for Free copy of special Heathkit Discon- 
tinued -Kit Sale Brochure! Lists dozens of brand new 
kits for hi -fi, stereo, amateur radio, test instruments, 
etc. you can buy at big savings. Write Heath Company, 
Benton Harbor 15, Michigan. 
RAL -6 Receiver, $42.50. List 1CC. Steller, 624 Drumm. 
wood. McMinnville, Oregon. 
MICROPHONE kit, carbon -Complete with switch, cable, 
etc. $2.75 each, 2 for $5.00 -Assembled $3.00 each. 
Dart Electronics 6409 New Utrecht Avenue, Brooklyn, 
N. Y. 

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 -W9IVJ We Buy Shortwave Equipment For 
Cash. 7361 W. North, River Forest, III. Phone PR 
1 -8616. Chicago TU-9-6429. 
CASH or Ham Gear: For all types Military Surplus PRc. 
GRc, UPM and teletype. Philmar Electronics, Morrison. 
ville, New York. 
UP)( -4 Wanted. Surplus IFF ground station. Advise best 
price. M. W. Pflaumer, The Hill School, Pottstown, 
Pennsylvania. 

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, 811 -G. Centinela 
Ave., Inglewood 3, California. 
DON'T Buy HI -Fl 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 
Catalog /bargain closeouts. (Columbia) 9651 Foxbury, 
Rivera, California. 
SAVE 30% Stereo music on tape. Free bargain catalog/ 
blank tape /recorders /norelco speakers. Saxitone, 1776 
Columbia Road- Washington, D.C. 

HIGH -FIDELITY 
PROMPT Delivery, We Will Not Be 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 -New HiFi Bought -Sold -Highest Prices Paid or 
Trade -In allowance. All guaranteed. Douglas Radio 
Bargain Basement. 128 -P Greenwich Street, N.Y. 6, 
WOrth 4.0470. 

SONGWRITERS, with publisher contacts, want song 
ideas. Share royalties. No fees. Send poems: Song- 
writers' Associates, 1650 Broadway, N.Y. 19.V. 

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 789 -C97, York, Penna. 

PATENT Searches, $6.00. For free Invention Record, 
and "Information Inventor's Need," Write: Miss Hey- 
ward. 1029 Vermont Avenue. N.W., Washington 5. D.C. 

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 "CF 
-144 pages- Astronomical Telescopes, Microscopes, 
Lenses, Binoculars, Kits, Parts. War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 

FREE Photo Novelty Mirror or button with roll, 12 
jumbo prints 400. 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 IOC for mailing cost. Empire Stamp Cor- 
poration, Dept. Z2, Toronto, Canada. 

HELP WANTED 

HIGH Paying Jobs 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 -ZD, Olympia, 
Washington. 

TAKE Bachelor's and Master's Degree correspondence 
courses from leading universities! Directory of 6,000 
courses -$2.00. College Research, North Highlands 
15, California. 

BUSINESS 
OPPORTUNITIES 

SECOND Income From Oil Can End Your Toil! Free 
Book and Oilfield Maps! National Petroleum, Pan - 
American Bank Building -PP, Miami 32, Florida. 

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. 
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FREE Book "990 Successful, Little -Known Businesses." 
Work home! Plymouth -555W, Brooklyn 4, 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. 
"WANT to go in business" -will finance proposition of 
merit. Write Box 577, Electronics World, One Park 
Avenue, New York 16, N.Y. 

MISCELLANEOUS 
PRINTING Presses, Type, Supplies. Lists 4C. Turn - 
bough Service, Mechanicsburg. Pa. 

WRITERS! -Free list of top -notch USA markets for 
short stories, articles, books and plays. Write for your 
free 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 
$1. Guaranteed. Crystalco 28 -BEW5. Millburn, New 
Jersey. 

AUTHORS! Learn how to have your book published, 
promoted, distributed. FREE booklet "ZD," Vantage, 
120 West 31 St., New York 1. 

