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ODERN BATTERIES: Types and Applications 

)LID -STATE 3 -WATT CB -HAM TRANSMITTER 

E. POWER OUTPUT MEASUREMENTS 

DIN TO SELECT A CLOSED- CIRCUIT TV CAMERA 

SILICON CONTROLLED RECTIFIERS 
FOR HOME AND INDUSTRY 

Diamond- package 20 -25 amp. SCR 
Low -cost Press -fit 18 amp. SCR 
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C 
THE GUESSWORK 

NRI Equipment Makes Training 
Faster, Easier, More Interesting 

There's nearly half a century of experience behind 
every NRI instruction plan. Nearly fifty years of sim- 
plifying and perfecting home -study techniques to make 
learning faster, easier and more interesting. Thanks to 
NRI's pioneering techniques, even men who didn't 
complete high school may successfully launch new 
careers in Electronics. Of major importance are special 
training kits NRI furnishes at no extra cost. You use 
equipment to work experiments, learn -by- doing. NRI 
equipment brings to life things you read in illustrated, 
easy -to- understand texts. All equipment yours to keep. 

PICK YOUR CAREER 

1 
TELEVISION -RADIO SERVICING -Learn to fix black -and- 
white and color sets, AM -FM radios, stereo hi -fi, etc. A 
profitable field for part or full -time business of your own. 

2 
INDUSTRIAL -MILITARY ELECTRONICS -Learn Principles, 
Practices, Maintenance of Electronic equipment. Covers 
computers, servos, telemetry, multiplexing, other subjects. 

3 
COMPLETE COMMUNICATIONS -A comprehensive pro- 
gram for careers in broadcasting or mobile, marine, 
aviation communications. Learn to operate, maintain 
transmitting equipment. Prepares for FCC License. 

4 FCC LICENSE -Prepares you quickly for First Class Li- 
cense exams. Every communications station must have 
licensed operators. Also valuable for Service Technicians. 

5 
BASIC ELECTRONICS -Abbreviated, 26- lesson course cov- 
ering Automation- Electronics, TV -Radio language, corn- 
ponents, principles. Ideal for salesmen, hobbyists, others. 

6 
MATH FOR ELECTRONICS -A short -course of carefully 
prepared texts going from basic arithmetic to graphs and 
electronic formulas. Quick, complete, low in cost. 

7 
AVIATION COMMUNICATIONS -For the man who wants 
a career in and around planes. Covers direction finders, 
ranges, markers, loran, shoran, radar, landing system 
transmitters. Prepares for FCC License. 

8 
MARINE COMMUNICATIONS -For the man seeking a ship- 
board career. Learn about transmitting equipment, di- 
rection finders, depth indicators, radar. Prepares for FCC 
Radiotelephone License. 

9 
MOBILE COMMUNICATIONS -Learn to install, operate, 
maintain mobile equipment and associated base stations 
as used by police, fire departments, taxi companies, etc. 
Prepares for FCC License. 

NATIONAL RADIO INSTITUTE 
o 

Oldest and Largest Radio -TV Electronics Home Study School 
Washington, D.C. 

Save time and money 
-P 

NINE 

SPECIALIZED 

INSTRUCTION 

PLANS 
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a ?re :Y,NRI-the 
dest and largest 
hool of its kind 



HOW THE NRI "CA 

AGREEMENT TAKE: 

OUT OF TRAINING 
As a reader of this magazine, you realize what a grow - 

ing and expanding industry Electronics is today. 
That's why so many ambitious men are enrolled for 
NRI's specialized instruction plans. If you are asking 
yourself, "Am I capable of learning Electronics ?" or 
"Does NRI have the exact training plan I need?" - 
NRI now makes it possible for you to get the answers 
without risk. NRI's special Cancel -At- Any -Time agree- 
ment lets you enroll and start your training without 
obligating you to continue. With NRI you sign an 
agreement -not a contract. If for any reason you de- 
cide you do not want to continue your training, all you 
do is notify NRI and you are not obligated for pay- 
ments beyond that time. Mail the postage -free form 
for complete information about NRI's 9 specialized in- 
struction plans and NRI's exclusive Cancel- At -Any- 
Time agreement. 

CUT OUT AND MAIL 

FREE 
2 NEW BOOKS 
NO STAMP NEEDED 
NRI PAYS POSTAGE 
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TECHNICAL 

INSTRUCTION 

and EQUIPMENT 

National Radio Institute, Washington, D.C. 3KE 

Please send me your two books about opportunities in 
Electronics- Automation, Radio -TV and your specialized 
instruction plans. (No salesman will call) 

Name Age 

Address 

City Zone State 

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 



SEND FOR 

2NLW 
BOOKS TECHNICAL 

INSTRUCTION 

and EQUIPMENT 

about career opportunities 
in ELECTRONICS and 
NRI instruction plans 

TRAIN AT HOME WITH THE LEADER 
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If you design or work with battery-operated equipment ... 

THIS IS THE BOOK YOU NEED 
RCA BATTERY 

laNIIAL 
RCA's comprehensive new 64-page battery manual is 

an invaluable reference source for anyone designing 

or working with battery-operated circuits, whether 

for industrial, consumer or hobby applications. 

WHAT IT GIVES YOU: 
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characteristics ... Page 12 
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How to Use Out RCA 
Battery Manual 
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Comprehensive classification 
chart... Page 4 
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Test procedures for 
different types ...Page 15 
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Historical Background 

Dimensional outlines, sizes, Battery development ... Page 6 
weights ...Page 18 
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Applications 
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Battery selection guide 
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Terminal and 
socket connections ...Page 56 

Free on request. 
Write RCA, Dept. 451, 
Harrison, N. J. 

OFFER ENDS NOV. 30, 1963. 

RCA ELECTRONIC COMPONENTS AND DEVICES 

HARRISON, N. J. 

The Most Trusted Name 

/® 
in Electronics 



3 GREAT NEW SCOTT AMPLIFIERS 
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POWERHOUSE TOP PERFORMER 

la is is iii iii : l 

MODEST COST 

_ < , 
mg 

Oi 94 el ft 

I, N . is Ni 

i 
New 2990 80 -Watt Stereo Amplifier New 2220 50 -Watt Stereo Amplifier 

?his best -selling stereo amplifier, top- There's a new look to the ever -popular New 2008 30 Watt Stereo Amplifier 
rated by all leading consumer testing 222 series ... and new performance, Scott performance and looks at a 
organizations, is now better than ever. too. Massive transformers deliver budget price! Oversize transformers 
New luxury features include: direct enough power to drive even the most give full power in the critical bass 
connection for powered center chan- inefficient speaker systems . and range ... power enough to drive low 
nel and extension speakers, speaker the 222D gives you power in the low efficiency speakers to full room level. 
switch for private listening, new frequencies, where it's really needed. ' The new 200B has features you'd 
switching for choice of five low level This value -packed performer incor- never expect to find at this price: 
inputs, non -magnetic electrolytic alu- porates a center channel speaker con- stereo headphone output on front 
minum chassis, exclusive Scott Bal- nection without the need for an addi- panel, dual tone controls, tape moni- 
rnce Left /Balance Right level tional amplifier, speaker switch for tor, and a handsome, massive panel 
balancing system, and massive output private listening, front panel switch and knobs. Scott gives you all the 
transformers. Behind the handsome for selection of phono or tape deck. controls and power you'll ever need at 
panel, with its easy -grip knobs, is a Build a quality music system around a price not much higher than you 
lifetime of trouble -free performance this most versatile, feature -filled would pay for ordinary equipment 
a-id power to spare. $229.95 amplifier. $1 79.95 without Scott quality. $139.95 
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How to select the right one for your system 
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WANT MORE 
INFORMATION? 

Mail this coupon for complete infor- 
naatíon on all the great new Scott 
components and kits. 

SPECIFICATIONS 

299D 222D 2008 

Power per 
channel (IHF) 
watts 40/40 25/25 15/15 

A 
s 

ON Olk 

Power band 
(cps) 19- 25,000 19- 25,000 25- 15,000 

Hum Level 
(db) -80 -80 -70 H. H. Scott, Inc. Dept. 160 -10 

Maynard, eM sxoad 
Send me complete information on the new 
1964 Scott line of stereo components es kits. 

Name 

Address 

City Zone state... 
Include names of interested friends and 
we'll send them duplicate materials. 

Wide Range of Features and Controls 

Oversized output transformers for 
1111 bass response. 

Non -magnetic electrolytic alumi- 
chassis for cool operation and 

)west hum. 
. Dual tone controls for maximum 
d ustment of any program material 
. Exclusive Scott balancing method 
or perfect stereo regardless of speak- 
rs or program material. 
. Conservatively designed power- 
upply assures years of trouble -free 
nJoyment. 

Tape Monitor Yes Yes Yes 

Dual Tone 
Controls Yes Yes Yes 

stereo Head- 
phone Output Yes Ras Yes 

Low Level 
Inputs 2 2 1 

, 1 O 1 1 
High Level 
Inputs 3 2 

Export: Morhan Exporting Corp., 458 Broadway. N.Y.C. 
Canada: Atlas Radio Corp., 50 Wingold Aw.,Toronto 
An prices slightly higher west of Rockies. Accessory cases extra. 
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OUR COVER shows the in- 
ternal construction of a 

much -enlarged stud - 

mounted silicon controlled 
rectifier. For clarity we have 
exaggerated the thickness 
of the silicon wafer and its 
contacts. Also shown are 
two full -sized photos of 
Motorola's new low -cost and 
diamond -package SCR's. A 
circuit using one of these 
to control the speed of an 
appliance motor is illus- 
trated along with the out- 
put waveform. An example 
of a high- current industrial 
type is the 300 -amp. G -E 
SCR at the bottom of our 
cover. We have shown this 
unit about 2/3 full size. For 
details, see story on page 
27 (Cover illustra- 
tion by Otto E. Markevics.) 
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Troubleshoot, repair 
receivers and 

transmitters faster 

BASIC 

RADIO 
REPAIR 

by Marvin Tepper 

r 

Two great volumes cover all phases of radio 
receiver servicing. 
Detailed coverage on transmitter servicing. 
Practical repair techniques as they would be 
done at the workbench. 

There are other books that cover the subject 
of radio receiver repair. Some also cover 
transmitter servicing. But none of them 
make it easier to apply your knowledge of 
radio circuitry to the maintenance and re- 
pair of defective equipment. These books 
show you how to use the best and fastest ap- 
proach to circuit troubleshooting and repair. 
Valuable to both newcomer and veteran, the 
text provides practical servicing procedures 
for both radios and transmitters. By a com- 
bination of dramatic illustrations and down - 
to -earth description, you are brought as close 
as possible to actual workbench conditions. 

HIGHLIGHTS OF BASIC RADIO REPAIR 
VOLUME I TEST INSTRUMENTS - Reveals the 
construction of the various radio servicing 
test instruments providing an understanding 
for both better use and maintenance. 
COMPONENTS - Discusses often -ignored facts 
such as general replacement vs. exact re- 
placement components, tolerances, working 
voltages. values, etc. 
SERVICING PROCEDURES - Outlines methods 
of approach in servicing to make repairs in 
the fastest possible way. 
SUPERHETERODYNE RECEIVERS - Treats each 
stage of a receiver in the same order most 
likely to be followed during actual servicing. 
SERVICING PORTABLE RECEIVERS - Discusses 
circuits and problems peculiar to portable 
receivers, including 3 -way portables. 
SERVICING AUTOMOBILE RECEIVERS - Details 
this neglected but lucrative field. Includes 
such special circuits as the "signal- seeker ". 
VOLUME II SERVICING FM RECEIVERS - In- 
cludes a discussion of antenna requirements 
as well as complete coverage of the various 
detector circuits. 
TRANSISTOR RECEIVERS - Covers best methods 
to service transistor receivers: transistor 
handling and testing; servicing printed cir- 
cuits and transistor receiver circuits; hybrid 
auto radios. 
SERVICING TRANSMITTERS - Discusses trans- 
mitter symptoms and checks before cover- 
ing individual stages. Details servicing FM 
and single sideband circuits. 
#233-2 vol. soft cover set, $5.30; #233H. 2 
vol. in one cloth binding, $5.95. 

EXCELLENT COMPANION VOLUME 
BASIC RADIO by Marvin Tepper - 6 vol. 
pictured -text course makes it easy for you to 
master the theory and circuitry of radio 
communications equipment. 6 vol. soft cover, 
$13.85. 6 vols. in cloth, $14.85. 
Rider books are available at electronic parts 
distributors, bookstores or use coupon. 

JOHN F. RIDER PUBLISHER. INC. 
A division of Hayden Fubtishing Co.. Inc. 

.850 Third Avenue, New York 22, N.Y. 

Please send following books for 10 -day examina- I 
tion. Within 10 -days of receipt, I shall remit 
payment, plus postage, or return books without 
obligation. 

BASIC RADIO REPAIR 2 vols. soft cover, ' 
$5.30 
2 vols. cloth, $5.95 
BASIC RADIO 6 vols. soft cover, $13.85 
6 vols. cloth, $14.85 

Name 

Address 

City Zone State 
Payment enclosed -Rider pays postage. 
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COMING 
NEXT 

MONTH 

JET COMMUNICATIONS 
The fact that reliable and precise elec- 
tronic navigational and communications 
equipment is so readily available makes 
jet transport feasible. Without such 
equipment, jet travel would be neither 
safe nor practical. 

TRANSISTORIZED TACHOMETER 
If you are a boating fan or like to act as 
your own "auto mechanic," here is a 
compact, portable tachometer with both 
0 -1250 and 0 -5000 rpm ranges which can 
be built at low cost from standard parts. 

WHICH TAPE TO USE? 
Measurable performance differences, 
even though moderate or slight, are sig- 
nificant to the serious recordist. Here is 
an illuminating report on a sampling of 
tapes which were compared for response, 
distortion, and output level. The results 
may surprise you! 

ELECTRONICS LAB TECHNICIAN 
What are the duties, responsibilities, 
technical requirements, and rewards of 

El(cIIuIII('s 1\UI'I() 

titis important R & D post? An up -to- 
date survey on the current status. 

U.H.F. RECEPTION - 
PRACTICES & EQUIPMENT 
With all -channel TV sets a legal require- 
ment by the end of April 1964, many of 
the techniques and problems involved 
will need answers before this deadline. 
Jack Beever of Jerrold covers much of 
the ground in this article. 

CHOOSING A TWO -WAY RADIO SYSTEM 
Before any businessman decides to in- 
stall a two -way radio system, he must 
have the answers to questions regarding 
range, frequencies, and equipment. Part 
1 of this two -part series by H. H. Rice of 
Motorola outlines these basics while Part 
2 will cover specific recommendations. 

PHASEMETER FOR A.F. 
If you need a lab type instrument for 
evaluating performance of amplifiers, 
preamps, crossovers, etc., try this tested 
circuit for a meter covering the 20- 50,000 
cps range. 

All these and many more interesting and informative articles will be yours 
in the NOVEMBER issue of ELECTRONICS WORLD ... on sale Oct. 17th. 
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These Opportunity 
Packed Fields 

Need YOU! 

Space & Missile 
Electronics 

Television & Radio 

Microwaves 

Automation Electronics 

Radar 

Communications 

Computers 

Broadcasting 

Industrial Electronics 

eVry Stands Behind Every Man It Trains 

Count -down, blast -off, orbital communication ! Back of every space -age 
achievement is the magic of electronics. And back of most electronic 
applications - in space, in the industrial plant, studio, or laboratory - is 
the electronics technician. Thousands of technicians have been trained by 
DeVry Technical Institute since 1931 and back of each man stands the 
school that has trained him. Yes, DeVry Tech backs him with continuing 
Employment Service through the years of his career; DeVry backs him 
with its practical Consultation Service, helping him solve technical prob- 
lems he may meet, on his job, at any time. All this tops off DeVry's prac- 
tical training: at home in spare time, or full or part -time in DeVry's 
modern, well- equipped training centers in Chicago or Toronto. If you're 
17 -55, find out all that DeVry has to offer you in the exciting field of 
electronics. 

YOU'VE NOTHING TO LOSE, YOU'VE MUCH TO GAIN! MAIL COUPON NOW! 

Accredited member of National Home Study Council 

eVry .....Tops in Electronics 

Chicago NIP Toronto 

DeVRY TECHNICAL INSTITUTE 
4141 Belmont Ave., Chicago 41, III., Dept. EW-1 0 T 

Please give me your two free booklets, "Pocket Guide to Real Earn 
ings" and "Electronics in Space Travel "; also include details on how 
to prepare for a career in Electronics. I am interested in the following 
opportunity fields (check one or more): 

Space & Missile Electronics Communications 
Television and Radio Computers 
Microwaves Broadcasting 
Radar Industrial Electronics 
Automation Electronics Electronic Control 

Name Age 

Address Apt. 

City Zone _ State 
Check here if you are under 16 years of age. 

Canadian residents: Write DeVry Tech of Canada, Ltd. 
970 Lawrence Avenue West, Toronto 19, Ontario 2083 

October, 1963 CIRCLE NO. 116 ON READER SERVICE PAGE S 



Dick Nyhotm, Radio & TV, 108 N. Lower 
Ave., Centralia, Washington 

"Television antennas represent an important 
part of my business. Since handling Wine- 
gard Colortrons, my business has increased 
greatly. Seems that one person tells another 
and your advertising also pays off." 

Edwin L. Fisher, Fisher Appliances, Inc., 
107 N. E. Front Street, Milford, Delaware 

"During the thirty -one years I have been in 
the Radio and Appliance business few new 
items have been so immediately successful 
as your Colortron antenna. 
"Our sales of color television testify that 
your new Colortron antenna has been the 
answer. In fact we will not sell a customer if 
they are not willing to install a proper type 
antenna to operate the new color set. 
"Hoping this letter will encourage you to 
further efforts in developing more new 
products." 

Ken Kesler, Electromatic, Inc., 
237 N. E. Broadway, Portland 12, Oregon 

"We have used the Winegard assortment of 
antennas for over three years and find that 
whatever situation we encounter, Winegard 
has the answer. 
"We have been especially pleased with the 
WINEGARD COLORTRON which we have 
used extensively since Color TV has come 
into its own." 

THEY SAY IT 

Ray Summers, Ray Summers, Inc., 
Louisville, Illinois 

"We live in an area which has the poorest 
television reception in the State of Illinois. 
There are no stations closer than 100 miles. 
Our TV and antenna sales have more than 
doubled since using the Winegard Colortron 
as it has improved reception to the point 
where we can get goo° reception from sev- 
eral channels." 

George W. Terry, Terry's Electric, 
McLean, Texas 

"I am so pleased with the new Winegard 
Colortron antennas that I would lke to tell 
you about the reception we have here in 
McLean, Texas. 
"We have these antennas as far as 100 miles 
from our local stations in Amarillo, Texas 
and the customers are overjoyed with the 
reception. 
"We have installed over 200 Winegard Power - 
trons and Colortrons on a money back guar- 
antee. As yet we haven't had the return of 
even one antenna!" 