HYPNOTIZE Unnoticed, quickly, effortlessly, or re. 
fund! Thousands satisfied! $2, Timner, Box 244. Cedar - 
burg, Wisc. 
HYPNOTIZE! Practical Instruction Course $1 (guaran- 
teed!). Crystal's 28 -PEW2, Millburn, New Jersey. 
GIANT Arms." Dr. Young's. D.C. Revolutionary dis- 
covery. $2. Satisfaction or refund. Gaucho, Box 9309 - 
E8, Chicago 90. 

"HYPNOTIZE ... One word ... One fingersnap," on 
stage. Satisfaction -or refund. $2. Hypnomaster, Box 
9309 -E8, Chicago 90. 

SEND 

ELECTRONICS WORLD 

EVERY 

MONTH 

came 

"Electronics 11or14 

address 

city zone state 

Check one: 
3 years for $12 2 years for S9 

1 year for $5 
In the U. S., and possessions. 

Payment enclosed 11111 me 

Foreign rates: Canada and Pan Ameri- 
can Union countries, add .50 per 
year: all other foreign countries. 
add $1.00 per year. 

New Renewal 

Mail to: ELECTRONICS WORLD 

Dept. EW 562H, 434 S. Wabash Ave. 

Chicago 5, III. 

104 

ruggedired vagis within the frequency ranges of 
:hl to 500 mc. Detailed electrical and mechanical 
descriptions of each t pe within the several an- 
tenna groups includes information on specific 
fratpunn, weight, nominal h.p.b.w. lin degrees) 
for E and II pluses. ber of driven elements. 
maximtnn s.s. AV. r.. III:1Ximuni power input 
(walls). and uontinal gain above isotropic source. 

48 

RESISTOR DECADE BROCHURE 
Clarnstat \Ifg. Co., Inc. has issued a four - 
page brochure covering a new rack version of 

its passer resistor «Intl 
, 

, w s ell as providing 
detailed information on its standard bench unit. 

he bro.hun is sil mails an instruction tuaut- 
ual as well as a desctiptise item. It provides 
t hcurv. circuit diagrams. general application, 
operation information, plus parts and speciftea- 
tiun details on the product. 

49 

FERRITE BEAD CHOKES 
Nat' :d Radin C pane is flow offering 
a complete data sheet cos eri ng its newly de 

veloped ferrite bead chokes. 
The sheet provides full technical details and 

information on this new type of choke. Typical 
curves for choke impedance and a.c. resistance 
am includes'. "I hest chokes. functioning mure as 

frequency- select ive resistors than as conventional 
chokes, disappear electrically fr a circuit at 
low (rep u. iu i es. 

50 

ELECTRIC CONNECTOR CLIPS 
\huIler Electric C pans is flow offering a 

copy of its c prehensive catalogue ont t- 

ing a complete line of electric connective clips 
and insulators. The new publication describes 
.Les, materials. characteristics. and capacities of 
the titi products in the Iinc. rra ich ranges from 
ti in i atu rire(I alligator clips to welding ground 

clamps. 
Insulator sires and dimensions arc charted, as 

well as those of clips. with complete shipping 
information provided as well. 

SERVICE COMPONENT CATALOGUE 

E i 
ConscllDubilier Electronics Division has just 

JI issue(' a .IOpage catalogue describing a c 

ploc Ii ne of capacitors, vibra lors, rotors, decades. 
test instruments, and other standard -line com- 
ponents. 

The publication includes selection data such 
as design features. temperature ranges, material 
construction, application. and prices. Il is nl 
special interest to radio and TV service tech- 
nicians. 

52 

SERVO INSTRUMENT BROCHURE 
North Atlantic Industries, Inc. has issued 
a general -type brochure covering ils line of 

serras indicators, repeaters. and data converters. 
The instruments described in the four -page cata- 
logue meet the system requirements of airborne. 
OSE. and industrial applications. 

The brochure features a ready reference chart 
on the significant electrical and physical char- 
acteristics of eight servo instruments. 

POWER -SUPPLY BULLETIN 

53 
Microdot Inc. has published a singlepagc. 
two.color data shcet which describes its nus 

transistor -regulated a.c. -d.c. power supply. The 
supply is regulated to -- from no load to 
full load and can be used %vita equipment 
modules or stations repairing independent lava 

power. 
Full details and specifications are included in 

Bulletin ACPS -I. 

NEEDLE REFERENCE CHART 

54 
Duotone Company has issued a I!162 edition 
of its replacement needle wall chart listing 

needles by manufacturer's cartridge nimber, in 
tlicatcs illustration of needle replacement. record 
speed. and needle number in diamond. jewel, or 
osmium. The list price for each needle is also 
given. 

55 

ADHESIVE -SEALANT BROCHURE 
Ilysol Corporation is now offering a new 
four -page bulletin covering hundreds of pos- 

sible bonding and scaling jobs which can Ibn 

handled with its "Epoxi-l'au It kits." -f he publi- 
cation shores how the ptnduct m.it be used in the 
production and repair of parts made of metals, 
wood, glass. plastics, and cramons. Complete in- 
formation un the prnpert ies of lis c basi, formu- 
lations are included in Bulletin 

56 

ACCELEROMETER DATA 
Electra Scientific Corp. has !MI I i sh ed an il. 
hutrated. six-page broclnu 'alliait carries 

performance chase tcl'istin u11 its net. Sel les -11111111 

accelerometers and o:uuisdninrl :nnplilìeis for 
shock and vibra lieu anah sis. 

ln addition to the accelerometers, the booklet 
includes specifications on the 'titis lei ES -1'.111 air- 
borne type cmiutr- tolloacr and the Mortel ES- 

680 laboraton' :unplilit t. . 
WASHINGTON HAMFEST SET 

TI II: Nat al Capitol V.H.F. Society 
of Washington, D.C. i holding its 
al Ilanafest at noun un Ma, 2701, al 

the Marshall (tall .% sentent Park, 20 
toiles s hcast of NValsingtun on the 
'.11111, land shore of the Put al. River. 

UI luaus and their f; 'lies :uc invited 
tu attend what pr ries lo be at fun -tilled 
afternoon in Mas. 

ldditional details un this event eats he 
ubta d by acting H. T. \ientyer, 
W3)íkl( :, 3323 Catndeo tit., \\ Keaton. 
Star. land. A 

PHOTO l'It1 :111TH 

Page Credit 

14 (top) E. J. Sharpe Instruments, Inc. 

14 (bottom) Allied Radio Corp. 

16 Lafayette Radio 

26, 28 General Radio Co. 

32 (top), 35, 36, 37, 38, 58 
General Electric Co. 

32 (center) U.S. Army Photo 

32 (bottom left) ACF Electronics 

32 (bottom right) ... Barnes Engineering Co. 

33 (top) Westinghouse Electric Corp. 

33 (center) ... Radio Corporation of America 

33 (bottom left) IBM 

33 (bottom right) Borg Warner Corp. 

47, 48 (bottom) Taylor Electric Co. 

48 (center) DuKane Corp. 

62 Eico Electrical Instrument Co. 

Answer to 

ELECTRONIC CROSSWORDS 
(Appearing on page 79) 

R A D I O T E L E P H O N E 

M V N E G H A R T L E Y 

S 

H 

IF 

FCC 

M 

C R E E N 

V 

E L E C T R 

F N M 

G A S 

E AD G 

DC 
T D B 

I L M Q 

B A S E E C O 

M E S H C M K 

O D E R © E 

D Y íYB E 

V L F T 

MHO 
E M F 

N U E E 

A R M S T R O N 
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RAD-TEL Sells Direct to You...At Low Prices 