Twin City Radio & TV, Inc., 97 National 
Avenue, Chehalis, Washington 

"We are especially pleased with Winegard 
Colortrons and the Nuvistor amplifier is the 
best by far. Keep up the great engineering 
and your fine advertising -both help us sell 
more antennas and boosters." 

ETTER THAN 
Some of America's leading dealers tell why they think Winegard Colortrons are 

Dave Tucker, Avon Television Co., 
189 Bway, Amityville, New York 

"We here at Avon T.V. have used many 
different antennas for our color installations 
and have found that for best all around re- 
sults in color as well as black and white 
reception the Winegard Colortron is superior 
in every respect." 

Roy Sahlin, Central Television & 
Appliance, 911 Chehalis Ave., 
Chehalis, Washington 

"Finest piece of equipment we have worked 
with in electronic field. The Winegard Color - 
tron and all Winegard products have no 
competition." 

Charles Dumaine, Dumaine Antenna 
Service, 735 Woodtick Road, 
Waterbury, Conn. 

"Among the top three antennas I have found 
it to be the best for any reception. The 
AP220N Nuvistor Amplifier is tremendous in 
controlling both high and low channels; 
eliminating all types of interference. Being an 
exclusive Winegard dealer, I make between 
30 to 40 installations per week of the Wine- 
gard Colortron and Amplifier. The people for 
whom the installations were made are all well 
satisfied with the performance; bringing 
more business my way than I can handle." 

J. C. McNiven, The Gester -McNiven Co., 
305 N. Tower, Centralia, Washington 

"We feature Winegard Colortrons because 
they have helped us immeasurably to sell 
more color sets. They really bring in a mag- 
nificent color picture and black and white is 
also the best. Finest antenna on the market, 
and we've tried them all." 
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William D. Miles, Miles Electronic Co., 
Baxley, Georgia 

"We are over one hund-ed miles from the 
nearest commercial station. We have tried 
most of the so- called colcr antennas. Thanks 
to Winegard's high signal-to-noise ratio and 
high directivity Winegard is the only accept- 
able antenna -booster combination which 
was found to meet our 'customer's satisfac- 
tion' requirements. Beautiful color is being 
received now with the Calortron." 

Walter Finkbeiner, 107 New Jersey Ave., 
Absecon, New Jersey 

"I have found the Winegard Colortron and 
Electronic Power Pack to be the most power- 
ful antenna in our fringe area. Colortron 
antennas make a perfect combination with 
our Admiral Color television installations. 
"I install Colortrons on trial and have not lost 
a sale to date." 

Leonard P. Hellenthal, Nielsen & Neilson, 
Inc., 1462 Glendale Blvii.. 
Los Angeles 26, California 

"I am extremely happy to i form you that we 
have been a constant user of the Winegard 
line of antennas and related products for six 
or seven years. 
"We are now moving into the Colortron 
series which we find to be another added 
improvement in new type hardware and im- 
proved over -all performance. 

"As you know, our clients in this area con- 
sist of many television and movie stars as 
well as prominent city officials. We are, 
therefore, of necessity, quite concerned 
about the equipment we use and its per- 
formance. We are looking forward to future 
success with this newer series of antennas 
and amplifiers." 

G. Borders, Borders Radio & TV Service. 
Flora, Illinois 

"In my opinion, the Winegard Electronic 
Antenna is perhaps the finest piece of equip- 
ment I have worked with .n the last thirty 
years." 
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J. A. Etchison, Etchison Brothers 
Appliances, Flors, Illinois 

"The new Winegard Colortron with 
the twin nuvistor amplifier permits us 
to give our customers the best tele- 
vision reception ever!" 
Berkeley M. Phelps, TV & Radio 
Repair, Washing on Depot, Conn. 
The high gain of N inegard antennas 

and boosters give the customer ex- 
cellent pictures on channels that were 
not usable before. Winegard equip- 
ment does not requ re sales pressure 
-seeing is believing!" 

\W 
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WE DO! 
the world's finest TV antennas .. . 

J..:.. Ross, .._......;ome 
Furnishings, Portland 2, Oregon 
"This is hilly country, with lots of tall 
trees. We install and service thous- 
ands of sets a year. We've found 
many real problem areas -where only 
a Winegard Colortron antenna with 
Nuvistor amplifier will pull in the kind 
of picture a set owner has the right to 
expect. We recommend Colortron to 
our customers - especially to the 
many people now buying Color TV." 

David B. Newman, Radio Service 
Co., 262 Ninth St., Astoria, Oregon 
"With the new Colortron TV antenna 
and Stereotron FM antenna and 
matching Nuvistor boosters we have 
obtained excellent reception of the 
Portland, Oregon TV and FM stations. 
We are 100 miles from Portland with 
the coast range of hills between us. 
We also obtain good results from 
Seattle, 150 miles away. These are the 
finest antennas on :he market today!" 

If you haven't tried 

Winegard Colortron 

antennas or Colortron 

Nuvistor amplifiers, 

we hope you will try a 

few soon. 

We feel confident there 

is nothing on the market 

that can match them for 

performance and quali- 

ty. Write for technical 

bulletins or ask your 

Winegard distributor. 

COLORTRON MODEL C -44 
GOLD ANODIZED ... $64.95 list 

Takes up to 
400,000 Micro- 
volts input - 
Model AP -200N 
$39.95 list 

COLORTRON 
Twin Nuvistor 
AMPLIFIER 

MODEL C -43 $51.90 list 

À 
MODEL C -42 $34.95 list 

MODEL C-41 $24.95 list 

mn egard 
ANTENNA SYSTEMS 

3003 -10 KIRKWOOD BURLINGTON, IOWA 
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THAT MUSIC 
SOUNDS 

TERRIBLE. !. THE TAPE 
MUST BE `\ 
WORN OUT. G , 

NORTRON/CS 
SAYS "TAPE 
DOESN'T 
WEAR 
OUT--- 

r1 

SPOT CHECK 

BUT, 
TAPE HEADS DO! SURE ENOUGH, OUR 
HEADS HAVE A BLACK VERTICAL LINE 
THROUGH THE POLE PIECES. I BETTER 
SEE OUR DEALER TOMORROW 

HEADS IN 
2 MINUTES 
...Look for 
A. Grooves or 

spots on 
surface. 

B. Thin vertu 
ca black 
line eivier 

either 
pole piece. 

BOY, THESE HEADS ARE 
WORN. WE CAN REPCATE 
THEM OR YOU CAN 
DO- IT- YOURSELF. 
NORTRON /CS HEADS 
AND "QUIK-KITS " 
HAVE COMPLETE 
EASY-TO-FOLLOW 
INSTRUCTIONS. 

JUST A MINUTE, I'LL 
AZIMUTH THIS NEW HEAD 
AND WE'RE IN BUSINESS. 

WHAT A 
BI G D /FFERENCE. 

THE MUSIC SOUNDS 
EVEN BETTER 

THAN WHEN THE 
RECORDER WAS 

NEW. 

HAVE YOU CHECKED YOUR HEADS LATELY? 
Get the most from your investment in tape 
equipment. Be certain that head wear is 
not causing you to lose the clean, crisp 
sound which only tape can give you. Give 
your heads the quick two minute spot check 
as shown above - or, have your Hi -Fi dealer, 
Radio -TV serviceman or camera store check 
your heads for wear. 
Insist on NORTRONICS replacement heads 
and "Quik -Kit" mounting hardware; both 
correctly matched to your recorder. 

"Music sounds best on tape - 
Tape sounds best with Nortronies heads" 

-720úce_ 0 
8127 10th Ave. North Minneapolis 27, Minn. 

rWrite today for your FREE copy of NORTRONICS 
Tape Head Replacement Guide. 

Name 

Address 

City State 

LI own a Model tape recorder 
J 
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ELECTRONICS 
THE electronics industry recently re- 

ceived a challenge worthy of further 
comment. L. Berkeley Davis, vice- presi- 
dent of the General Electric Co., accept- 
ing the Medal of Honor Award of the 
Electronic Industries Association at its 
39th Annual Convention, challenged the 
industry to invent a new home product 
comparable to radio and television. 

In elaborating on his proposal for a 
new product search, Mr. Davis observed 
that the electronics industry "must offer 
the consumer something else that the 
American home will need. I don't know 
what it is," he said, "but I challenge 
you to find it. The electronics industry 
can and must develop a new device to 
make home life easier and more pleas- 
ant." 

The electronics industry today is a 
$13- billion industry and Mr. Davis fore- 
casts that this will increase to $21- billion 
in the next two years, then to $22.5 - 
billion by 1970 and to $34- billion by 
1975. 

Growth in the industrial and military 
electronics areas seems to be assured 
over this period. However, in the con- 
sumer- products field there must be 
greater creative effort in developing new 
products in order to show any appreci- 
able growth in the future. 

It seems inconceivable that the in- 
dustry could ever again develop a single 
product with an impact comparable to 
that which our present TV set has had. 
All is not lost, however, since there are 
many products, both in and out of the 
laboratories today that, as a group, 
could surpass our present radio and TV 
industry. There is no reason why we 
couldn't develop an "All- electronic 
Home of the Future." 

It would employ: 
Electronic Cooking: In addition to 

the radar range, what about induction 
heating for keeping food warm? 

Electronic Refrigeration and Cooling: 
Thermocouple devices can be used. 

Ultrasonic Washers: For clothes, 
dishes, and perhaps for bathing? 

Cordless Telephones: Could work on 

IN THE HOME 
the already familiar induction principle. 

Solar Panels: Could operate many 
small appliances. 

Electroluminc.scent Lighting: Al- 
though light level is still too low, the 
future holds great promise. 

Electronic Light Dimmers: The sili- 
con controlled rectifier is already play- 
ing a role in this area today. 

Electronic Precipitators: Could clear 
house of cooking and tobacco odors. 

Ultrasonic Tools: Drills and scrapers 
for example. 

Radio- Controlled Toys: Particularly 
for bedridden children. 

Cordless Power Tools: Particularly 
suited for outdoor use. 

Tape Recorders: To record and play- 
back pictures and sound on your TV set. 

Fuel Cell Power Supplies: Particu- 
larly suited for picnics. 

Three -Dimensional TV. 
TV on the Wall: Using flat picture 

tubes. 
Although all of these devices are be- 

ing worked on today to some extent, no 
single manufacturer is working on all 
of them. We feel sure that Mr. Davis 
had in mind a new item or group of 
similar devices that would be ideally 
suited to the radio and television set 
manufacturer. Unfortunately, this is 
hard to come by. But couldn't set manu- 
facturers diversify their operations and 
develop the "electronic home" theme? 
Or perhaps it takes a company that is 
more diversified than one that simply 
manufacturers radio and TV sets alone. 
Such companies as RCA, G -E, and 
Westinghouse - who make many home 
appliances other than radio and TV 
sets -have already started to move in 
this direction. 

It actually would require the facilities 
of quite a large and diversified company 
in order to advertise and promote this 
theme. Remember when owning the 
only TV set on the block was such a 
status symbol? Perhaps owning the "All - 
electronic Home of the Future" will be 
tomorrow's status symbol for the home- 
owner of the future. 

ELECTRONICS WORLD 



CREI 

ANNOUNCE S 

A UMQUE 

HOME STUDY 

PROGRAM IN 

SPACE 

ELECTRONIC 

ENGINEERING 

with your choice of these specialties 

SPACE DATA SYSTEMS Includes analog and 

digital computers, information theory, data acquisition 

and processing. 

Includes 

microelectronics, space propagation, masers, lasers, 

infrared techniques. 

SPACECRAFT GUIDANCE 

AND CONTROIJ Includes inertial navigation, 

space radar, star tracker systems, tracking networks. 

The first educational program developed specifically to 
help electronics men apply their experience to the space 
effort. 

Content of program developed to meet employment re- 

quirements as determined by consulting government and 
private organizations in the space field. 

Text material prepared with the help of engineers and 
scientists holding key positions in leading space- oriented 
organizations. (Names on request.) You study exactly the 
material technical organizations in the space effort want 
their employees to know. 

YOU ARE ELIGIBLE FOR THIS PROGRAM 
IF YOU WORK IN ELECTRONICS AND HAVE A 
HIGH SCHOOL EDUCATION. 

FREE BOOK GIVES FULL INFORMATION. TEAR OUT 
AND MAIL POSTPAID CARD or write CREI, 
Department 1110 -A, 3224 Sixteenth Street, N. W., 
Washington 10, D. C. 

The Capitol Radio Engineering Institute 
founded 1927 Accredited Member of the National Home Study Council 

Dept. 1110 -A, 3224 Sixteenth St., N. W. 
Washington 10, D. C. 

Please send me FREE book describing CREI Home Study 
Programs including new Programs in Space Electronics. I am 

employed in electronics and have a high school education. 

Name 

Address 

City _Zone State 

Employed by 

Type of present work 

Check: Home Study Residence School G.I. Bill 

:_ LECTRONICS 

Age 
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BUSINESS REPLY MAIL 

SSARY IF MAILED IN THE UNITED STA 

Postage will be paid b, 

CREI 
The Capitol Radio Engineering Institute 
3224 Sixteenth Street, N.W. 

Washington 10, D. C. 

FIRST CLASS 

Permit No. 288 -R 

Washington, D. C. 

VIA AIR MAIL 
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NOW CREI 

OFFERS 

SPECIALIZED 

EDUCATION 

IN EVERY 

IMPORTANT 

AREA OF 

ELE CTROMC S 
SPACE DATA SYSTEMS (NEW) 

SPACE TRACKING SYSTEMS (NEW) 

SPACECRAFT GUIDANCE 
AND CONTROL (NEW) 

COMMUNICATIONS 

AERONAUTICAL AND 
NAVIGATIONAL 

TELEVISION 

AUTOMATION AND INDUSTRIAL 

NUCLEAR 

SERVOMECHANISMS 
AND COMPUTERS 

FREE BOOK GIVES COMPLETE INFORMATION 
ON CREI HOME STUDY PROGRAMS 
INCLUDING NEW PROGRAMS IN SPACE 
ELECTRONICS. TEAR OUT AND MAIL 
POSTPAID CARD FOR YOUR COPY TODAY. 

PHOTOGRAPHS COURTESY OF 

NATIONAL AERONAUTICS & 

SPACE ADMINISTRATION 



not all 
cardioid microphones 

are alike .. . 
only the 

SHURE 

BROTHERS, INC. 

222 Hartrey Ave, 

Evanston, Illinois 

t 

TJMDY\ E 
TRUE CARDIOID UNIDIRECTIONAL DYNAMIC 

MICROPHONE SOLVES ALL THESE 

COMMON MICROPHONE PROBLEMS! 

PROBLEMS CAUSED BY INEFFICIENT REJECTION OF UNWANTED SOUNDS BY THE MICROPHONE 

SOLUTION SITUATION 

REFLECTIONS 

PROBLEM CAUSES 

Feedback occurs where a so- 

called "cardioid" micro 
phone is used and the speak- 
ers are placed to the rear of 
the microphone. A common 
occurrence in churches, au 
ditoriums, and meeting 
rooms. 

Sound bounces off hard surfaces on the 
walls, floor and ceiling, in and around 
the audience area and the microphone 
used is not effective in rejecting these 
sounds at all frequencies, and in all 
planes about its axis. 

The Unidyne III eliminates this 
problem because of effective 
rejection of sound at the rear 
of the microphone with uni- 
formity at all frequencies. 
Sounds bouncing off the floor 
or other reflective surfaces 
that reach the rear of the 
Unidyne Ill are rejected. 

COLUMN 

LOUDSPEAKERS 

Unexplained feedback. Col- 
umn loudspeakers are used 
to distribute sound more 
evenly to the audience in 
churches and auditoriums. 

While column speakers direct the 
sound toward the audience, they also 
have side and rear sound lobes which 
may reach the microphone. Feedback 
occurs when the rear and side sound 
lobes of the speakers coincide with 
the rear and side lobes of a so -called 
"cardioid" microphone. 

The Unidyne III solves this 
problem because it has no 
rear or side lobes. Thus it re- 

jects the side and rear lobes 
of the sound column speakers. 

REVERBERANT 

BOOM 

BoOM 

A disturbing, echoing effect 
of low frequency sound often 
found in churches, large au- 
ditoriums, and arenas. 

The particular "cardioid" microphone 
used fails to retain its unidirectional 
characteristics with low frequencies. In 

addition, its front response tends to 
accent low frequencies of the desired 
sounds. These factors result in pickup 
and reinforcement of the low frequency 
reverberation and boominess charac- 
teristic of many halls. 

Using the Unidyne Ill Micro - 

phone will solve the problem 
because it maintains a uni- 
form pattern of sound rejec- 
tion in all frequencies, even as 
low as 70 cps. The frequency 
response also has a controlled 
roll -off of the low end. This 

prevents reinforcement of the 
low frequency reverberation 
and diminishes the effect of a 

boomy hall, 

PROBLEMS CAUSED BY THE MICROPHONE'S INEFFECTIVENESS IN PICKING UP THE DESIRED SOUND 

GROUP 

WITH 

COVERAGE 

ONE MICROPHONE 

I, - 
.- 

A single microphone does 
notprovideuniform coy- 
erage a of a group. This is 
commonly experienced with 
choral groups, quartettes, in- 
strumental combos, and 
speaker panels. 

The particular "cardioid" microphone 
used lacks a uniform pickup pattern, 
so that persons in different positions 
within the general pickup area of the 
microphone are heard with varying 
tonal quality and volume. 

The Unidyne III affords uni- 
form pickup of the group with 
a resulti ng consistency in 
volume and sound quality 
among the members of the 
group. 

USING MULTIPLE 

MICROPHONES 

I 

Variation in the pickup level 
and tonal quality exists 
throughout the broad area 
to be covered. This may oc- 
cur in stage pickup of mu- 
sical and dramatic produc- 
lions, panels and audience 
participation events. 

The pickup pattern of the microphones 
used is too narrow, causing "holes" 
and "hot spots ". The off -axis frequency 
response of the microphones also varies. 

The Unidyne III permits a 

smoothness in pickup as the 
true cardioid pattern gives 
broad coverage with uniform- 
ity throughout the coverage 
area. This eliminates "holes ", 
"hot spots ", and the variations 
in sound quality and permits 
blending many microphones 
with ease. 

DISTANT PICKUP 

r ._.2. 

Too much background noise 
or feedback results when 
working with microphone at 
desired distance from sound 
source. 

So-called "cardioid" and particularly 
long range microphones being used are 
less directional with lower frequencies. 
In addition, they have lobes or hot spots 
that pick up sound at the rear, resulting 
in the background noise or feedback 
problem. 

Use the Unidyne Ill to gain 
relatively long range with ef- 

festive rejection of sound at all 
frequencies at the rear of the 
microphone. 

U.S. Patent D 190,864: other Patents Pending 
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NEW SAMS BOOKS 

Basic Electronics Series: 
TV Sync and Deflection Circuits 

It 
by Capt. T. M. Adams, U.S.N. Latest volume in the 
series, utilizing a dynamic new method to explain 
circuit actions -unique 4 -color diagrams show you 
what takes place during every moment of circuit 
operation. Explains automatic gain control, sync 
separation, noise limiting, horizontal -frequency r 
generation, control. 5%" x 8 % ". BEV -1, only... $L^ 
Basic Electronics: Radio Circuits. BER -1, $2.95 
Basic Electronics Series: 4 Volumes in slipcase - 
Amplifier Circuits, Detectors & Rectifiers, Oscillator 
Circuits, Transistor Circuits. Order BEL -40, only $9.95 

Phonograph Cartridge & Needle Replacement Guide 
by the Howard W. Sams Technical Staff. Most com- 
prehensive guide available to replacement cartridges 
and needles. Listed by original parts numbers and 
by equipment manufacturers' model and part num- 
bers. Fully cross- referenced. 96 pages, 53- 
x 83h ". Order RCN -1, only ;in 

Handbook of Transistor Circuits 
by Allan Lytel. Presents valuable information on the 
design, operation, and application of more than 200 
practical transistorized circuits for use in counters, 
power controls, timers, indicators, photoelectric de- 
vices, power regulators, amplifiers, power supplies, 
oscillators, power converters, etc. Includes schemat- 
ics, parts lists, and descriptions of operation for 
each circuit. 224 pages, 5% x 83Z ". TCL -1, only. 

TV Home -Call Service Guide 
by the Howard W. Sams Engineering Staff. A com- 
plete guide for use on home service calls. Covers 
over 250 TV models produced in 1963. Shows tube 
types and locations, fuse values, location of con- 
trols, tube trouble symptom checks, service adjust- 
ments, other valuable home -call data. 192 pages, $95 
5.% x 8 % ". Order GTV -1, only J 

Electronics Math Simplified -2 Volumes 
by Alan Andrews. These two volumes are specifically 
written to provide a knowledge and clear understanding 
of mathematics as it applies to electronics. Vol. 1 

covers basic algebra, logarithms, trigonometry and spe- 
cific applications of math to electronics practice. Vol. 2 
includes advanced sections on algebra, trigonometry; 
circuits and component data calculations. Boolean 
algebra, and mechanics. An excellent self -study 
guide. 2 volumes in slipcase. MAT -20, only.... Sf 

Understanding and Using the Slide Rule 
Gives you an easy basic understanding of how the 
slide rule operates and how to use it properly for 
multiplication, division and reciprocals, combined 
operations, and squares and square roots. Explains 
all parts of the rule, terms used in operation, meth- 
ods for obtaining correct answers. 96 pages, 
5% x 8%". Order SRT -1, only 

Magnetic Recording for the Hobbyist 
by Arthur Zuckerman. A handy, informative guide 
for everyone interested in tape recording. Covers: 
Taping Broadcasts & Recordings; Tape & Hi -Fi 
Component Systems; Commercially Recorded 
'rapes; Taping Live Sound; Special Effects; Taping 
for the Record & Correspondence; Recording in the 
Field; The Party Recorder; Editing & Producing 
'rape; Making Movie and Slide -Show Sound Tracks; 
Sound Effects; Ribbons of Sound. 128 pages, $250 
5% x 8% ". Order MRZ -1, only 

ABC's of Television Servicing 
by the Howard W. Sams Editorial Staff. An excellent 
introduction to TV servicing. Explains functions of 
each stage of a TV receiver, waveforms encountered 
at various points, types of test probes used in 
trouble -shooting. Shows how test patterns (both 
station and generator) can be used to isolate trouble. 
Special chart shows most common causes of trouble 
symptoms encountered in both black- and -white and 
color sets. Gives handy constants and formulas re- 
quired for TV servicing; includes color codes and 
valuable information on components. 96 pages,$ir 
534 x 8W. Order STA -1, only 

HOWARD W. SAMS & CO., INC. 
u Order from your Sams Distributor today, or mail 

to Howard W. Sams & Co., Inc., Dept. K -13, 
4300 W. 62nd Street, Indianapolis 6, Ina. 
Send me the following books: 

BEV -1 BEL -40 TCL -I MAT -20 MRZ -I 
BER -1 RCN -1 GTV -I SRT -1 STA -1 

$ enclosed. Send FREE Booklist 

Nome 

Address 

City Zone State 
CANADA: A. C. Simmonds & SonsiLtd., Toronto La 
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LETTERS 
FROM OUR 

READERS 

TECHNICAL WRITERS 
To the Editors: 

The article by Cyrus Glickstein on po- 
tential electronic technical writers ( May 
issue) was both interesting and informa- 
tive. I would, however, like to be given 
the opportunity to comment on one or 
two points that Mr. Glickstein made and 
briefly cover one other area of military 
writing that he did not mention. 

In discussing military technical writ- 
ing, job opportunities at equipment man- 
ufacturers, technical writing firms, and 
contract job shops were covered. Noth- 
ing, however, was said about the military 
technical writing career available in the 
Federal Government. Military technical 
writers in the Government enjoy many 
advantages not available in commercial 
organizations. These include: 

a. Working with the ultimate user 
(hence finding out how the product is 
received after ultimate completion) . 

b. Job security and above -average 
fringe benefits, pay scales from $4565 to 
$12,620 for the tyro up to the senior 
writer. Supervisory positions have pay 
scales that range from $11,150 to 
$19,270. 

c. Military writers work very closely 
with their colleagues in the engineering 
areas and are exposed to a wide variety 
of equipments and hence subject- matter 
disciplines. 

Addressing attention to the disadvan- 
tages of military technical writing cited 
by Mr. Glickstein, i.e., very little direct 
contact with equipment and standard- 
ized format -in Federal employment the 
converse is generally true. Our writers 
are required to work with the equipment 
to generate procedural information and 
their efforts are later verified against the 
equipment by a verification team before 
a book is given final approval. As to 
standardized format, Government -pre- 
pared technical manuals, and training 
manuals for that matter, are written to 
many different types of formats with in- 
formal users' brochures including cartoon 
treatment and very simplified explana- 
tions of technical equipment. 

All the foregoing, coupled with the 
fact that the Government writer has nu- 
merous opportunities to travel to inter- 
esting (and, to be honest, some uninter- 
esting) parts of the country, makes the 

grass look pretty green on this side of the 
fence and we would hope that your read- 
ers, in considering technical writing as 
a profession, will give serious thought to 
the advantages of working for one of the 
activities of the United States Govern- 
ment. 

H. L. SHIMBERG, Chief 
Publications Division 
U. S. Naval Ordnance Laboratory 
White Oak 
Silver Spring, Maryland 

0 o a 

ELECTRON MICROSCOPY 
To the Editors: 

With reference to the article "Ad- 
vances in Electron Microscopy" by Ken 
Gilmore (July 1963 issue ) , may we call 
your attention to the fact that some of 
the information quoted is not quite ac- 
curate. 

On page 21, Mr. Gilmore states that 
Ernst Abbe was a British scientist. En- 
closed is a publication of our principals 
in Germany, on page 10 of which you 
will find a history of our factory and 
Ernst Abbe. 

May we point out that the wave- 
lengths of visible light are between 4000 
and 7000 angstrom units. Light micro- 
scopes, that is, microscopes with glass 
lenses, can only operate in the range 
between 3500 and 7000 angstrom units. 
The lower limit is determined by the 
absorption of the glass lens or lenses, and 
the upper limit is given by the sensi- 
tivity of the human eye. The so- called 
ultraviolet light microscopy is applicable 
between 2400 and 3800 angstrom units. 

The first electron microscope with 
electrostatic lenses which produced an 
image of the cathode was developed in 
the AEG Research Institute in Berlin in 
the early '30's. This instrument can still 
be seen in the Deutsches Museum, Mu- 
nich. The inventor of the electrostatic 
lens is Dr. Mahl and the inventor of the 
electromagnetic lens is Dr. Ruska, both 
working in the same Institute. 

The formation of the electron image 
depends on the varying speeds of the 
electrons after having passed the speci- 
men. The absorption of the electrons 
should be prevented, as much as pos- 
sible, because of the increase of the 
temperature and damage to the speci- 
men. Electrons with different speeds or 
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IJOCtITRANSISTOR RADIO ANALYST 
makes it Easy and Profitable to Service all Transistor Radios 

TRANSISTOR RADIO ANALYST 

with Exclusive DYNA -TRACE 
Single -Point Probe -and Built -in 

Metered Power Supply and VTVM 

Complete Transistor Radio 
Service Shop in One Instrument 

Signal -Generator, Power Supply, 
Milliammeter, VTVM, Battery Tester, 
Ohmmeter, and Both In- Circuit and 
Out -of- Circuit Transistor Tester - 

All in One 

CkQßk a4Q Gneuits - Putpthtt Dtoabk... ivt»thtt&1as 

Now you can profit from transistor radio 
servicing! This amazing new B &K "960" 
ANALYST gives you everything in one com- 
plete easy -to -use instrument. Makes tran- 
sistor radio servicing quick and easy. Nothing 
else is needed except the transistor radios 
themselves waiting to be serviced. Brings 
you new customers for service, parts, and 
batteries. Makes this new business yours. 

LOOP ANTENNA 

* :{ 
RE 

AMP. 
CONVERTER 

OSCILLATOR 

It 
IP 

AUDIO 

DRIVER 

AUDIO 

OUTPUT 

AUDIO 

OUTPUT 
SPAR 

EASILY TROUBLE -SHOOT ANY STAGE 
BY UNIQUE POINT -TO -POINT SIGNAL INJECTION 

The ANALYST gives you a complete signal -generating 
source for point -to -point signal injection. Easily enables you 
to trouble -shoot any transistor radio -check all circuits 
stage -by- stage -isolate and pinpoint the exact trouble in 
minutes. 
Supplies modulated signals, with adjustable control, to 
check r.f., i.f., converter, and detector. Supplies audio signal 
to check audio driver and audio output. Provides unmod- 
ulated signal to test local oscillator. Provides separate audio 
low- impedance output for signal injection into loudspeaker 
voice coils to check speaker performance. 

BUILT -IN METERED POWER SUPPLY FOR EASY SERVICING 

Makes it easy to operate radio under test, while you inject 
your own signals. Provides from 1 to 12 volts in 1M volt 
steps. Supplies all bias taps that may be required. 

SIMPLIFIES IN- CIRCUIT TRANSISTOR TEST 
WITH NEW DYNA -TRACE SINGLE -POINT PROBE 

Unique single -point probe needs only the one contact to 
transistor under test. No longer are three wires required to. 
connect to emitter, base, and collector. Gives fast, positive 
meter indication. Saves time. Makes trouble- shooting simple 
and easy. 

BUILT -IN VTVM 

Includes high- input- impedance vacuum -tube voltmeter, 
which is so necessary for transistor radio servicing. 

TESTS ALL TRANSISTORS OUT -OF- CIRCUIT 

Meter has "Good -Bad" scale for both leakage and beta. 
Also has direct- reading Beta scale, calibrated 0 -150. Assures 
quick, accurate test. Also automatically determines whether 
transistor is NPN or PNP. Meter is protected against acci- 
dental overload and burn -out. 

Model 960. Net, $9995 

Solve Every Service Problem and Profit 
with a Modern B &K Service Shop. See Your 
B &K Distributor or Write for Catalog AP21 -N 

BaK MANUFACTURING CO. 
Division of Dynascan Corporations 

1801 W. BELLE PLAINE AVE. CHICAGO 13, ILL. 
Canada: Atlas Rodio Corp., 50 Wingold, Toronto 79, Ont. 
Export: Empire Exporters, 253 Broadway, New York 7, U.S.A. 
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If you're willing 
to pay anything for 
professional quality but would rather not 
The Concertone 605 is for the one man in several who car't stand 
less than perfection .. but can't see why professional quality should 
cost so much. Never before have so many features and so much pro- 
fessional quality been available at this price. Read ahead carefully 
and see: Precision plug-in head assembly...includes four precision 
heads; Separate microphone and line controls (input can be mixed) ; 

Delay memory control circuit (never spill or break tape) ; Automatic 
glass tape lifters, including electric cue feature'; Sound on sound and 
add sound; Solenoid operated brakes; Three motors, including 
2 -speed hysteresis synchronous drive; Automatic rewind; Exclusive 
Reverse- O- Matic ®. Learn all about the 605 in complete detail. Ask 
your dealer for a demonstration or send for free literature today. 

CONCERTONE 607 
Broadcast ,e lion 
The Concertone 607 with higher 
impedance is for the true professional 
or broadcaster. Remote control 
optional. This superb tape recorder 
is constructed to 19" x 14" dimensions, 
permitting it to be used as 
an exact replacement for old or 
outdated tape recorders. 

CONCERTONE 400 COSMOPOLITAN 
For people on the go... it's the Cosmopolitan 

- Combination Tape Recorder with AM 
Radio. A versatile companion and co- worker 

for business or pleasure travels. 5" reel 
capacity. Push- button operation. Amazing 

fidelity. Remote mike. Foot-pedal control. 
This all -transistorized recorder has big 

recorder features in miniature form. 

for further 
inform atioa 

write: 

14 

AMERICAN CONCERTONE, INC. 
A DIVISION OF ASTRO- SCIENCE CORP. 
9449 W. JEFFERSON BLVD. CULVER CITY CALIF. 

Export: J. D. Marshall International, 170 W. Washington, Chicago, nlinois 
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velocities give different focal planes, and 
the so- called contrast diaphragm or ob- 
jective aperture diaphragm will catch 
the electrons with the lowest speed. 

Whether a specimen can be seen or 
not depends not only on the thickness, 
but also on the atomic weight of the 
material. Therefore, an organic sped - 
men, for example, can be "shadowed" 
with heavy metals and the surface can 
be examined much better. The platinum 
layer of more than 25 angstrom units 
is absolutely non- transparent for elec- 
trons. 

Dr. W. E. DEGENHARD 
Scientific Director 
Carl Zeiss, Inc. 
New York, N. Y. 

According to the interesting booklet 
that Dr. Degenhard sent along with his 
letter: 

"The firm of Carl Zeiss was founded 
in 1846 by Carl Zeiss. a mechanic in 
the University of Jena [in Germany] . . . 

Zeiss impressed the physicist Ernst 
Abbe, then professor at the University of 
Jena, with his ideas. After many years of 
painstaking research, Professor Abbe 
succeeded in establishing the mathe- 
matical formulas for computing micro- 
scopic objectives, an achievement recog- 
nized by science as fundamental since it 
created the basis for the development of 
the optical industry. Ever since, all op- 
tical instruments throughout the world 
are manufactured in accordance with the 
mathematical formulas computed by 
Ernst Abbe." 

Thanks also to Dr. Henry E. Puro, of 
the Detroit Dept. of Health, and other 
readers, including one who worked for 
Professor Abbe, for correcting us. -Edi- 
tors. 

o e a 

OSCILLOSCOPE PHOTOGRAPHY 
To the Editors: 

In an informative article on oscillo- 
scope cameras in the March issue of 
your magazine, the author mentions the 
disadvantage of the Duullont Model 302 
camera in reversing the scope trace. Be- 
ing familiar with the techniques of pho- 
tographing a myriad of waveforms using 
the instrument that is attached to the 
camera in question, the reversal problem 
can be eliminated easily. Simply invert 
the waveform with the normal- invert 
switch that is mounted on the plug -in 
amplifier. If a normal- invert switch is 
not contained in the oscilloscope, mere- 
ly reverse the input leads to the vertical 
amplifier and place the input on d.c. 
( direct coupled) . 

PAUL J. RosA 
Stamford, Conn. 

Here's a case where two wrongs do 
make a right. The mirror reverses the 
photo for the camera, but the technique 
suggested by Reader Rosa brings the 
pattern aright again. -Editors. 

ELECTRONICS WORLD 
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Please use the coupon at the bottom of this page to obtain more in- 
formation about products advertised in this issue. 
Simply circle the number on the coupon that corresponds to the 
number at the bottom of the advertisement in which you are inter- 
ested. 

Additional information on items mentioned in "New Products & Lit- 
erature" can also be obtained by following this same procedure. 

PRINT your name and address on the coupon and mail it to: 

ELECTRONICS WORLD 
P.O. BOX 7842 

PHILADELPHIA 1, PA. 
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JCS-6 CS-4 CS-3 CSO-6 

NEW! 
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The Big Plus -Uniline Sound Columns 
Performance is the big plus when you install Uni- 
versity Uniline Sound Columns. Unlike conventional 
columns, Uniline employs specially -designed speak- 
ers with higher power handling capacity. "Acoustic - 
Tapering - another University exclusive, prevents 
excessive high frequency beaming and assures a 

uniform sound volume within its fan or beam. The 

result- higher intelligibility, optimum sound disper- 
sion at all frequencies, greater listening comfort. All 
individuals hear the same sound! The table below 
shows complete specifications for all Uniline Sound 
Columns, including the new weatherproof model 
CSO -6 for outdoor installation. For complete PA 
Loudspeaker Catalog, write Desk S -10. 

UCS -6 
Full Range 

Music and Speech 

CS -4 
Full Range 

Music and Speech 

CS -3 
Music and Speech 

CSO -6 
Full Range 

Music and Speech 

speakers 6 extended 
range 8" 

4 extended 
range 8" 

8 special 
multi- design 

6 extended 
range 8" 

frequency 
range 55- 17,000 cps 70- 17,000 cps 150 -10,000 cps 55- 17,000 cps 

power 
capacity 150 watts IPM* 80 watts IPM` 25 watts IPM* 150 watts IPM* 

impedance 16 ohms 8 ohms 16 ohms 16 ohms 

vertical 
angle 16° 22° 22° 30° 

horizontal 
angle 120° 120° 120° 120° 

dimensions 591/4" x 107 /e" x 9S ¿" 403/8' x 11" x 94," 48" x 71/2" x 83/4" 60' /a" x 117/8" x 73/a" 

shipping wt., lbs. 61 46 33 61 

'Integrated program material. 

UNIVERSITYLOUDSPEAKERS Division of Ling- Ter'ico- Vough', Oklahoma City, Oklahoma 
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The move into electronics is your decision. GRANTHAM 
SCHOOL OF ELECTRONICS makes your move easier... 

. easier by teaching you electronics in a logical, step - 
by -step manner, preparing you for employment as an 
electronics technician or engineer. 

Grantham School of Electronics offers training in the 
classroom, in the laboratory, and by correspondence, as 
explained below. 

WHAT Training is Offered 
The entire Grantham electronics training program is 
divided into a series of sections or levels, as follows: 
Section IA "begins at the beginning," with the assump- 

tion that the student has no previous knowledge of 
electronics. It prepares him to pass all F.C.C. examina- 
tion required for a first class radiotelephone license. 

Section IB is a laboratory training program which gives 
the student practical experience in the operation and 
maintenance of electronic equipment. Practical lab 
training is most valuable to the student who under- 
stands theoretical concepts upon which it is based. 
Therefore, Section IB is offered to Grantham students 
after they have completed Section IA. 

Section II begins where Section IB ends, and trains the 
student in advanced electronics, usually while he is 

employed as an electronics technician. Section II pre- 
pares the student to advance in both status and income. 