The Leading "DIRECT -BV- MAIL" Tube Company 

RAD -TEL'S Qualify Brad -New Tubes 

The Sign of 
RAD -TEL'S 
RELIABILITY 

1 -Year Guarantee -1 Day Service -Over 500 Types in Stock 

FREE! fJ Send For New Tube 
& Parts Catalog 

nSend For Trouble 
Shooting Guide 

NOT AFFIVATED WITH ANY OTHER MAIL ORDER TUBE COMPANY EACH TUBE INDIVIDUALLY & ATTRACTIVELY BOXED & BRANDED RAD -TEL 

Qty. Type Price Qty. Type Price Qty. Type Price Qty. Type Price Qty. Type Price 
OZ4 .79 5CL8 .76 6B17 .79 6EY6' .75 12AE6 .43 

._ 1AX2 .62 5CM8' .90 6BK7 .85 6F5GT .39 12AE7 .94 
_._1B3 .79 _5CQ8 .84 6BL7 1.00 6FE8 .75 12AF3 .73 
_.1DN5 .55 5CZ5' .72 6BN4 .57 6GH8 .80 12AF6 .49 
__1G3* .79 5EA8 .80 6BN6 .74 66K6* .79 12A16 .46 
_113* .79 5EU8 .80 6806 1.05 6GN8* .94 12AL5 .45 

1K3* .79 516 .68 6BQ7 1.00 6H6 .58 
1R5 .62 _ 5T8 .81 6BS8 .90 615GT .51 12A05 .60 
1S4 .59 5U4 .60 6BU8 .70 616 .67 12AT6 .43 
1S5 .51 5U8 .81 66X7 1.02 6K6 .63 _ 12AT7 .76 

__1T4 .58 5V3 .90 6BY5 1.15 616 1.06 12AU6 .51 
_1U4 .57 5V6 .56 

- 
6BY6 .54 6N7 .98 12AU7 .60 

1U5 .50 5X8 .78 6BY8 .66 6S4 .51 12AV6 .41 
1X2B .82 5Y3 .46 6BZ6 .55 6SA7GT .76 12AV7 .75 
2AF4 .96 6ABG 1.20 . 6BZ7 1.01 6SG7GT .41 12AX4 .67 

_ 2BN4 .64 6AB4 .46 6BZ8 1.09 . 6SH7GT .49 12AX7 .63 
_ 2EN5* .45 . 6AC7 .96 6C4 .43 6517 .88 12AY7 1.44 

3AL5 .42 .. 6AF3 .73 . 6CB6 .55 6SK7GT .74 12AZ7 .86 
__ 3AU6 .51 __ 6AF4 .97 _ 6CD6 1.42 6SL7GT .80 12B4 .63 

3AV6 .41 _ 6AG5 .68 _ 6CE5' .57 6SN7GT .65 12BA7 .84 
_ 3BA6 .51 _ 6AH4 .81 6CF6 .64 6507 .73 12BD6 .50 

_ 3BC5 .54 _ 6AH6 .99 _ 6CG7 .61 6T4 .99 12BE6 .53 
_ 3BE6 .52 _ 6AK5 .95 6CG8 .77 . 678 .85 _ _12BF6 .44 
_ 3BN6 .76 _ 6AL5 .47 6CK4' .70 6U8 .83 12BH7 .77 
__ 3BU8 .78 __ 6AM8 .78 6CL8 .79 6VG6T .54 _12BK5 1.00 
_ 3BY6 .55 . 6AQ5 .53 6CM6 .64 6W4 .60 12816 .56 
_ 3BZ6 .55 __ 6AR5 .55 6CM7 .66 . 