WHERE and HOW Training is Offered 
Grantham School of Electronics was founded in August 
of 1951, in Los Angeles, California. Since that time, new 
divisions of the School have been opened in several other 
locations. In addition to the Headquarters Office (located 
in Los Angeles), there are now four teaching divisions. 
Three of these (in Los Angeles, Seattle, and Washington, 
D.C.) offer resident classroom training, and the fourth 
(in Kansas City, Mo.) offers home study training and 
resident laboratory training. 

Grantham teaches more electronics in less time, 
because the Grantham Method is engineered with the 
student in mind. 

Write for Free Brochure 
Your future depends on you. The move into electronics 
must be your decision. An important first -step in this 
direction may be to write for our 44 -page brochure. It's 
free for the asking - it's your move. 

Prepare for Employment and /or Advancement in Electronics 
by training with 

GRANTHAM 
SCHOOL OF ELECTRONICS 

(Mail in envelope or paste on postal card) 

To: National Headquarters Office 
Grantham School of Electronics 
1505 N. Western Ave., Hollywood 27, Calif. 

Gentlemen: 

Please send me your free booklet describing electronic training. 
1 understand that this does nou obligate me in any way. 

1505 N. Western Ave. 
Los Angeles 27, caw. 
(Phone: HO 7-7727) 

408 Marion Street 
Seattle 4, Wash. 

(Phone: MA 2-7227) 

3123 Gillham Road 
Kansas City 9, Mo. 

(Phone: JE 1-6320) 

821-19th Street, N.W. 
Washington 6, D.C. 

(Phone: ST 3-3614) 

Nome Age 

Address_ 

cty_ _ State 

Accredited Member, National Home Study Council 
October, 1963 

L 

am interested in: Nome Study Classroom Training 364 
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How sq. ft. can speed up your picture -tube service: 

10 versatile "Universal" picture -tube types from Sylvania's 
SILVER SCREEN 85 line may be all you need to fill 52% of 
your renewal needs! This fact, verified by a recent industry 
survey, stems from a remarkable streamlining of the 
Sylvania line- making fewer, more versatile types that can 
be used as replacements for many others. Already 54 
types can replace 217. 

Think what the versatility of these "Universe," tubes 

can mean. An in -shop inventory of a few popular types can 
help you quickly take care of most cf your renewal calls. 
Ordering is simplified...and distributor calls for special 
tubes can be cut way down. 

Start profiting now from Sylvania's SILVER SCREEN 85 
pict.,re tubes. Call your Distributor and put an inventory in 
your own shop -where it can enhance your reputation for 
fast service and quality replacements. 

SILVER SCREEN 85 Picture Tubes are made only from new parts and materials except for the 
envelopes which, prior to reuse, are inspected and tested to the same standards as new envelopes. 

18 ELECTRONICS WORLD 



use it for SILVER SCREEN 85° tubes... 
(10 `'Universal" types feet half cif all renewal needs) 

The "Big 10" Tubes that fill 
52% of all renewal needs: 
21CBP4A 
21ZP46 1 

24% 

21ACP4A 
21YP4A 41% 

21 EP4B 52% 
21FP4C 
24AEP4 
21 DFP4 
21AUP4A 
21DEP4A 

T 

(GENERAL SVSS/O/+RV CF 

GENERAL TELEPHONE a ELECTRON /CS 
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LAB TESTED 

HI -FI PRODUCT 
REPORT 
TESTED BY HIRSCH- HOL'CK LABS 

Bell RT -360 "Professional" Tape Recorder 
Koss "PRO -4" Stereo Headphones 

Bell RT -360 "Professional" Tape Recorder 
For copy of manufacturer's brochure, circle No. 56 on coupon (page 15). 

THE Bell RT -360 "Professional" 
tape recorder is a two -speed ma- 

chine (3.75 and 7.5 ips) with three 
motors. It has electro- dynamic braking, 
using a d.c. current through the motor 
windings to stop the tape smoothly. 
There are no belts or clutches which 
might require periodic maintenance. 
Possibly the most interesting feature of 
this new recorder is its ability to copy 
tapes without the need for an additional 
playback deck. We will discuss this in 
detail later in this report. 

The recorder is equipped with three 
separate sets of stereo heads, as well as 
separate recording and playback ampli- 
fiers. A full complement of controls, in 
duplicate for the two channels, provides 
for input selection (microphone, auxili- 
ary, and magnetic phono cartridge) and 
monitoring from input or from the tape 
playback heads, as well as playing mono 
tapes through both channels. There are 
separate recording and playback level 
controls, recording equalization selec- 
tors, and two illuminated level meters, 
which read both recording and play- 
back levels. 

In addition to high -impedance out- 
puts from the playback amplifiers, the 
recorder has a built -in dual 8 -watt am- 
plifier, with its own volume and tone 
controls. Two detachable 6" x 9" moni- 
tor speakers, which form the cover of 
the portable carrying case, can be sep- 

20 

arated by as much as 12 feet with the 
cables supplied. External speaker 
systems can also be driven. A jack is 
supplied for plugging in either low - 
impedance or high- impedance stereo 
headphones. A switch cuts off the speak- 
ers whenever headphones are employed, 
if desired. 

The transport operation is controlled 
by a group of seven "piano -key" push- 
buttons. The "Standby" button turns on 
the motors and amplifiers and must be 
operated before switching from any 
mode of operation to any other. Two 

+15 

+10 

m 
+5 

. 
O, 
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buttons select the desired tape speed. 
The "Run" button places the tape in nor- 
mal motion. The usual "Fast Forward" 
and "Rewind" functions are included. 
An "Off" button shuts off the entire unit. 

The RT -360 has a small red slide 
switch with positions marked "Normal," 
"Duo- Sound," and "Duplicate /Echo." In 
the "Duo- Sound" position, a portion of 
the output of one playback amplifier 
may be fed to the input of the other 
channel's recording amplifier. This gives 
a delayed echo -like effect, which is in- 
tended to impart a pseudo -stereo char- 
acter to mono recordings. In the "Dupli- 
cate /Echo" position, a portion of each 
playback amplifier output is fed to the 
recording input of the same channel. 
This adds a controllable amount of echo 
to the recordings. 

Thus far, the unit would seem to be a 
machine of better -than -average flexibil- 
ity. Adding the optional Model DK -1 
motor accessory kit broadens its useful- 
ness still more. These are outboard reel 
motors, which can be operated either 
alone or with the normal reel motors. 
Standard 103í" NAB reels can be 
mounted on the Model DK -1 motors by 
means of accessory hubs which are also 
available. The index counter is the only 
portion of the normal recorder which is 

PLAYBACK RESPONSE 
RCA 12 -5 -6IT TAPE 

_ . .... 

2C SO 100 200 

o 

500 IKC. 2KC 5KC. IOKC. 2OKC. 

RECORD /PLAYBACK 
FREQUENCY RESPONSE 

FREQUENCY -CPS 
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Type 8417 output 
pentodes with cavity 

anode design. 

Totally resonance -free 
ultra -wide -band 

output transformers. 

Triode -connected 
dual power -pentode 

driver stage. 

Oscilloscope -type cathode - 
follower input stage with 
compensated attenuator. 

Hinged cover for 
rarely used controls 
(bias and balance). 

150 Watts of the cleanest audio power ever produced! 
The Fisher K -1000 is a challenge to the 
severest critics and most discriminating 
judges of professional sound reproducing 
equipment, both as to specifications and 
listening quality. Its music power rating is 
150 watts IHF Standard, with both chan- 
nels driven. The RMS power rating, again 
with both channels driven, is 130 watts (65 
watts per channel). However, as a glance 
at the intermodulation curve will show, 
each channel will deliver 80 watts at 0.5% 
IM distortion, thus indicating the extreme 
conservativeness of the official rating. 

Total Harmonic Distortion at t kc: Solid Line 
Intermodulation Distortion (60 cps /7 kc, 4:1): 

Dotted Line 

RATED POWER 

L 
0 10 20 50 40 50 10 70 FO 90 100 

RESIDUAL 
POWER OUTPUT I WATT5. RN51 

The output stage of the K -1000 is engi- 
neered around the newly developed 8417 
beam power pentodes, never before used 
in any electronic device. Designed speci- 
fically for use in this amplifier, the 8417 
offers extreme linearity, resulting in 
greatly reduced distortion, and has unusu- 
ally low drive -voltage requirements, per- 
mitting the previous stages to 'coast' at 
their lowest possible distortion levels. The 
unique cavity anode design of the 8417 is 
an important factor of its superior per- 
formance characteristics. 

Frequency Response (0 db = 4 watts) 
Subsonic Filter: Dotted Line 

Each pair of 8417's in the K -1000 
drives a giant output transformer via plate - 
cathode coupling -a modified and im- 

SLIGHTLY NIGHER IN THE 

October, 1963 

proved 'ultra -linear' configuration that 
provides 12 db of the most desirable and 
stable type of negative feedback in the 
output stage. The custom -wound output 
transformers are unlike all others in that 
their response rolls off below 5 cps and 
above 200 kc without the slightest peaks 
or dips. (See the frequency response 
curve.) This results in exceptional stability 
and superb square wave reproduction. 

The driver stage, too, is entirely novel. 
A triode -connected 6HU8 / ELL80 dual 
power pentode circuit developed by Fisher 
engineers is capable of delivering 40% 
more drive to the output stage than is re- 
quired - and at a remarkably low imped- 
ance. The result is very low distortion, the 
fastest possible recovery time, great stabil- 
ity and hence outstanding transient 
response. 

For the pre- driver and phase inverter 
stage, an ECC83 / 12AX7 dual triode is 
used in a DC- coupled cathodyne configu- 
ration characterized by extremely low dis- 
tortion and phase shift. A feedback loop 
from the output transformer secondary to 
the pre- driver cathode provides 17 db of 
distortion -reducing feedback. 

The input stage of the K -1000 is of 
a type widely used in laboratory oscillo- 
scopes but never before in high -fidelity 
amplifiers. A compensated input' attenu- 
ator in conjunction with a cathode - 
follower circuit permits adjustment of the 
input signal from 0 db to - 12 db in 
closely calibrated 3 db steps without the 
slightest effect on input impedance and fre- 
quency response. This feature in effect 
provides five different input sensitivities, 
ranging from 0.5 to 2.0 volts (for full 
rated RMS output), so that the preampli- 
fier volume control can be operated strict- 
ly within its optimum range. 

A switchable subsonic filter has also 
been designed into the input stage, in 
keeping with the widely held engineering 
opinion that, for the majority of practical 
applications, response should be flat down 
to 20 cps only and then fall off as rapidly 
as possible. (See dotted part of frequency 
response curve.) 

The power supply of the K -1000 is one 
of the most elaborate ever used in a stereo 
power amplier. Regulation and filtering 
are of the highest order and all silicon di- 
odes as well as filter capacitors are most 
conservatively operated. 

Bias is readily adjustable on each chan- 
nel by means of the built -in laboratory - 
type calibration meter, but the controls 
for these rarely needed adjustments are 
ingeniously concealed behind an attractive 
hinged cover - another Fisher exclusive. 

Now you can be sure your home -built 
unit will perform as perfectly as though 
it were factory -wired. Fisher has devised 
what is now the StrataBalance Techniquet, 
a simple testing procedure which, by the 
use of an ordinary light bulb, enables the 
builder to attain precise and absolute bal- 
ance of the push -pull circuitry of the 
K -1000. 

Total Harmonic Distortion (One Channel) 
at 65 watts RMS 

(Note that from 20 cps to 10 kc distortion does 
not rise above N %D even at maximum 

rated power.) 

5 

2 

I 

,,, 90 ,,,,, 200 400 =RG APO n.n fORt 
FREQUENCY 

The K -1000 StrataKit is priced at only 
$279.50 *. It is also available factory -wired 
as the SA -1000, priced at only $329.50 *. 
Both carry the famous Fisher Warranty 
for all tubes, diodes and parts for a period 
of one year from date of purchase. 

IL 

FREE! $1.00 VALUE! 
The Kit Builder's Man- 
ual, a new illustrated 
guide to high fidelity 
kit construction. 

FISHER RADIO CORPORATION 
21 -38 44th Drive, Long Island City 1, N. Y. 

Name 

Address 

City 

Zone -State 
071011 

The Fisher 
PAR WEST. EXPORT, FISHER RADIO INTERNATIONAL, INC., LONG ISLAND CITY 1, N. V. CANADA. TRI TEL ASSOCIATES, LTD., WILLOWDALR, ONT.t PAT. PEND. 
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THE 

NEW 

JENSEN 

5- SPEAKER 4 -WAY SYSTEM 

HAS EAR APPEAL... 
In Jensen's TF -4, smooth finely- 
balanced full -range reproduction is 
achieved by expert blending of five 
speakers: a high -compliance, long travel 
FLEXAI R °' woofer; a specia 8" mid- 
range; two direct radiator tweeters; and 
Jensen's SONO -DOME- ultra- tweeter 
for frequency extension beyond audi- 
bility. Look, listen and compare. We 

think you'll agree there's nothing like 
the TF -4 in sound ... and in value. 

HAS EYE APPEAL... 
The new TF -4 comes to you ir, a new 
full -size but gracefully slender format 
thatcombines big speaker performance 
with elegant appearance. The wood is 

genuine walnut veneer in cil finish. 
(Available, too, in the money- saving 
unfinished gum hardwood for custom 
finishing or building -in.) Grill fabric 
is available on both models in a choice 
of 2 -tone fabric custom -woven for us, or 
all -over rattan. Cabinet measures 16" H, 

251/2" Write for Brochure MT. 
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TF -4 

5- SPEAKER 
4 -WAY SYSTEM 

Impedance, 8 ohms. Power Rating, 
25 watts. 

In Oiled Walnut . $114.50 

In Unfinished Hardwood 97,50 

JENSEN MANUFACTURING COMPANY 
Division of THE MUTER COMPANY 

6601 S. Laramie Ave., Chicago 38, Illinois 

Canada: Radio Speakers of Canada, Ltd.. Toronto 
Argentina: UCOA, S. A., Buenos Aires 
Mexico: Fapartel, S.A., Naucalpan, Mea, 
129 ON READER SERVICE PAGE 

CONTINUOUS SINE -WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN 
: 1 : f 

20 30 50 70 100 

- I f 

2D0 300 500 700 IKC. 

FREOUENCY-CPS 

not operative when using the outboard 
motors. 

To copy a tape, the original tape is 
placed on the regular reel hubs and 
threaded over special guides so that it 
contacts only the playback heads. The 
blank tape is mounted on the Model 
DK -1 reel motors and passed through 
the tape guides against the erase and re- 
cord heads but bypassing the playback 
heads. Both tapes pass between the cap- 
stan and its idler wheel. By suitably ad- 
lusting the recorder's controls, the orig- 
inal tape is copied onto the reel of blank 
tape that is being used. 

Playing back the RCA 12 -T -61T 7.5- 
ips standard tape, the recorder showed 
a response within =2 db from 30 to 
about 1500 cps, rising to about -10 db 
at 15,000 cps relative to the 1000 -cps 
level. The over -all record /playback re- 
sponse at 7.5 ips, using Type 1861 "LR" 
Audiotape, was flat within ± 2 db from 
35 to 17,000 cps on one channel and to 
13,000 cps on the other channel. The 
difference was apparently due to a vari- 
ation in head -gap alignment on the two 
channels. The playback and record 
heads were aligned for best response on 
one channel. When the channel re- 
sponses are balanced. the upper limit 
would be about 15,000 cps. At 3.75 ips, 
the record /playback response was within 
±2 db from 28 to 10,000 cps on the bet- 
ter channel, which is still a very good re- 
sponse for this tape speed. 

The wow and flutter were, respec- 
tively, 0.081 and 0.31% at 7.5 ips and 
0.06% and 0.27 at 3.75 ips. The signal - 
to -noise ratio was 47.5 db with the 
"noise" being largely a little 60 -cps resid- 
ual hum. 

The amplifiers had a very flat response 
and delivered 6.5 watts per channel with 
both channels driven, or 8 watts with 
only one channel operating. Their low - 
frequency power capability was very 
limited, resulting in high IM distortion 
with the standard SMPTE low -fre- 
quency signal of 60 cps. This was not 

2 KC. 3 KC. 5 KC. 7KC. 10 KC. 2 0 KC. 

particularly audible in the small monitor 
speakers, which sounded about as good 
as most such speakers incorporated in 
portable tape recorders for home use. 

The magnetic phono cartridge inputs 
apparently have little or no equalization. 
depending on the cartridge inductance 
for much of the playback equalization. 
This limits its usefulness to a few car- 
tridges with appreciable inductance and 
a high output of at least 12 millivolts. 
The "Aux" and microphone inputs have 
equal ( and high ) sensitivities of 3 milli- 
volts. The "Aux" inputs have level ad- 
justments which enable them to accom- 
modate signals of 1 volt or more without 
overloading the input circuitry. 

We used the accessory Model DK -1 
motors to copy our RCA test tape and 
measured the response playing back the 
copy. This proved to be almost identical 
to the original. except for a slight loss 
below 40 cps and above 13,000 cps. On 
music tapes there was no audible differ- 
ence between the original and copy 
tapes. 

The over -all listening quali of the 
Bell RT -360 was very good, with only 
a slight increase in hiss level aid bril- 
liance distinguishing the recorded from 
the original. The "Duo- Sound" seemed 
to confuse the sound and dici not- in any 
sense, impart a feeling of stereophony. 
Moderate amounts of echo, when added, 
were occasionally beneficial. Its unique 
usefulness as a tape- copying system, plus 
its generally high level of performance. 
make this recorder an interesting addi- 
tion to any good music system. Our chief 
criticism of its operation is that the re- 
cording switching does not automati- 
cally shut off. It is easy to accidentally 
erase a new recording on its first play- 
back, in spite of the two red recording 
warning lights. The "piano -key" buttons 
which work well also require a rather 
high pressure in order to operate them. 

The price of the basic recorder unit is 

8449.95 while the price of the optional 
motor kit is $49.95. 

Koss "PRO -4" Stereo Headphones 
(or copy of manufacturer's brochure, circle No. 57 on coupon (page 15). 

THE new Koss "PRO-4" stereo head- 
phones are a top -performance de- 

sign, suitable for professional appli- 
cations such as monitoring during 
recording sessions, and are ideal for 
private listening in the home. 

The drivers in the phones are similar 
to miniature dynamic speakers, about 
1 inch in diameter. The interior of each 

earpiece is fully padded with plastic 
foam and the driver itself is mounted 
in a separate compartment vented to 
the interior of the headpiece through 
two small holes. The front of the driver 
is also loaded with plastic foam. The 
headpieces are designed to give wide - 
range frequency response, with a maxi - 

(Continued on page 75) 
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Whatever it is, Cleveland Institute can help you get it! 

Yes, whatever your goal- is in Electronics, there's a 
Cleveland Institute program to help you reach it 
quickly and economically. Here's how: Each CIE 
program concentrates on electronics theory as ap- 
plied to the solution of practical, everyday problems. 
Result ... as a Cleveland Institute student you will 
not only learn electronics but develop the ability to 
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Let's start with scopes- essential for the experimenter. EICO 
has an excellent variety to choose from. The new full 
performance 430 General Purpose compact with 3" flat -face 
CRT; the 427 General Purpose DC scope; and one of the best 
thought of scopes in the DC wide band field, the 5" CRT 460. 
If you work with transistor circuits, EICO has the team for 
you: the 1020 Power and Bias Supply with 0.005% ripple; 
and the 680 Transistor & Circuit Tester which combines 
transistor parameter measurements with a 20k52/V multi - 
meter for dc voltage (to 50v) and resistor measurements. 
If you're interested in RF you'll need a good, wide coverage 
RF signal generator with built -in audio :modulation such as 
the EICO 324 (150 kc -435 mc), and a good VTVM such as 
the EICO 222 or peak -to -peak VTVM the 232. Use either 
one with RF VTVM probe PRF -11. 
If you're interested in audio, EICO has an excellent Sine and 
Square Wave Audio Generator ranging from 20 cps to 200 
kc, the 377. You'll also need an AC VTVM. The 12 -range 
EICO 250 (measures 100 AV to 300V) is an excellent choice. 
It has a panel switch that converts it to a broadband ampli- 
fier with 60 db gain and over 5V undistorted output. The 
EICO 261 AC VTVM and Wattmeter has 11 ranges (meas- 
ures 1 my to 1000V) and it includes a tapped 4, 8, 16 and 
600 ohms power resistor handling up to 80 watts as well as 
load compensated wattmeter ranges. In general you will need 
an EICO 222 or 232 VTVM as well, for measuring up to 
1500 VDC or AC, and for resistance measurements. 
If you like to draw materials from a "junk" box, you'll need 
a Resistance -Capacitance Bridge, EICO 950B, which meas- 
ures capacity from 10 ppf to 5000 pf, resistance from 0.5 ohm 
to 500 meg., and contains a continuously variable 0 -500 VDC 

A guide to what the 
well equipped experimenters' 
workbench looks like 

supply for a sensitive capacitor leakage test. Complement- 
ing it is the 955 for in- circuit capacitor short -open testing, 
and capacity measurements with unique shunt resistance 
balancing. 
For trouble shooting audio, IF, and RF circuits, the 147A 
Multi -Signal Tracer has both RF & audio inputs with demod 
& direct probes, noise locator circuit, wattmeter, substitu- 
tion tests, & eye -tube and speaker monitors. And for testing 
tubes nothing beats the economical EICO 628 Emission 
Type Tube tester. The new 667 Dynamic Conductance Tube 
and Transistor Tester is the best in the field. Both test all 
the new tube types including Nuvistor, Novar, 10 -pin, Corn - 
pactrons, etc. 
Other handy items are EICO substitution and decade boxes: 
EICO 1100 covers EIA resistance values from 15 ohms to 10 
meg.; the 1120 EIA capacitance values from 100 mmf to 0.22 
mf. The 1140 combines both 1100 and 1120 in one box and 
permits series or parallel combinations as desired. The 1171, 
a Precision Decade Resistance Box, covers 1 to 99,999 ohms 
in 1 -ohm steps; and EICO 1180, a precision Capacitance 
Decade Box, covers 100 mmf to 0.111 mf in 104 mmf steps. 
If you want to know how a circuit performs with varying 
line voltage, or to correct for varying line voltage during an 
experiment, the EICO 1078 Metered Variable Auto- Trans- 
former AC Bench Supply provides 0 -140 VAC continuously 
variable, from 120 VAC line input with a 71/2 amp. current 
rating. Output current and voltage are separately metered. 
If you're an experimenter or technician, you'll find that 
EICO test equipment can make any job easier. You can also 
be sure, that when you select EICO instruments, as a kit or 
factory -wired, you get the most performance for your dollar. 
See the most complete line of test instruments (kit and fac- 
tory- wired) at your distributor. 
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PRICES OF EICO EQUIPMENT (k=kit; w=wired)-430 (k. $65.95; w. 

$99.50); 427 (k. $69.95; w. $109.95); 460 (k. $89.95; w. $129.50); 1020 
(k. $23.95; w. $29.95); 680 (k. $25.95; w. $39.95); 324 (k. $28.95; w. 

$39.95); 222 (k. $27.95; w. $42.95); 232 (k. $49.95; W. $99.95); PRF11 

(k. $3.95; w. $4.95); 377 (k. $37.95); W. $54.95); 250 (k. $49.95; 
w. $79.95); 261 (k. $49.95); w. $79.95; 9508 (k. $23.95; w $29.95); 
955 (k. $19.95; w. $39.95); 1474 (k. $29.95; w. $44.95); 628 (k. $44.95; 
w. $59.95); 667 (k. $79.95; w. $129.95); 1100 (k. $7.95; W $12.95); 
1120 (k. $6.95; w. $10.95); 1140 (k. $14.95; w. $19.95); 1171 (k. $24.95; 
W. $29.95); 1180 (k. $17.95; w. $24.95); 1078 (k. $42.95; W. $54.95). 
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SILICON CONTROLLED RECTIFIERS 

NEW APPLICATIONS IN THE HOME 

By LOTHAR STERN / Motorola Semiconductor Products Inc. 

Already used in industry for power -control applications, 
recent drastic price cuts make the SCR attractive for use 
in electrical appliances and lighting circuits for the home. 

Editor's Note: The operating principles of SCR's, as 
described here, are the sanie whether these semicon- 
ductor devices are used to control large amounts of 
current in an industrial application or smaller current 
in a home appliance. Because of recent price reductions. 
the technician can expect to see more of these devices. 
not only in industrial plants, but also in high-volume- 
produced electrical appliances for home use. Although 
some of the highest current SCR's used in industry may 
cost several hundred dollars each, the 18 -amp. units 
discussed below are priced as low as $1.80, in quan- 
tities of 5000. 

LL too often there is a substantial lag between 
the development of a new device and its 
actual commercial use in applications for 

which it is obviously well suited. Such has been the 
case with transistors in television applications where, 
until recently, the cost of a TV transistor comple- 
ment has been considered too high in comparison 
with vacuum tubes to offset the apparent advantages 
of transistorization. It has also been the case with 
the silicon controlled rectifier ( SCR ) which has 
found widespread use for power -control appli- 
cations in industrial equipment, but whose cost has 
been too high for the consumer mass market despite 
the operating improvements and flexibility it offers 
for both large and small home appliances. 

Now that SCR prices have been suddenly and 
drastically reduced, at least for original equipment 
manufacturing purposes, there has been a dramatic 
increase in interest in such devices for the electrical 
appliance market. By the end of the year, a number 
of manufacturers are expected to introduce SCR - 
controlled appliances in what may well prove to be 
a new and major breakthrough of electronic appli- 
cations in the home. 

Basically an SCR is a four -layer n -p -n -p device 
( Fig. 1) whose primary application is in electronic 
switching and power- control circuits. 

Asa rectifier, the SCR will conduct current in 
only one direction. But, unlike a conventional recti- 
fier, which begins to conduct almost the instant its 
anode becomes even slightly positive with respect 

to its cathode, the SCR will remain nonconductive, 
even in a forward direction, until the anode voltage 
exceeds a certain minimum value called the "for - 
ward breakover voltage" (V15) . Moreover, the value 
of 17110 can be varied through the injection of a signal 
to the third or gate element of the device which 
governs the amplitude of the anode voltage needed 
to cause conduction or firing. It is this characteristic 
which makes the SCR an ideal switch or power - 
control device, especially in high -power circuits. 

In electronic switching, the SCR can successfully 
replace thyratrons, vacuum tubes, and power tran- 
sistors. In electromechanical equipment, it replaces 
switches, relays, variable autotransformers, rheostats, 
and timers. As safety devices they can take the 
place of fuses and circuit breakers. Moreover, they 
can duplicate the functions of magnetic amplifiers 
and saturable reactors and can serve as high -speed 
protective devices and as lightweight, compact 
power controls. It is in the area of power control 
that they are likely to make their greatest impact 
on the appliance market. 

With SCR control it is possible to continuously 
vary the amount of current supplied to an electrical 
appliance, thereby providing a precise degree of 
control over the output of light and heat and over 
the speed of universal motors. While it may appear 
that similar control can be provided by a conven- 
tional rheostat, the SCR can accomplish this without 
the power wasting effect of rheostats and, in higher 
power devices, it can be less expensive and is much 
smaller and lighter than an equivalent rheostat 
would be in a similar application. 

How It Works 
For an over -all indication of how an SCR operates, 

consider the voltage -current relationship of the 
device as illustrated in Fig. 2. In this diagram, the 
gate terminal is considered to be open- circuited, or 
shorted to the cathode, and external voltage is ap- 
plied only to the anode -cathode terminals. Under 
these conditions, it is evident that the reverse -bias 
voltage- current relationship (anode negative with 
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INTERNAL STRUCTURE SCHEMATIC SYMBOL 

CATHODE 

GATE 

Fig. 1. Simplified cross -sectional drawing showing the inter- 
nal structure of the all- diffused silicon controlled rectifier. 
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Fig. 2. Curve showing the anode -cathode characteristics of 
controlled rectifier with gate open or shorted to cathode. 
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Fig. 3. Static characteristics with various gate currents. 

respect to cathode) is identical to that of a reverse -biased 
conventional rectifier. As the reverse voltage is increased 
beyond the breakdown level, the semiconductor junction 
goes into avalanche and is usually destroyed because of the 
excessive junction temperature created by the relatively 
high power dissipation ( voltage- current product) . 

Under forward -bias conditions, however, the character- 
istics curve is entirely different. As forward bias is increased, 
in the region from A to B, there is virtually no current flow 
through the device (except for a small leakage current sim- 
ilar to the reverse leakage current). 

At point B, the forward breakover voltage, an avalanche 
action takes place and current tends to rise very rapidly. 
But, if the external load resistance is low enough to permit 
a rise in current to point C, an unusual "switchback" effect 
takes place. At the breakover- current value, point C, the volt- 
age across the rectifier suddenly drops to a very low value, 
and the device acts very much like a conventional rectifier. 
The internal resistance of the device becomes very low and 
the current is limited primarily by the applied voltage and 
the external load resistor. 

Note here the difference between the reverse and forward 
characteristics of the SCR. In the reverse direction, when 
the avalanche breakdown voltage (X) is exceeded, the re- 
verse current rises rapidly but the voltage across the device 
itself remains essentially at the breakdown value. The power 
dissipated in the rectifier, therefore, is extremely high and 
the device is usually damaged irreparably. For this reason, 
a rectifier or SCR is never operated beyond its reverse- break- 
down point. 

In the forward direction, due to the switchback phenom- 
enon, the internal resistance of the SCR suddenly switches 
from a very high to a very low value. Thus, in a circuit con- 
taining an SCR in series with a load resistor, the voltage 
across the SCR in a conductive state is negligibly small 
and current through the device can reach extremely high 
levels before rated junction temperature is exceeded. 

From the foregoing discussion it can be appreciated that 
the SCR, with the gate open or shorted, acts very much like 
a voltage- operated switch (provided the operating voltage is 
in the forward direction) . At voltage levels below the break- 
over point, the switch is open, and beyond the breakover 
point the switch is closed. To cause a change in the switch 
position from "off" to "on," it is merely necessary to increase 
the source voltage, say, from zero to the breakover -voltage 
value. 

To cause a change in the switch position from "on" to 
"off," however, is quite another matter. In the "on" condition, 
the voltage drop across the SCR is extremely low and al- 
most the total applied voltage appears across the external 
load resistor. Reducing the applied voltage does not mate- 
rially change the voltage drop across the SCR. It does, 
however, reduce the current through the load resistance 
and, equally, through the series -connected SCR. Hence, as the 
voltage is reduced, current in the circuit decreases until a 
va'_ue is reached which is not sufficient to sustain the ava- 
lanche condition within the SCR. Below this current value, 
called "holding current," the SCR again reverts to its high - 
resistance condition and the switch is shut off. 

Using the Gate Terminal 

At this point one might logically ask, "What is the value 
of this type of performance ?" It must be admitted that ap- 
plications for this characteristic are indeed limited. There 
are some possible uses, as voltage- operated safety devices, 
for example, but the SCR's function for even these uses can 
be greatly improved by using its third or gate terminal. 

Consider now the theoretical static characteristics of the 
SCR which are often used to explain its operation with 
various current levels injected into the gate terminal, as 
shown in Fig. 3. With no gate current applied, the anode 
voltage must reach point A before breakover occurs. Nov, 
if a small amount of voltage is applied to the gate so that the 
gate terminal is positive with respect to the cathode, gate 
current flows and the forward breakover voltage of the rec- 
tifier anode is reduced to point B. If the gate current is in- 
creased further, anode breakover occurs at point C and, for 
still higher levels of gate currents, the SCR characteristics 
approach those of a conventional rectifier, point D. 

The word "theoretical" has been emphasized in the above 
paragraph because this type of explanation can lead to er- 
roneous assumptions regarding actual applications for the 
devices. It leads to the assumption, for example, that the 
SCR could be held at just below the breakover point for a 
certain anode potential by the application of a specified 
value of d.c. gate current. In actual practice, however, this 
is not the case. While the phenomenon of Fig. 3 can be read- 
ily observed, the gate -current range over which anode break- 
over is reduced from its open -gate value to virtually zero is 

extremely small. Moreover, this gate -current range varies 
from one device to another so that no accurate specifications 
of this type can be developed. 
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Fig. 4. Gate firing characteristics of type MCR -808 SCR's. 

Therefore, the conventional method of operating SCR's is 
to supply a gate signal of sufficient amplitude to assure firing 
of all devices. A plot as illustrated in Fig. 4 for Type MCR -808 
devices, clearly shows the magnitude of gate voltage and 
current needed for reliable triggering. For these units it is 
seen that a gate signal of 3.5 volts and 0.1 ampere will trigger 
all devices of this type, although triggering for most devices 
can be achieved with much lower gate signal values. 

An important point here is that the amount of gate cur- 
rent required to change the VH O point from its zero- gate -cur- 
rent value to almost zero is very small -on the order of 
milliamps. And, since the SCR in the breakover or "on" 
condition can handle many amperes of current, the current 
gain of the device is quite high. In this respect the device 
acts very much like a sensitive relay where a small amount 
of current through the relay coil can control a much larger 
current in the relay contact circuit. 

There is, however, a major and important difference be- 
tween the operation of a relay and an SCR. With a relay. 
the contacts will close as soon as an activating current is 
applied to the relay coil and they will remain closed only 
as long as the activating coil current is present. With an SCR, 
the "contacts" will close (the resistance between cathode 
and anode is reduced to a very low value) as soon as the 
required gate current is applied, but they will remain closed 
(the SCR will remain in a breakover condition) even if the 
gate current is removed. Once fired, the gate loses all con- 
trol and the "switch" will remain in a "closed" or latched 
state irrespective of any current or voltage applied to the 
gate terminal. 

The only way to turn off an SCR that is in the "on" state 
is to reduce the anode current below the level of the hold- 
ing current needed to sustain anode conduction. This, in a 
d.c. circuit, can be accomplished in a number of ways, such 
as mechanically interrupting the load current, reversing the 
voltage polarity from anode to cathode, shunting the major 
portion of the load current around the SCR, or by means of 
commutating capacitors or the use of LC circuits in the 
load circuit. 

For a.c. circuits, which are of primary interest in the 
home appliance field, the SCR is turned off at the end of 
each positive -going half -cycle of applied anode voltage. 

Ratings & Packages 
Today's SCR's are available with maximum forward -cur- 
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rent ratings ranging from approximately 1 amp up to as much 
as 300 amps and with reverse breakdown voltage ratings 
from 25 to 1500 volts. Forward breakover voltages are nor- 
mally much higher than reverse breakdown ratings so that a 
device that will break down under relatively low reverse 
voltages may be able to successfully block forward voltages 
of several hundred volts. Since the cost of SCR's increases 
with increasing reverse -voltage ratings, it is often desirable 
to design circuits in which the reverse voltage is prevented 
from appearing across the SCR anode -to- cathode terminals. 
This can be done by shunting the SCR with a conventional 
diode, connected in such a way that the diode conducts 
when the voltage across the SCR tends to reverse direction. 
In this way, the maximum reverse voltage across the SCR 
will be equal to the forward -voltage drop of the diode -on 
the order of a fraction of a volt -and, in many instances, the 
cost of the SCR -diode combination will be less than the cost 
of an SCR with a high reverse -voltage rating. 

While high -current SCR's are required for many indus- 
trial applications, devices with current ratings in the 10- to 
25- ampere range are most likely to meet the need of the ap- 
pliance industry. Units of this type are available in three 
basic packages with a variety of mounting possibilities, in- 
cluding the single -hole -mount stud package, the popular dia- 
mond package, and the highly versatile press -fit package. 
It is the press -fit package, designed specificall\ for high- 

STUD PACKAGE DIAMOND PRESS -FIT 
PACKAGE PACKAGE 

Gate -w-- 
-Cathod. 

l, Jr 

Anode -% 
65 

Maximum Forward Anode Current Rating 

- Anode 
Cathode-- 

Gate 

u,. 

Gate4.- 
Anod[ 

-**Cathode 

25 amps. r.m.s. 20, 25 amps. r.m.s. 1$ amps. r.m.s. 
Maximum Peak Forward Anode Voltage Rating 

600 v. 600 v. 600 v. 
Maximum Peak Reverse Anode Voltage Rating 

20, 50, 100, 150, 200, 25, 50, 100, 200, 25, 50, 100, 
250, 300, 400, 500 v. 300, 400, 500 v. 200, 300, 400 v. 

Fig. 5. Typical specifications for various SCR packages. 
These types are suitable for use in home appliances. 

Fig. 6. A simplified circuit which shows power control. 

VBo 
AT I GATE °0 

APPLIED VOLTAGE 
(E°) 

CATHODE ANODE 

GATE 

PULSE GEN. 

RL 

LOAD 
CURRENT 

GATE 
CURRENT 

LOAD 
CURRENT 

GATE 
CURRENT 

o 

29 



APPLIED VOLTAGE 

TRIGGER 
LEVEL 

GATE 
VOLTAGE 

117 V.A.0 

LOAD CURRENT 

//// POS.0 \\\\ POS.B 

Fig. 7. A simple half -wave motor speed control circuit. 

Fig. 8. Circuit that permits the control of both alternations. 
Diode across motor field protects circuit from reverse voltages. 

volume, low -cost production, that is largely responsible for 
the SCR price reductions that have recently been announced. 
Typical case configurations and their respective internal 
connections are illustrated in Fig. 5. 

Principles of SCR Power Control 
To understand how the electrical characteristics of silicon 

controlled rectifiers are generally employed for power -control 
purposes, consider the simplified schematic of Fig. 6. Here 
the SCR is connected in series with a load resistance and 
an a.c. power source. A separate pulse circuit supplies posi- 
tive -going trigger pulses to the SCR gate. 