6W6 .71 12B06 1.06 
_ 3CB6 .54 _ 6AS5 .60 6CM8' .90 6X4 .39 _ 128R7 .14 

- 3CS6 .52 __ 6AS6 .80 6CN7 .65 _ 6X5GT .53 12BV7 .78 
._ 3004* .85 _ . 6AT6 .43 6C08 .84 . 6X8 .80 -12BY7 .17 

_ 301(6* .60 _ 6AT8 .79 6CR6 .51 7A8 .68 12BZ7 .75 
30T6 .50 _- 6AU4 .82 6CS6 .57 . 7AÚ7 .61 _ 12C5 .56 

_- 304 .63 _ 6AÚ6 .52 6CS7 .69 7B6 .69 12CN5 .56 
_ 305 .80 _ 6AU7 .61 6CU5 .58 7EY8' .73 _12CR6 .54 

3S4 .61 __ 6AU8 .87 6CÚ6 1.08 7F8 .90 12CU5 .58 
_ 3V4 .58 _ 6AV6 .41 6CY5' .70 7N7 .90 12CU6 1.06 
_ 4B07 1.01 _ 6AW8 .90 6CY7 .71 7S7 1.01 12CX6 .54 
_ 4BZ7 .96 . 6AX4 .66 6DA4* .68 . 7Y4 .69 1204' .69 
_ 4BZ8 1.10 . 6AX5 .74 6085 .69 BAU8 .83 12DB5 .69 

_ 4CS6 .61 . 6AX7 .64 60B6 .51 8AW8 .93 __120E8 .75 
_ 4076 .55 6AX8' .92 60E6 .58 _ 8BQ5 .60 12018 .85 

_ 5AM8 .79 6BA6 .50 6006 .59 8CG7 .62 12006 1.04 
5AN8 .86 6BA8 .88 6016 .59 8CM7 .68 120S7 .79 
5A05 .52 6BC5 .61 60N6 1.55 8CN7 .97 12075' .76 
5AS8' .86 6BC7 .94 6006 1.10 8CS7 .74 120T7' .79 
5AT8 .80 6BC8 .97 6DT6 .53 8CX8 .93 12DT8* .79 

_ 5AV8 1.01 6BD5 1.25 6018* .79 8EB8 .94 _ ..120U7 1.01 
__ 5BC8 .79 . 6BE6 .55 6EA8 .79 8SN7 .66 _ 120W8* .89 

5BE8 .83 6BF5 .90 6EB5* .72 9CL8 .79 _ 12DZ6 .56 
5BK7 .82 6BF6 .44 6E88 .94 11CY7 .75 _ 12E05 .69 
5BQ7 .97 6BG6 1.66 6EM5' .76 12A4 .60 _ 12EG6 .54 

_ 5BR8 .79 6BH6 .65 6EM7 .82 12AB5 .55 __12EK6 .56 
_ 5BT8* .83 6BH8 .87 6EU8 .79 12AC6 .49 12EL6 .50 

5CG8 .76 _ 6816 .62 6EW6 .57 . 12AD6 .57 _ 12EM6 .79 

?RAD -TEL TUBE CO. 

May, 1962 

p'a 55 CHAMBERS ST NEWARK S NEW JERSEY 

Qty. Type 
12EN6 

_ 12EZ6 
12F8 
12FA6 

_ _12FM6 
12FR8 
12FX8 

_ .12GC6 
12J8 

_12K5 
_ 1216 
__12SA7 
_ 12SF7 
_ _12$H1 

12517 
125K7 

.12S17 
_12SN1 
_ _12S07 

12U7 - 12V6 
_12W6 

12X4 
17AX4 
17B06 

.17006 
11W6 

_ .18FW6' 
_18FY6' 

_18FX6* 
_ .19AÚ4 
_19BG6 

Price 
.78 
.53 
.66 
39 
.43 
.91 
.85 

1.06 
.84 
.65 
.58 
.92 
.69 
.49 
.67 
.74 
.80 
.67 
.78 
.62 
.53 
.69 
.38 
.67 