The SCR is selected to have a Vvo rating that is higher 
than the peak value of the applied a.c. anode voltage. This 
means that under conditions with no signal applied to the 
gate, the SCR will remain in the off condition at all times 
and no current will flow through the load ( except for some 
slight forward and reverse leakage currents) . 

Fig. 9. SCR controlled light- dimmer circuit. Although much 
simpler circuits can be used for this purpose, including the 
circuits previously shown for motor -speed control, this cir- 
cuit provides a full range of light- brightness control. This 
arrangement employs a fufll -wave bridge rectifier, a zener 
diode (D1) to clip and regulate the voltage applied to uni- 
¡unction transistor 01, and an SCR. By varying the value of 
R2, the charging rate of C can be controlled so that the trig- 
ger pulse across R4 can appear at any point of each applied 
half -cycle. This results in complete control over the SCR. 

FUSE 

LAMP 
LOAD 

TO 500 

If a gate trigger pulse of sufficient amplitude is applied 
at the beginning of the positive -going anode cycles, the 
breakover voltage of the SCR can be reduced to the point 
where breakover will occur almost at the beginning of the 
anode cycle. The SCR, therefore, is turned on and will re- 
main in the on condition for the remainder of the positive 
half of the anode cycle even though the gate trigger pulse 
is removed. Load current will follow the positive -going anode 
voltage, being limited principally by the value of the load 
resistance. During the negative portion of the anode voltage, 
load current will be cut off entirely, irrespective of any gate 
signal. 

If the gate trigger pulse is delayed so that it occurs, for 
example, at the peak of the positive anode cycle, the SCR 
will conduct for only a quarter of a cycle. By introducing a 
variable phase shift between anode and gate signals, complete 
control can be achieved over the positive half cycle of anode 
voltage. For equipment whose output depends on the average 
value of the load current (such as the light from an incan- 
descent bulb, the heat from a heating element, or the speed 
of a universal motor), this provides the means for controlling 
the output from zero to some maximum value. 

Of course, for a simple half -wave circuit the maximum 
output will not be as great as if both halves of the anode 
cycle were utilized. Maximum control can thus be obtained 
by using SCR's in full -wave or bridge circuits. 

Typical Circuits 

A simple SCR control circuit, in this case a motor -speed 
control for electrical appliances, is shown in Fig. 7. 

In this circuit, the anode -cathode terminals of the SCR 
are connected in series with the motor field and armature 
across the 117 -volt a.c. line. Resistors Rl and F2 in series 
with potentiometer R3 represent a voltage divider from 
which the gate signal is derived. 

Values for the resistive divider are calculated so that, 
with the variable arm of R3 in position A, the amount of gate 
current is not great enough for SCR triggering even at the 
maximum instantaneous anode potential. With the control 
advanced to point B, enough gate current would flow at the 
peak of the cycle to trigger the device. At that point, field 
current would flow during 90° of the applied voltage. At 
point C, the firing potential would be reached sooner so that 
load current would flow for perhaps 130° or more of the 
applied voltage. This circuit offers control over almost half 
of the positive -going portion of the applied voltage. During 
the negative half cycle, SCR current is cut off. 

Diode D1 is inserted in the gate circuit to block the ap- 
plication of excessive reverse current to the gate electrode 
which could result in damage. 

A more elaborate circuit, one that permits the control 
of both halves of the applied voltage cycle, is shown in Fig. 
8. Here, a full -wave rectifier bridge is employed in such a 
way that the voltage applied to the divider and SCR circuit 
is pulsating d.c. comprising both halves of the input cycle. 
Operation otherwise is similar to the previous circuit. The 
utilization of the entire input cycle in this bridge circuit 
permits higher maximum motor speeds and smoother opera- 
tion than obtainable in the half -wave configuration. 

One advantage of SCR control is that the circuits often 
can be designed to accomplish additional functions. This is 
illustrated in the above designs, patented by Momberg and 
Taylor of Singer Mfg. Co., where the SCR is connected be- 
tween the motor field and armature. In this type of connec- 
tion, for all but the maximum -speed setting, voltage feedback 
from the motor tends to keep the motor speed constant under 
varying loads -an advantage that is of considerable im- 
portance in the power tool field. 

In each of these circuits, of course, the load may be a 
heat- or light- producing appliance provided that the current 
rating of the SCR is high (Continued on page 82) 

30 ELECTRONICS WORLD 



HE chief characteristic of a 
power -supply filter is, of course, 
how well it filters -how little a.c. 

ripple voltage is present at the output 
terminals. This chart makes it easy to 
check the usefulness of a particular com- 
bination of L and C without long calcu- 
lations or impedance diagrams. 

The chart is constructed to represent 
a single- section choke -input LC filter like 
the circuit shown on the chart. The re- 
sistor RI. represents the total effective 
load resistance connected to the power 
supply: the supply voltage divided by 
the full load current. The bleeder resistor 
can be included in the calculation of load 
resistance if desired; the effect that it 
will have on the filtering depends on the 
curvature of the "C" curve being used. 
The answer obtained is the percent rip- 
ple, which is defined as the r.m.s. value 
of the output ripple voltage, times 100, 
divided by the d.c. voltage. 

An additional scale for critical induct- 
ance is placed just beside the resistance 
scale. This is the minimum value of in- 
ductance that should be used to prevent 
the output voltage from rising toward 
peak a.c. voltage when small current is 
being drawn, such as when the load is 
removed and only bleeder current flows. 

The simplest problem that can be 
solved with this chart is shown by the fol- 
lowing example, which is illustrated on 
the chart itself. Suppose that you need a 
100 -volt power supply that will deliver 
25 ma. full load and you want to know 
whether a 4 -henry choke and a 4 -1tf. ca- 
pacitor will give sufficient filtering. Di- 
viding voltage by current gives a load 
resistance of 4000 ohms. The horizontal 
line passing through 4k ohms on the Ra 
scale cuts the 4 -1.f. C curve at some point. 
A vertical line is drawn from this point 
upward until it cuts the 4 -henry L curve 
in the top section of the chart. Then a 
horizontal line is drawn through this new 
point, and the answer is read where it 
cuts the "% Ripple" axis -in this case, 
4.3 %. Whether this is sufficiently small 
depends on the equipment using the 
supply. 

The filtering ability of a two -section 
choke -input filter can be determined by 
using the nomogram twice, once for each 
LC section; converting the two values of 
percent ripple to decimal fractions; mul- 
tiplying them together; and then multi- 
plying the product by 100 to obtain an 
over -all percent ripple output. The same 
value of RI. can be used for both sections 
with small error. By repeating the con- 
struction in the example above, you can 
check the filter's performance for varying 
load currents. If a swinging choke is 
used, a similar series of constructions will 
show its effect, if the proper L curve is 
used for each value of load current. 

In constructing a chart such as this, it 
has been necessary to ignore certain 
problems, such as choke, transformer, 
and rectifier voltage drops; choke core 
saturation; bleeder current; and compo- 
nent voltage and current ratings. To com- 
pletely analyze a power supply you must, 
of course, take these into account. How- 
ever, this chart can provide quick, easy 
solutions for the problem of filter design, 
and save a lot of "calculations." 
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RIPPLE-FILTER 
DESIGN (:HART 

By A. L. TEUBNER 

Performance of single -section choke -input filters 
can be determined readily by use of straightedge. 
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RECENT 

DEVELOPMENTS 

in ELECTRONICS 

Microwaves Produced by D.C. Field. (Right) The discov- 
ery that microwaves can be genera :ed simply by passing 
an electric current through a small block of gallium 
arsenide at room temperature was reported recently by 
an IBM scientist. Frequencies ranging from 500 to 
6500 mc. have been produced, with peak power output 
of 1 watt at 1000 mc. So far only pulsed operation 
has been achieved Note the osc Ilations produced 
along the top of the pulse shown in the lower scope 
trace. The upper waveform is a magnification of these 
oscillations. Over -all power conversion efficiency from 
d.c. to a.c. in the samples measured so far is 1 to 
2 %. The effect was discovered while measuring resis- 
tivity of the material as a function of electric field. 

32 

Six -Gun CRT. (Above) This six -in -one electron gun is part cf 
a cathode -ray tube being manufactured by Sylvania for use in 
airborne countermeasures equipment. The use of a multi -gun 
makes possible simultaneous displays on one 10 by 12 inch rec- 
tangular tube faceplate. The complete tube is 21 inches long 
and uses electrostatic focus and deflection.... Rubber -Spiked 
Dead Room. (Top left) Over 2500 man -made foam -rubber spikes 
are used in this r.f. anechoic chamber to help engineers simulate 
what a missile in space will look like to a racer operator 
on earth. The energy -absorbent polystyrene pedestal at the 
rear vs nearly invisible to radar. It will be used to sup- 
port small ICBM anti -radar gear which can be mounted on mis- 
siles to jam enemy radar. Using radar located at tie other 
end of the chamber, engineers will be able to calculate with 
models how well their equipment will work in space. B. F. 

Goodrich fabricated the chamber for the Sperry Gyroscope 
Company.... Color -Tube Faceplates. (Bottom left) The stacks 
of phosphor- coated "saucers" are a small part of the inven- 
tory of faceplates for cathode -ray tubes that will soon be 
producing color -TV pictures. The funnels for the tubes are 
shown in the background. The photograph was taken at RCA's 
Lancaster, Penna. plant for which an $11.6 -million expansion 
program is planned. A portion of the appropriation will be 
spent on a new 46,000 square foot building that will be uti- 
lized for color- television picture -tube design and engineering. 
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Automatic Typesetting Via Satellite. (Right) A news story, 
computer -processed for immediate typesetting, was recently 
transmitted by way of the "Relay" communications satellite 
from this country to newspapers in England and Scotland. 
The story material was sent overland from Chicago to an RCA 
computer at Camden, N.J., where the copy was properly hy- 
phenated and spaced to conform with newspaper column 
width. From Camden, the signal travelled to Nutley, N.J., 
where it was transmitted to the "Relay" satellite, tnence to 
the Manchester "Guardian," Glasgow "Herald," and the Edin- 
burgh "Scotsman." The resultant incoming perforated paper 
tape was fed directly into automatic typecasting machines. 
Photo shows the outgoing tape being prepared at Chicago. At 
the left is a full -scale replica of the "Relay" satellite used. 
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Lasers in the Laboratories. Photo at top left shows Sperry 
scientist adjusting mirrors that make counter -rotating laser 
beams bounce around a ring to sense and measure changes in 
direction. Called a laser gyroscope, the device is being de- 
veloped as a space -guidance instrument that may rival the 
mechanical gyro. It can now detect motion slower than one - 
half a degree per minute. Photo shows the laser gyro's beam - 
combining mirrors arranged to prevent mode coupling, the 
reflection of light at one wavelength back into the cavity to 
interfere with light at the other wavelength. The center 
photo shows a laser being optically phase modulated. The 
scope in the spectrum analyzer shows the carrier flanked by 
the two sideband frequencies produced. The modulator con- 
sists of an electro- optical crystal in a resonant cavity 
driven by the r.f. power oscillator at the upper right in 
the photo. The changing field in the crystal causes its re- 
fractive index to vary thereby altering the phase of the co- 
herent light passing through it. The setup shown is being 
worked on in a Westinghouse laboratory. The laser in the bot- 
tom photo is being developed by G -E as a new tracking system 
to find and follow airborne targets. The unit emits high - 
energy pulses of light at the rate of 40 per second. Pre- 
vious lasers of th -s type have been able to reach rates of 
only 10 pulses per second and for only short periods of time. 



IF you have not followed recent battery developments, you 
may be surprised at the variety now available and the 
jobs they can do. The differences are not simply a mat- 

ter of size, voltage, or capacity. Batteries are specially tail- 
ored for constant or intermittent use, for light or heavy 
current drain, for long -term stability, or for dependable 
performance under rugged conditions. The right battery for 
a particular application may last ten times as long and rep - 
resent a significant savings over a battery selected at ran- 
dom. Conversely, it is uneconomic to use a more expensive 
battery where a conventional type will do as well. 

Much of the current interest in batteries stems from mili- 
tary and space needs. In addition, the low power consump- 
tion of transistors has given impetus to the production of 
small batteries needed to operate portable radios, television 
sets, and communications equipment. Also, the normal hu- 
man desire to avoid extension cords and to use self -contained 
power sources wherever possible has led to cordless power 
tools, electric shavers, model automobiles and boats, portable 
dictating machines, electronic photoflash equipment, and 
many other battery- operated devices in both industrial and 
consumer fields. 

It is interesting to note that despite the high level of 
battery performance already achieved, there is room for much 
improvement. Many electrode materials are capable of far 
greater efficiency than those now used. The difficulty is find- 
ing practical combinations of anode, cathode, and electro- 
lyte materials which will work well without introducing 
unwanted side effects. Lithium, sodium, and potassium, for 
example, have theoretically high ampere -hour capacity and 
e.m.f., but cannot be used with aqueous electrolytes. Other 
anode materials are limited by excessive polarization and 
corrosion. The search continues,, however, and experimental 
batteries presently in the laboratory stage may one day re- 
place some of the types now in general use. 

Definitions 

Strictly speaking, a battery is a combination of two or 
more individual cells, connected in series, parallel, or series - 
parallel to give the desired voltage and current capacity. 
The term is applied loosely, however, to single cells. Dry 
cells have four major components: the anode, the cathode, 
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Fig. 1. At present, the carbon -zinc cell is the most popular 
type of primary cell, accounting for bulk of dry cell sales. 

an electrolyte, and a depolarizing agent. The last is a chemi- 
cal added to the cell to counteract undesired effects of chemi- 
caI changes that occur when current is drawn. Polarization 
usually involves hydrogen accumulation at an electrode, 
which increases the internal resistance of the cell and causes 
a drop in working voltage unless it is removed. 

Batteries are divided into two broad classes: primary and 
secondary. Primary batteries convert chemical energy to elec- 
trical energy through a process that is not easily reversed. 
They are therefore discarded when useful amounts of energy 
can no longer be drawn from them. Secondary batteries use 
reversible chemical reactions, permitting them to be re- 
charged and re -used many times. Recharging is accomplished 
by passing current through the battery in the direction oppo- 
site to the discharge current, thus restoring the chemicals 
to their original state. 

It is also common to classify batteries according to their 
intended use. "A" batteries are low- voltage types designed 
to supply current for the filaments of electron tubes, "B" 
batteries are high -voltage types intended as plate voltage 
sources, while "C" batteries are used for grid voltage sup- 
plies or in instruments such as ohmmeters. 

The voltage of a cell is independent 
of its size, and is determined by the 
electrode materials and the electrolyte. 
Working or closed -circuit voltage will 
normally be somewhat less than open - 
circuit voltage due to IR drop in the in- 
ternal resistance. Capacity is a measure 
of the stored charge and is usually stated 
in ampere -hours. 

Battery efficiency is a measure of total 
power in relation to size and it is usually 
expressed in watt -hours per pound (wh/ 
lb.) Theoretical efficiency is often much 
greater than that actually achieved, be- 
cause voltage and current may decline 
to unsatisfactory levels before the chem- 
icals in the cell are completely used. 

Carbon -Zinc Cells 

The carbon -zinc or Leclanche cell 
( Fig. 1) is by far the most popular type 
of primary battery, accounting for about 
90 percent of U.S. dry cell production. 
Originally invented in crude form almost 
a century ago, it has been vastly im- 
proved but still retains the same essen- 
tial elements. 

The anode or negative electrode is 

composed of high -purity zinc that also 
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The right battery in a particular application can 
last up to ten times longer than one chosen at 
random. Here is an explanation of the many types of 
batteries currently available, how they work, and 
where they can be used to the best advantage. 
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BATTERIES 
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serves as the container for the cell. Purity is important, since 
small particles of other metals result in the formation of 
many small cells on the inside surface of the zinc can. When 
this happens, the zinc is eaten away whether the cell is in 
use or not, and the small currents thus produced weaken 
the cell and waste the chemicals. This process is called 
"local action." 

The cathode (positive) electrode is a carbon rod made by 
mixing coke or graphite with pitch and heat- treating the 
mixture to make the electrode conductive. A metal cap which 
serves as the external contact is fitted to the rod. The de- 
polarizing agent, called "bobbin," is a homogeneous mixture 
of about 90 percent manganese dioxide and 10 percent car- 
bon black (Nvhich is added to increase conductivity) mois- 
tened with ammonium chloride. The electrolyte is a jelly 
consisting of ammonium chloride and zinc chloride, usually 
mixed with wheat flour or cornstarch. Inhibitors such as chro- 
mic salts are added to prevent corrosion of the zinc can. 

The initial open- circuit voltage of a carbon -zinc cell is 
about 1.5 volts. Where higher voltages are needed, cells are 
connected in series to form batteries. For this purpose, it is 
customary to construct individual flat cells, as shown in Fig. 
2, that contain the same elements as the cylindrical cells. 
They are sealed in plastic envelopes and are arranged in 
stacks. The entire assembly is then enclosed in a container 
with terminals connected to the top and bottom of the stack. 
Common ranges are 22'x, 45, and 90 volt batteries, made 
up of 15, 30, and 60 cells respectively. 

Since the zinc can forms one of the electrodes and the 
zinc itself takes part in the chemical reaction, it is possible 
for a puncture to develop in the container. To prevent this, 
some manufacturers place the entire cell in a steel tube in- 
sulated from the zinc electrode. 

Mercury Batteries 
The mercury battery was developed for practical use dur- 

ing World War II and has since undergone continued im- 
provement. It consists essentially of an amalgamated zinc 
anode, usually in the form of either a finely divided powder 
or a pressed shape, a cathode consisting of a mixture of red 
mercuric oxide with about 5 percent graphite which is 
molded under pressure into a shaped structure, and an elec- 
trolyte of potassium hydroxide containing zinc oxide. The 
electrodes are separated by two materials -a cellulose mem- 
brane to immobilize the electrolyte, and a porous plastic 
membrane between the cellulose and the cathode. 

Like Leclanche types, mercury batteries are made both in 
tubular -shaped single cells and in stacks of flat cells. The 
voltage of each cell is about 1.35 volts, and as many as 72 
cells may be stacked to form a 97.2 -volt battery for a portable 
transmitter. 

A mercury battery has far greater capacity than a Le- 
clanche battery of the same size, since there is complete 
utilization of 80 to 90 percent of the active materials. More- 
over, it will maintain a much more stable voltage over its 
life span, as illustrated in Fig. 3. For this reason, they are 
sometimes used as a voltage reference instead of a standard 
cell, and are often employed in pH meters and test instru- 
ments where stability is important. Because of their long 
life and constant output, they are widely used for hearing 
aids, transistor radios, and portable communications equip- 
ment such as walkie- talkies. 

Care should be taken never to exceed the recommended 
maximum current drain of a mercury battery. If current is 
drawn too rapidly, the depolarizer cannot take care of the 
hydrogen, causing a reduction in battery efficiency and a 
drop in the over -all working voltage. 