1.09 
1.06 

.10 

.49 
.50 
.53 
.83 

1.39 

Qty. Type Price 
19C8 1.14 

_ _19T8 .80 
21EX6 1.49 

_ 25AV5 .83 
25AX4 .70 
25815 .91 

251306 1.11 
25C5 .53 
25CA5 .59 
25CD6 1.44 

_ 25CU6 1.11 
25DN6 1.42 
25EH5 .55 
2516 .57 
25W4 .68 

__32ET5 .55 
_ 3217 .90 

35B5 .60 
35C5 .51 
3516 .57 

_. _ 35W4 .42 
_ ..35Z5 .60 

36AM3* .36 
5085 .60 

. 5005 .53 
50EH5 .55 

_ 5016 .61 
__70L7 .91 

7025 .69 
_ 801 .70 
._ 117Z3 .61 

New Tube Types Offered by Rad -Tel' 

SPECIAL! 
RAD -TEL'S TRANSISTORS 

AT NEW LOW PRICES 

SET TESTED' - Farci y 2NI 55 
2N178, 2N242, 2N255, 2N256. A 9 
2N307, 2N554, etc. ea. 

SET TESTED-- ramify 2N173, 

79 2N277, 2N441. 2N-142, DS501 

SET TESTED' -General replace - 
mrst In Transistor Radios and 
^ce umenters projects. ea. 

'Set tested in Amer. Car Radio. 
All Transistors PNP Germanium. Factory tested 
to Rad -Tel specifications. 

TERMS: 25% deposit must accompany all orders, balance COD. Orders under $5 add $1 
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 MAY, 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 it to the address indicated. We will direct your inquiry to the manufacturer for processing. 

CODE NO. ADVERTISER PAGE CODE NO. ADVERTISER PAGE CODE NO. ADVERTISER PAGE 

100 Advance Electronics 77 129 Goodheart Co., R. E. 90 155 Rad -Tel Tube Co 105 

Allied Radio 21 130 Grantham School of Electronics ... 13 Radio Corporation of America 
101 Anglo American Acoustics Ltd 87 131 Grantham Schools. Inc 91 FOURTH COVER 

102 Antenna Specialists Co., The 58 132 Gregory Electronics Corporation. 72 156 Reeves Soundcraft Corp 23 

103 Audion 70 

133 Hallicrafters 71 157 Sams & Co.. Inc.. Howard W 59 

104 B & K Manufacturing Co 9 134 Hallicrafters 95 158 Sarkes Tarzian Inc 12 

105 B & K Manufacturing Co 62 135 Heath Company 61 114 Saxitone Tape Sales 90 

106 Blonder- Tongue 16 136 Holt, Rinehart and Winston 68 159 Schober Organ Corporation, The 64 
160 Scott Inc.. H. H. 15 

107 C & H Sales Co 86 137 Indiana Technical College 70 161 Seco Electronics, Inc 69 

108 Capitol Radio Engineering 
Institute, The 4, 5 

138 
139 

International Crystal Mtg. Co., Inc.. 
International Radio & 

22 162 
163 

Sencore 75 
Sencore 77 

109 Carston Studio 70 Electronics Corp 85 164 Sonar Radio Corporation 76 

110 Castle TV Tuner Service, Inc 76 165 Sonotone Corporation 65 

111 
112 

Channel Master Corp 
Cleveland Institute of Electronics 

73 
7 

140 Johnson Company, E. F. 79 166 
167 

Sound Reproduction. Inc 90 
Sprague Products Company 2 

113 
114 

Columbia Electronics 
Commissioned Electronics, Inc 

94 
90 

141 Key Electronics Co 73 168 
169 

Standard Brands Tube Company ... 99 
Superscope, Inc 67 

115 Communication Products 
Company, Inc 97 

142 
143 

Lafayette Radio 
Lampkin Laboratories, Inc 

19 
74 170 

171 

TAB 94 
Tandberg of America, Inc 6 

116 
117 

Don Bosco Electronics Inc 
Dressner 

63 
90 

144 Magnecord Sales Department 
Midwestern Instruments 8 

172 
173 

Terado Company 85 
Texas Crystals 100 

118 EICO (Electronic Instr. Co. Inc). ... 24 
145 
146 

Micro Electron Tube Co 

Milwaukee School of Engineering 
64 
66 

174 
175 

Tokyo Shibaura Electric Co., Ltd .. 91 

Transvision Electronics, Inc 84 

119 
120 

Electro- Voice, Inc SECOND COVER 
Electronic Chemical Corp 99 

147 
148 

Moss Electronic, Inc 
Multicore Sales Corp 

79 
74 

176 
177 

Transvision Electronics, Inc 85 
Tri -State College 94 

121 Electronic Market 
Electronics Book Service -A. S. 

70 
National Radio Institute 17, 18 

178 Triplett Electrical Instrument 
Company, The THIRD COVER 

Barnes & Co. Inc 89 National Radio Institute 94 179 Tru -Vac 101 

149 North American Philips 
122 Fair Radio Sales 70 Company, Inc 60 180 U.S. Crystals, Inc 74 

123 Fairchild Recording Equipment 181 University Loudspeakers 57 

Corporation 72 150 Oelrich Publications 86 182 Utah Electronics Corp 78 

124 Fisher Radio Corporation 69 
151 Paco Electronics Co., Inc 1 183 Valparaiso Technical Institute ... 64 

125 G & G Radio Supply Co 102 152 Peak Electronics Company 98 184 Van Nostrand Company. Inc., D ... 73 

126 General Electric 88 153 Pearce- Simpson 95 
127 General Electric 72 185 Winegard 87 

128 Global Tape Recording Exchange RCA Institutes. Inc 10, 11 

Hobby Club 86 154 R W Electronics 76 186 Xcelite, Inc 20 

The coupon below can also be used to obtain additional information on the new 
product items shown on pages 96 through 104 as well as on the ads as listed above. 

N 
VOID 5 
AFTER 

MAY 30, 1962 

NAME 

STREET NO. 

CITY ZONE STATE 

ADVERTISED 

PRODUCTS 

(SEE INDEX ABOVE) 

NEW PRODUCTS 

& LITERATURE 

100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 

120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 

140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 

160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 

180 181 182 183 184 185 185 187 188 189 190 191 192 193 194 195 196 197 198 199 

200 2C1 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 

220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

MAIL TO ELECTRONICS WORLD P.O. BOX 212 

VILLAGE STATION NEW YORK 14, N.Y. 

INDICATE NUMBER 

OF ITEMS REQUESTED 

106 Printed in U.S A. 

ototiliff Make sure 
that your 

name and address 
are printed dearly. 

ELECTRONICS 

WORLD 

READER 

SERVICE 

COUPON 

ELECTRONICS WORLD 
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Vow? 

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- 
MILLIAMMETER 

World's Largest Selling 
POCKET SIZE V -O -M 
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 prDbe, 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 

THE TRIPLETT ELECTRICAL INSTRUMENT 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 -0 -M. Complete Model 100 is only 

$54.50 

MANUFACTURERS OF PANEL AND PORTABLE INSTRUMENTS; ELECTRICAL AN 4 
630 6304r 

Lì 
630-PL 630 -APL 

FO VERY PURPOSE -THE 
630-NA 

i- it(") 

630-T 

WORLD'S MOST 

ELECTRONIC TEST EQUIPMENT 

631 666-HH 625-NA 

COMF-LE FE' LINE OF V-O-M'S 
666-R 
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A 

CLOSE LOON 

T RCA's 

"DARK 

NEATER' 

and how 
it benefits 

your 
business 

You are looking at a dramatic example of RCA leader- 
ship in tube technology. 

The wire at the right in the demonstration envelope is the 
new RCA "Dark Heater " -an exclusive RCA develop- 
ment. Operating at about 350 °K below the temperature 
of a conventional heater (left), the remarkable "Dark 
Heater" reduces chance of heater failure, increases heater - 
current stability during the life of the tube, eliminates 
"spike" or pulse -leakage current, cuts AC heater -cathode 
leakage and hum, and provides greatly improved overall 
mechanical stability. 

RCA Electron Tubs 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. 

1(49:1)1 

Vak 
The Most Trusted Name in EI onics 
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