Alkaline Batteries 
Where especially high current drains are encountered, 

the alkaline- manganese dioxide -zinc battery is an excellent 
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choice. It differs from the Leclanche cell primarily in the 
highly alkaline electrolyte used. The two principal features 
are a manganese dioxide cathode of high density in conjunc- 
tion with a steel can that serves as a cathode current col- 
lector, and a zinc anode of extra -high surface area in contact 
with the electrolyte. These features, coupled with the use of 
a highly conductive potassium hydroxide electrolyte, give 
these cells very low internal resistance and high service ca- 
pacity. They are usually hermetically sealed. 

The cells are rated at a nominal 1.5 volts. The ampere - 
hour capacity is relatively constant over a wide range of 
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Fig. 2. Typical flat cell sealed in a plastic bag can be 
stacked to make various battery voltages and currents. 
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Fig. 3. Discharge curves of penlight -size Lsclanche and mer- 
cury cells through 150 -ohm resistors show that mercury cells 
maintain a more stable voltage over their active lifetime. 
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Fig. 4. Comparison of efficiencies of various types of cells 
shows that modern ones have double the capacity of the old. 
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current drains and a large number of discharge schedules. 
Alkaline batteries are cheaper than mercury batteries al- 

though more expensive than Leclanche types. However, 
heavy current drain impairs the efficiency of Leclanche bat- 
teries to such an extent that only a fraction of their energy 
can be utilized. The primary advantage of the alkaline bat- 
tery is its high efficiency despite continuous or heavy current 
drain. Under such conditions, it will provide more than ten 
times the service of the standard dry cell of equal size. It 
also works well under conditions of light current drain and 
intermittent use, but since the cost is greater it is cheaper 
to use Leclanche cells for normal service. 

Alkaline batteries have made possible battery -operated 

Fig. 5. Various sizes of nickel- cadmium cells can be packaged 
to make higher battery voltages. The cells are rechargeable. 
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Fig. 6. Cutaway view of a typical nickel -cadmium button cell. 

devices that were previously considered impractical because 
of lack of suitable power source. They are ideal for cranking 
motion picture cameras, for operating portable tape record- 
ers, and for powering the motors of models and toys. When 
used for electronic photoflash units using transistor or vi- 
brator circuits to step up low- voltage d.c. to the high voltage 
needed to charge the flash capacitor, they will give two or 
three times as many flashes as either photoflash or general - 
purpose cells. They easily handle current drains that strain 
the capacity of other types of batteries. 

Silver -Oxide Batteries 
The development of the silver oxide -alkaline -zinc (Ag_0- 

KOH-Zn) battery represents a major advance in miniaturiza- 
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tion. They provide higher voltage and greater milliwatt -hour 
ratings than any other commercially available batteries of 
equal size. The silver -oxide battery consists of a depolarizing 
silver -oxide cathode, a zinc anode of high surface area, and 
a highly alkaline electrolyte. In hearing -aid batteries, the 
electrolyte is potassium hydroxide, which provides maximum 
power at the required current drain. Sodium hydroxide is 
used in the tiny batteries used in electric watches. 

The open -circuit voltage of the silver -oxide cell is 1.6 
volts. At typical current drains, the operating voltage drops 
to 1.5 volts. The impedance is low and uniform, and does 
not change materially until the useful life of the cell is over. 
Such batteries can therefore be used as a reference voltage 
source in instruments. 

Shelf life of silver -oxide cells is excellent. Even after stor- 
age for a year at 70 degrees F, they will maintain 90 percent 
of their service life. Their performance is also good at low 
temperatures. This is accounted for in part by the relatively 
large surface area of the anode, which permits many times 
the service capacity at low temperatures as other types of 
batteries of comparable size. 

Experimental Cells 

Anode materials are selected, as far as possible, on the 
basis of their theoretical ampere -hour per pound capacity. 
Hydrogen, rated at 12,000 ah /lb. ( compared to 372 ah /lb. 
for zinc) is by far the best choice from this standpoint, but is 
not used because of the practical difficulty of constructing 
a battery with a gaseous electrode. The limitations on using 
lithium, sodium, and potassium were mentioned before. Be- 
ryllium, rated at 2695 ah /lb., is toxic and expensive. 

Because magnesium, rated at 999 ah /lb. is inexpensive and 
easy to handle, it is receiving increased attention as an anode 
material. Various cathode materials have been employed with 
it, especially metallic oxides, including those of silver, mer- 
cury, and copper. These have permitted high discharge cur- 
rents with little polarization and have been quite successful. 

A very promising experimental cell has been constructed 
using a magnesium anode, an m- dinitrobenzene cathode, and 
a magnesium perchlorate electrolyte. It provides a useful dis- 
charge current, relatively constant voltage, and a very high 
efficiency of about 90 wh /lb. (Fig. 4) . Preliminary tests in- 
dicate good shelf life and reliability. 

Nickel- Cadmium Secondary Cells 

Although lead -acid automotive storage batteries are by far 
the most common secondary batteries, they are far less im- 
portant in electronics than the small, hermetically sealed 
nickel -cadmium cells (Fig. 5) used in equipment ranging 
from hearing aids to space vehicles. For space use, nickel - 
cadmium cells are kept continuously charged by silicon solar 
cells that convert the sun's energy into electricity. For hear- 
ing aids, they are made in tiny button shapes and can be con- 
veniently recharged. 

In the charged condition, the positive electrode of a nickel - 
cadmium cell is nickelic hydroxide, while the negative elec- 
trode is metallic cadmium. The electrodes in both the button 
and cylindrical cells consist of molded screen -encased active 
materials (Fig. 6) . The electrolyte is potassium hydroxide. 
The operating voltage under normal discharge conditions is 

about 1.2 volts. 
Nickel- cadmium cells in hermetically sealed units are es- 

pecially desirable, since it is never necessary to add electro- 
lyte and there is no danger of spilling or leaking. Their design 
is not easy because during the latter part of the charge cycle 
and during overcharge, nickel -cadmium batteries generate 
gas; oxygen at the nickel electrode, hydrogen at the cadmium 
electrode. 

A conventional vented battery will liberate fumes through 
a valve. To hermetically seal a cell, it is necessary to develop 
a means of using up the internal (Continued on page 99) 
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CHECKING STEREO 
SEPARATION ANI) PHASE 

By RALPH GLASGAL 

Construction details on a simple device for monitoring 
dynamic separation and phase with music -signal input. 

IN his article "A Dimension Control for Stereo" (ELEC- 
TRONICS WORLD, April, 1961), the author showed how 
stereo directionality and presence are directly related 

to the separation ratio. The higher the separation ratio, the 
greater the stereophonic sound spread seems. The separation 
ratio is defined as the ratio of the average difference signal 
to the average sum signal. As their names imply, sum and 
difference signals are obtained by adding or subtracting the 
left and right channel signal voltages. In mathematical sym- 
bols, the separation ratio ( S.R.) may be expressed as S.R. _ 
(L- R) /(L +R). 

When a monophonic disc is played with a stereo pickup 
through a balanced in -phase stereo playback system and 
listened to from a central location via two loudspeakers, all 
the sound will appear to originate from a single point between 
the loudspeakers. This lack of sound spread is to be expected 
since a monophonic recording contains no separation infor- 
mation. The separation ratio for a monophonic recording 
must therefore be zero. This means that L- R is zero and 
L +R2R or 2L. 

When the difference signal is equal to the sum signal the 
separation ratio is equal to one. This occurs when the left 
and right channel program materials are totally unrelated, for 
only completely random and uncorrelated signal voltages can 
have equal average sum and difference voltages. Tapes made 
with microphones spaced too far apart, or pseudo- stereo rec- 
ords made lvith each channel recorded at a different time or 
location exhibit separation ratios of 1. Stereo recordings of 
two instrumentalists, one in each channel, may also ap- 
proach a separation ratio of 1 quite closely. For a separation 
ratio of 1, a centrally located listener hears two distinct sound 
sources from two fixed points. Altering the channel balance 
or phase under these circumstances has no effect at all on the 
apparent location or character of the two sound sources. 

A separation ratio of about .8 to .9 seems to provide the 
best compromise among directionality, separation, and center 
instrument presence. Recording of solo instruments centrally 
located usually have separation ratios smaller than average, 
while recordings of small combos often have ratios larger than 
average. In a sense, the separation ratio is a measure of center 
signal volume, for the more center signal information there 
is, the smaller the separation ratio even though there is no 
center information at all. This condition is approximated by 
the recording session layout in which closely spaced micro- 
phones are recording two groups of widely spaced instrumen- 
talists. 

It is possible to produce separation ratios greater than 1. 
In this case the difference signal is greater than the sum sig- 
nal. This is the situation that exists when correlated stereo 
program sources are being reproduced out of phase. ( See 
"Phasing the Stereo System," ELECTRONICS WORLD, Novem- 
ber, 1961.) With a separation ratio greater than one it is pos- 
sible to produce sound images that appear to originate from 
points separated by more than the distance between repro- 
ducing loudspeakers. Separation ratios greater than 1 do not 
occur naturally. There is no possible microphone or instru- 
mental arrangement that can produce two signals with sep- 
aration ratios greater than 1; therefore such ratios can only 
be the result of signal manipulation after recording or an in- 
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advertent out -of -phase condition. Since center instrument vol- 
ume is inversely proportional to the separation ratio, high 
separation ratios indicate greater and greater attenuation of 
the center program material, resulting in the all too familiar 
"hole -in- the -middle" effect. 

Measuring Techniques 
It is evident then that separation ratio measurements can 

be a useful tool in phasing stereo equipment and an aid in the 
adjustment of recording setups and separation controls. The 
separation ratio of stereo recordings was first measured by 
viewing the sum and difference signals simultaneously on an 
oscilloscope, with the sum signal connected to the horizontal 
input and the difference signal applied to the vertical input. 
A camera is used to take a time exposure of the resulting pat- 
tern on the oscilloscope screen. The left and right signals may 
be used directly if the resultant picture is then rotated 45 
degrees. A completely circular pattern represents a separation 
ratio of 1, a horizontal pattern a ratio of less than 1, and 
a horizontal straight line a ratio of zero. Ratios greater than 
one produce an oval pattern that is wider vertically than 
horizontally. It can be seen, however, that this method of 
determining the separation ratio is rather cumbersome and 
time -consuming. 

Fig. 1 is a simple circuit that measures the separation ratio 
of any program material on a continuous basis and also indi- 
cates the phase of the program material. The circuit contains 
only passive devices and requires no external power supply 
for operation. (Continued on page 98) 

RIGHT 
INPUT 

LEFT 
INPUT 

Fig. 1. Complete circuit diagram of the phase meter described. 
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R1,R2- 50,000 ohm pot 
C1 -20 µf., 3 v. not- polarized elec. ca- 

pacitor (can use polarized capacitor 
also) 

1111- 50.0.50 or 100.0.100 d.c. micro - 
annteter (Lafayette TM -13 or Tai - 
Ti) 

T1,T2- Stepdown trans. 10,000 ohm 
pri. to 2100 ohms for each sec. 
(Stereosonics 4'18- 3210. Available by 

mail at 52.00 per pair from Stereo - 
soaks, Inc., Box 4205, Long Island 
City 4, N.Y. Can also use two tran- 
sistor driver transformers, such as 
Lafayette TR -46, for each. Primaries 
connected in parallel.) 

SR1,SR2 -5 ma. high forward conduct- 
ance germanium diode (1N295 or 
equiv.) 
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TRANSISTORS 
FOR HI -FI Panacea or 
Paìideììionì it in? 

By D. R. von RECKLINHAUSEN, A. W. LINDER & E. H. L. MASON / H.H. Scott, Inc. 

Part 2. The transformer myth, germanium vs silicon transistors, semiconductor 
protection, and the design of a new integrated hi-fi stereo amplifier are covered. 

Editor's Note: Last month the authors discussed some of the facts 
and fallacies pertaining to the use of transistors in hi -fi amplifier 
circuits. The reason advanced for superior "transistor sound" was 
that the semiconductor amplifier is able to produce more avail- 
able music power than a tube amplifier. This concluding Part 2 

goes into additional misconceptions and winds up with details on 
a practical transistor amplifier design. 

WHEN designing transistor equipment, an engineer has 
Wto keep a number of factors in mind. First, transistors 
are current amplifiers instead of voltage amplifiers; 

transistors need a base bias current the same way tubes need 
a bias voltage for their control grids. Second, transistors have 
typically 3 to 1 tolerances in current gain (ß) . In contrast, 
the tube's voltage amplification factor (ti) is normally held 
to a ±20% tolerance. Since frequency response of transistors 
depends on their gain, properly designed feedback loops 
will provide the correct response. These feedback loops 
should also include d.c. feedback so that shifts in operating 
point can be compensated. Third, the maximum operating 
voltage of transistors is approximately one -tenth that of tubes, 
therefore, the impedance level of operation is correspond- 
ingly lowered, with a consequent increase in the values of 
the coupling capacitors that are required. 

General Design Considerations 
Since a transistor amplifier has to be used with external 

signal sources, level controls are definitely needed to bring 
the high peak output voltage of tube equipment to a level 
that can be handled by transistors. In addition, high input 
impedance is required so that accessory tube units are not 
driven into distortion by being loaded with a very low load 
impedance. This is one factor that has been neglected by 
many designers. Others have tried to overcome this by in- 
serting relatively large resistors in series with the transistor 
amplifier inputs. This raises the hiss level of the transistor 
amplifier unduly. After all, the tube units driving the cables 
to the transistor amplifier have low internal impedance (by 
virtue of feedback) and this low internal impedance serves 
to keep the noise level of the transistor amplifier low. The 
high input impedance cannot be achieved without adding 
an extra stage, but eliminating this stage would be false 
economy. 

Another mistake often made by designers of transistor 

equipment is to use the low input impedance of transistors as 
a means of roll -off to provide high -frequency equalization in 
magnetic phono preamp circuits. This works satisfactorily if 
the preamplifier is designed to work with only one particular 
model of cartridge. Since high- fidelity equipment may be 
used with cartridges of all makes, impedances, and configura- 
tions, these cartridges must also be accommodated. First, the 
input impedance of a preamplifier for magnetic cartridges 
should be on the order of 47,000 ohms. Cartridge manufac- 
turers seem to have agreed on this load as proper termination 
for their cartridges to remove residual resonances. Second, a 
level control is required in any proper amplifier design to 
accommodate the output voltages of various cartridges. To 
achieve the proper input impedance, all equalization must, 
therefore, be performed in a feedback loop. The preamplifier 
circuit diagram in Fig. 1 shows a design that takes the above 
factors into account. Fig. 2 shows the following tone -control 
network used in conjunction with the preamplifier. 

Protection of Transistors 
As mentioned in Part 1, transistors do not have a current - 

limiting mechanism. The only thing that ultimately limits 
current, when the transistor is driven with maximum base 
current, is the saturation resistance of the transistor itself. 
Therefore, transistors have to be operated carefully so that 
overdissipation does not occur, particularly in power output 
stages. It should be emphasized that there is no zero voltage 
grid -bias protection as with tubes. 

Overload kills transistors quickly. The small junction area 
of a transistor is limited in temperature rise which., when ex- 
ceeded, causes "punch- through" ( in effect, a short -circuit) . 

This happens extremely rapidly. Anyone who has worked with 
tubes is generally warned by a glowing plate when dissipation 
has been exceeded; yet the tube is not destroyed because it 
can take such an overload for a reasonable length of time. 
With transistors, there is not enough time to pull the plug. 

Therefore, transistors, and in particular power transistors, 
need protective circuitry which prevents overdissipation. 
Thermal switches and additional transistor circuitry have been 
tried with partial success. Fuses have also been used for this 
purpose. Ordinary fuses are much too slow; they have blowing 
times on the order of milliseconds to seconds. Even fast instru- 
ment fuses are too slow. They normally protect moving -coil 
volt and ampere meters. Recently, a series of extremely fast- 
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blow fuses has been developed with blowing times fast 
enough to protect power transistors. These are the only ones 
suitable for this purpose. 

In designing a power amplifier, one should know how much 
output power will result and also how much dissipation occurs 
within the output transistors themselves. For example, an 
ideal class -B circuit will operate at its maximum power output 
with a theoretical efficiency of 78%. At approximately 40% of 
maximum output power, the efficiency of this circuit is 
reduced to 50% and maximum heating occurs when operating 
into a resistive load. Also, it should be remembered that when 
transistors operate into a purely reactive load, this reactive 
load cannot dissipate any power whatsoever; wet the same 
maximum voltages and currents still occur within this imped- 
ance. All this current and voltage has to come from the d.c. 
power supply. Therefore, all power drawn from the supply 
has to be dissipated within the output stage itself. This is- 

when maximum heating occurs. When this fact is neglected, 
disappointingly short transistor life will result. 

Current limiting in a transistor output stage can be pro- 
duced by limiting the amount of drive current. This is not a 
safe design for production because transistor current gains 
llave their customary 3 to 1 spread, resulting in a 3 to 1 spread 
in collector current of the output transistor, and therefore a 
3 to 1 spread in dissipation. Again, proper protection is an 
absolute "must" in such a circuit. 

The Output -Transformer Myth 
In high -fidelity equipment, the three standard loudspeaker 

impedances (4, 8, and 1G ohms), have to be accommodated. 
But, a transistor power amplifier has only one optimum load 
impedance for best performance. If it is desired to have equal 
and rated output into all of these standard impedances with- 
out discrimination, it is necessary to have some means of im- 
pedance matching. External transformers can be used for 
such a purpose, but these transformers may not be of a high 
enough quality to satisfy the most critical needs. Therefore, 
the best idea is to have a bifilar -wound autotransformer built 
into the amplifier to eliminate the problem. The response of 
such a transformer, when well designed, exceeds 4;_ decades 
in frequency. In contrast, the frequency range between 20 
and 20,000 cycles is only 3 decades. 

It is expected at this point to see some raised eyebrows 
because transformers seem to have come into some disrepute. 
If a transformer is designed properly, the distortion it intro- 
duces is insignificant compared to the distortion present in 
the program material or the rest of the high -fidelity system. 
After all, program material travels through at least 5 trans- 
formers before reaching the listener's high -fidelity equipment. 
This occurs even when receiving a live broadcast from a local 
FM broadcast station having its transmitter and studio equip- 
ment in the same building. 

Customarily in broadcasting, a larger number of transform- 
ers are used. For example, Boston's local high -fidelity stereo 
music station, WCRB, is perhaps typical. When making a 
local live announcement, 23 transformers per channel are 
between the announcers microphone and the transmitter out- 
put. When making a live broadcast of the Boston Symphony 
Orchestra, a total of 33 transformers is involved, and this 
station meets all the FCC required frequency response and 
distortion specifications with ease. When making recordings, 
by the time the disc or tape has reached the listener's home, 
the sound on it has traveled through an average of more than 
10 transformers per channel. Therefore, one or two additional 
transformers will not make any difference providing these 
transformers are of acceptable quality. 

Choice of Output Circuits 
When designing the output stage of an amplifier, an engi- 

neer has the choice of several circuits. He can follow the cir- 
cuits, for example, as shown in the General Electric transistor 
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manual. These same circuits have appeared in a number of 
magazines. Here, each power transistor or parallel pair of 
output transistors needs a direct -coupled driver stage and two 
such sets with a pre -driver transistor comprise the basic ampli- 
fier. This is a somewhat dangerous circuit because failure of 
any one of the four to six class -B transistors involved may 
cause the failure of either most or all of the other transistors. 
In addition, only high -voltage transistors can be used in such 
a circuit. What's more, all have to be very carefully matched 
to each other to achieve satisfactory results. 

The output stage can also be designed with a driver trans- 
former acting as a phase inverter. This is a considerably safer 
circuit since the failure of any one transistor can, at most, take 
only one more into its grave. Also, the phase shift of the full 
circuitry is more controllable and therefore feedback can be 
more easily applied, resulting in much better performance. 
Also, the bias of each output stage can be adjusted separately, 
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Fig. 1. Phono preamp circuit showing feedback equalization. 
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such as is done in high -quality tube amplifiers. This results 
in a further reduction of distortion. In addition, less transistor 
matching is required. A still further reduction in distortion 
occurs because all driver transistors are operated class A. A 
good driver transformer for such a circuit has a frequency 
response fiat over 5 decades. 

Distortion at low listening levels is of great importance since 
most listening is done at low volume. Of course there will 
always be a few people who consistently listen at loud levels, 
but chances are they are in the minority. Obviously, the tran- 
sistor amplifier has to perform satisfactorily at loud listening 
levels too, but the quality of performance at low listening 
levels brings out the difference between a good design and a 
marginal one. To achieve such low distortion, the output tran- 
sistors have to be matched not only in current gain but also 
in input impedance over the entire expected current range of 
operation. In a transformer -driven output stage, only two 

Over -all and inside rear views of the transistor stereo amplifier. 

transistors per channel need such matching. In direct -coupled 
circuitry, anywhere between four and six transistors per chan- 
nel require such matching. If any transistor failure occurs 
with the necessity of replacing others, fewer difficulties can be 
anticipated with a transformer- driven output stage than with 
a direct- driven output stage. 

Temperature compensation is needed in a power -output 
stage since transistors change their characteristics with tem- 
perature. The best means for accomplishing this is to use 
temperature -sensitive bias- compensating diodes plus bias -ad- 
justment controls. Fig. 3 shows such an output stage design. 

Germanium or Silicon Transistors? 
There has been considerable argument as to which transis- 

tors are better for audio use. The battle between germanium 
and silicon types rages back and forth. At the present time, 
here are the results which can be expected with the various 
types. When talking about alloy transistors, the silicon alloy 
transistor is better. It has a cut -off frequency ( where gain is 
3 db down) somewhere between 15 and 25 kc. In contrast, 
germanium alloy transistors have a cut -off frequency between 
3 and 8 kc. This causes distortion at frequencies above one - 
half this cut -off frequency because feedback has to be reduced 
to maintain amplifier stability with reactive loads. In addition, 
the current gain of silicon transistors is very low, certainly too 
low to provide an adequate amount of feedback even at lower 
frequencies. Furthermore, tolerances of silicon transistors are 
higher than for germanium. 

Fortunately for high -fidelity purposes, germanium diffused - 
junction transistors have become available. These transistors 
are best for audio purposes because their cut -off frequency 
is well above the audio -frequency range. Also, their current 
gain is very high and their phase shift is less than 90 degrees 
to vel1 above AM broadcast frequencies. This permits a feed- 
back design for good stability with all reactive loads. At the 
present time, this cannot be done satisfactorily with silicon 
transistors because of their lower gain and greater phase shift 
at very high frequencies. Even an additional stage of gain 
would not help, because the added phase shift at high fre- 
quencies would not permit more feedback. It is hoped and 
expected that in the future silicon transistors will become 
available that will overcome the above drawbacks. 

The desired power output also determines the supply volt- 
age required for the output stage and the regulation needed. 
At the same time, the choice of the output voltage permits 
inclusion of an adequate safety margin for proper operation. 
The pre -driver transistors should have extremely wide band- 
width and have gain -bandwidth products extending into the 
several hundred megacycle region. This permits design of the 
over -all circuitry with minimum phase shift and adequate 
gain. All of this allows an amplifier to be designed which can 
maintain a high degree of stability. 

Power Supply and Preamplifier 
In the design of preamplifiers, extensive feedback should 

be used. This reduces distortion and stabilizes gain. For ex- 
ample, tone controls and low- frequency shop -cut -off filters 
should be in feedback loops so that over -all gain and fre- 
quency response is maintained under all conditions. In addi- 
tion, level controls should be provided so that a wide range 
of input voltages from various sources can be accommodated. 
The impedance of the amplifier at its various inputs should be 
such that all cartridges, magnetic or ceramic, and all high - 
level sources can be accommodated without mismatch. All 
these requirements have been met in the amplifier whose cir- 
cuit diagrams are shown in Figs. 1, 2, and 3. These circuits 
are schematics of the various sections discussed above. Inter- 
connections and other details have been omitted for sim- 
plicity. Two identical channels are used for stereo. 

The power supply for the amplifier output stage is not 
regulated because of the high power that would be dissipated 
by the regulator circuit itself. However , the supply has a low 
internal impedance permitting adequate output under both 
music -power and steady -state conditions. One single -ended 
supply is used rather than two supplies such as are found in 
many transistor amplifiers. We decided to use a large coupling 
capacitor from the output stage to the load and thereby avoid 
any direct current in the loudspeaker voice coil. Such current 
would tend to pull the loudspeaker cone away from its normal 
position. In addition, the maximum energy which could be 
stored in the resonant impedance of a loudspeaker system 
or improper external matching transformers cannot be higher 
than the energy stored in the output coupling capacitor. Such 
energy would have to be dissipated within the output transis- 
tors when overdriven. Limiting this energy is a further way 
of protecting the output transistors. 

All low -level stages operate from a regulated portion of the 
power supply. Hence, they are not subject to supply -voltage 
hum and power -line or low- frequency transients due to the 
variable power supply load imposed by class -B operation of 
the output stages of the transistor amplifier. 

Amplifier Construction Requirements 
Adequate heat sinks must be provided for the output tran- 

sistors. At a music -power level of 30 watts per channel or 
even somewhat less, the chassis is an inadequate heat sink. 
If heat sinks are too small, the temperature of the output 
transistors will rise excessively, resulting in their possible de- 
struction. Of course, allowance (Continued on page 64) 
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110W TO SELECT 
. . ., .... 

A CLOSED-CIRCUIT Tv CAMERA 
By WILLY SANDER / Sr. Project Engineer, CCTV, Blonder- Tongue Laboratories, Inc. 

Factors to he considered for rn-ius applications. The 
types of rirlirvrn trhr's, cameras. and their characteristics. 

CLOSED -circuit television (CCTV) is a modern method 
of communications which offers an almost unlimited 
variety of applications. It is presently being used in 

business, industry, banking, and education -almost anywhere 
where an extra pair of remotely located "eyes" can be 
employed. Whether it be for surveillance, security, remote 
observation of hazardous machinery, or signature identifi- 
cation, CCTV has been found to be a very useful as well as 
an economical tool. 

With recent advances in CCTV technology, the cost of 
installing and maintaining the equipment has been signifi- 
cantly reduced. Modern cameras offer not only low initial 
cost but also almost full automatic operation, making them 
practically as easy to use as a home television receiver. 

Cameras and Light 
The most important piece of equipment in any CCTV 

installation is the camera. Today one can buy a CCTV 
camera for a price ranging from approximately $500 to 
$5000 and more. In order to select the right camera for any 
installation, one must be aware of what features are neces- 
sary for a given application and what features are unim- 
portant. Before attempting to select a camera we must first 
investigate the requirements of the application. 

The first and most important thing to be considered is 
light. How much light is available on the scene to be tele- 
vised? Does the light vary during the time the camera is 
in use? What are the maximum and minimum expected 
light levels reflected from the scene? 

Many of the cameras on the market today use the most 
sensitive vidicons available, such as the 7735 -A or the 7325. 
These vidicons, when used in conjunction with a well -de- 
signed low -noise camera and a fast lens, will yield usable 
pictures with as little as J> footcandle reflected light. A 
"usable picture" is LISUally defined as one which has a small 
(hut not objectionable) amount of noise. While this type 
of reproduction is adequate in many cases, it is often foolish 
to live with such performance when, with the addition of 
some inexpensive lighting, one can get excellent performance. 

There is another important factor which becomes objec- 
tionable at low light levels and this is lag. Lag can best be 
described as the apparent transparency of objects which 
move rapidly across the field of view of the camera. In mod- 
ern cameras with automatic light -level compensation the 
more light reflected from the scene the less ghostly moving 
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objects will appear. This effect is also a very important 
function of the type of vidicons used. Some types are less 
subject to lag than others. Even within one type of vidicon, 
one can expect wide variations from unit to unit. 

Now let us consider light -level variations. Many of today's 
cameras contain what manufacturers call "automatic light - 
level compensator" circuitry. This circuitry really adjusts 
the target voltage on the vidicon automatically as the light 
level changes and is, therefore, more properly called "auto- 
matic target compensation (ATC)." Most manufacturers in- 
corporating this circuitry claim between 1000:1 and 4000:1 
allowable light -level changes for practically no change in 
the picture quality. These numbers are greatly dependent 
on the method of measurement but no industry standard 
has been established as yet. In general, one can assume that 
the light cannot be less than that advertised for a usable 
picture and can increase by the stated ratio. In other words 
a camera which yields pictures with II footcandle of reflected 
light and has 2000:1 ATC range can be used up to 1000 
footcandles without re- adjustment. 

In all of this discussion concerning light we have thus 
far ignored a very important factor -the lens. As in pho- 
tography, the f -stop of the lens plays a very important role. 
Most industrial television cameras are furnished with an f -1.9 
lens. When a manufacturer claims ;i footcandle usable sensi- 
tivity, he usually means with the standard lens as supplied, 
opened to its largest f-stop. If any other stop is used, the 
rules of photography apply, that is, twice as much light is 
needed for every f -stop that the lens is closed. 

To summarize our discussion on light; we must consider 
the scene to be televised from the standpoint of always 
having an adequate amount of light available for a suitable 
picture. This amount may be more than that advertised for 
a suitable picture especially if fast motion is expected in 
the scene. The light variations on the scene must fall within 
the capabilities of the camera to respond. The scene should 

Table 1. Horizontal and vertical field coverage for lenses. 

Distance 10 FEET 20 FEET 40 FEET 60 FEET 80 FEET 

Hor. Vert. Hor. Vert. Hor. Vert. Hor. Vert. Hor. Vert. 

LENSES: 

1/2" wide -angle 10' 7.5' 20' 15' 40' 30' 60' 45' 80' 60' 
1 "normal 5' 3.7' 10' 7.5' 20' 15' 30' 22.5' 40' 30' 
3" telephoto 1.6' 1.2' 3.3' 2.5' 6.6' 5' 10' 7.5' 13.3' 10' 
6" telephoto .8' .6' 1.7' 1.25' 3.3' 2.5' 5' 3.7' 6.6' 5' 
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DISTANCE f-1.5 f-2.5 f-4.0 f-5.6 

3' 2.8-3.25 ft. 2.6-3.4 ft. 2.5-3.8 ft. 2.3-4.2 ft. 
10' 8-13.4 ft. 7-17.5 ft. 5.9-31.7 ft. 5.1-260 ft. 
25' 15.2-70 ft. 12 ft.-inf. 9.2 ft.-inf. 7.4 ft.-inf. 
50' 22 ft.-inf. 16 ft.-inf. 11.2 ft.-inf. 8.6 ft.-inf. 

Table 2. Depth of field for 1 -inch lens on a vidicon camera. 

be uniformly illuminated and all of the rules that apply to 
photography will also apply to television. 

Environmental Conditions 
The environment in which a camera is to operate must 

either be suitable or adjusted by means of enclosures for 
proper operation. The first thing to consider is temperature 
variation. Is the camera operated outdoors? What temper- 
atures are expected during the seasonal variations? These 
factors are of utmost importance because a camera, as any 
piece of electronic equipment, can only operate within a 
limited temperature range. Many of the cameras on the 
market are suitably compensated to operate between a range 
of 10 and 131 degrees F. Whether or not a housing is neces- 
sary depends on the climate of the area where the installa- 
tion is made. Even if a housing is not required because the 
camera temperature range is adequate, the camera must be 
shielded from the direct rays of the sun as well as from rain, 
salt spray, and dust. Enclosures containing thermostatically 
operated heaters for use in cold climates as well as fans for 
use in warm environments are available. These same housings 
can be purchased with a number of accessories, such as wind- 
shield wipers, defrosters, which may be helpful. 

If a camera is to be operated in an atmosphere contain- 
ing explosive gases, such as may be found in a refinery or 
a hospital operating room, an explosion -proof housing will 
be required. This housing seals the camera from the gases, 
thereby eliminating the hazard of ignition. 

Another factor which could be considered part of the 
camera environment is the source of power for the unit. 
There are few areas, if any, where the line voltage cannot be 
expected to vary a few volts during the day. Voltage regu- 
lation of the camera's power supply is an absolute necessity 
for all applications. A camera is very sensitive to voltage 
variations. Units which do not have regulated power sup- 
plies will give an out -of- focus, unusable picture if the line 
voltage changes as little as 5 volts. If in doubt, the best test is 
to actually change the line voltage by means of a variable 
autotransformer and observe the picture quality. Cameras 
which have properly designed regulated power supplies will 
not defocus over a supply voltage change of 100 to 130 
volts. In interlaced cameras, it is also of interest to note 
whether the counter circuitry is stable. The picture should 
not tear, bounce, or be affected over the expected supply 
voltage changes, or there will be periods when the camera 
will either be unusable or require re- adjustment. 

Front and rear views of a typical four -lens viewfinder closed- circuit 

The resolution of a camera is a measure of its ability to 
reproduce fine detail. Resolution is usually measured in 
both the horizontal and vertical directions. As a frame of 
reference, the best possible home television set would have 
a resolution of 350 lines in both the horizontal and vertical 
directions. This limitation is placed upon the receiver by 
the method of transmission used in this country. Most low - 
cost home receivers are not capable of fully reproducing the 
transmitted picture to its maximum detail. The average 
receiver probably has a horizontal resolution of 275 lines 
and a vertical resolution, when suitably interlaced, of 350 
lines. When using the standard 525 -line scanning system, 
the vertical resolution of a fully interlaced camera is ap- 
proximately 350 lines. Cameras using random interlace may, 
depending on conditions, give 350 lines of vertical resolu- 
tion but usually can be expected to give only 175 lines. The 
horizontal resolution may vary anywhere from 300 lines to 
700 lines depending on the camera design. 

In order to achieve perfect interlace and thus get the 
full 350 lines of vertical resolution, both horizontal and 
vertical sweep frequencies must be derived from the same 
source. In random interlace cameras these two frequencies 
are not in any way related to each other. If, for example, 
we have the vertical frequency locked to the power line 
and the horizontal derived from a stable oscillator, we can- 
not guarantee interlace. At best there will be times when 
the camera is interlaced and times when it is not. The sets 
of horizontal scanning lines will drift with respect to each 
other due to power -line frequency and phase variations. 
When we have interlace, we have 350 lines of resolution 
and when we have positive pairing we have only 175 lines. 

To select the right camera for the job we must again 
consider the requirements. If we want to use the camera 
for surveillance, security, or other applications which do 
not involve the necessity of reproducing fine detail, a random 
interlaced camera with a horizontal resolution of 400 lines 
will probably be adequate. If, on the other hand, the 
reproduction of detail is important, such as in signature 
transmission for banks, a fully interlaced 600 -line horizontal 
resolution camera must be used. 

One of the important factors concerning resolution is often 
neglected. The resolution advertised by CCTV manufac- 
turers is measured in the center of the picture. Normally 
the resolution at the corners of the picture is less than that 
found in the center. It is only in very sophisticated equip- 
ment that one finds the corner resolution in the horizontal 
direction is on the order of 500 lines or better. This factor 
is very important in the transmission of printed matter which 
extends to the corners of the picture. While it can be very 
legible in the center, the corners may be unusable. The best 
way to determine whether a piece of equipment is adequate 
as far as resolution is concerned is to actually take a unit and 
duplicate the conditions under which it is expected to be used. 

Linearity and geometric distortion are 
TV camera. measures of how well a camera repro- 

duces the shapes of the objects. Every- 
one is probably quite familiar with this 
effect which is often found in older, 
poorly maintained television receivers. 
People get fatter as they move from the 
left of the screen to the right. Rolling 
titles change height as they move down 
the TV screen. All these effects are due 
to poor linearity and /or geometric dis- 
tortion. Probably the most obvious and 
striking example of this is the circle 
which looks more like an egg than a 
circle. While 1% or 2% distortion is ex- 
cellent, 5% is still quite acceptable for 
most non -critical applications but here 
again there is nothing like an actual 
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demonstration to determine how strict the requirements of 

the job xvi1l be. Next, let us consider the types of vidicons. 

Types of Vidicons 

The vidicon tube is the most expensive single part of a 

camera. It is literally the "eve" or pickup device. There are 
many different types of vidicons on the market, all of which 
have their merits and shortcomings depending on the appli- 
cation. While most manufacturers sell their cameras with 
the vidicon type which, in their opinion, is best suited for 
"all -purpose" use, many of them have options whereby they 
will supply a different type on request. 

With the advent of the low -cost camera, the class B vid- 
icon has become very popular in the lower priced cameras. 
A class B vidicon (sometimes called commercial grade) is 

really a class A, or first quality, vidicon which was rejected 
for minor flaws. These flaws usually consist of small spots 
in the picture, poorer shading (uneven picture brightness), 
etc. Class B vidicons, when used in well -designed cameras, 
are capable of giving excellent pictures, usable for most 
applications. 

The class A vidicon is generally used in the higher priced 
cameras and exclusively in studio cameras. Of the most pop- 
ular vidicons there are four types which are commonly used 
for CCTV cameras. The 7735 -A is a high -sensitivity, low -lag 
vidicon. The 7038 is a medium -sensitivity, extremely low -lag 
vidicon. It requires an average of four to five times more 
light than the 7735 -A. The 7325 is a high -sensitivity, higher 
lag unit while the 1319 is a class B high -sensitivity higher - 
lag tube. 

Vidicon manufacturers are constantly striving to improve 
their devices. The quality of a given vidicon type of today 
is subject to change without notice as manufacturers improve 
their techniques. 

The selection of the best vidicon for the job is not a 

simple task, although in most applications any one of the 
above -mentioned types will perform successfully. There are 
installations where proper selection of a vidicon type may 
make the difference between a good picture and a barely 
passable one. Since vidicon characteristics change from time 
to time, it is best to consult with the camera manufacturer 
for recommendations concerning which type will best meet 
particular requirements. Vidicons need careful handling. 
They are very expensive to replace and somewhat delicate. 
While a vidicon, when properly operated, can give a few 
thousand hours of useful life, it can also, when subject to 
misuse, be damaged beyond repair in a few seconds. The 
vidicon photoconductive layer is very sensitive to strong 
lights and can be permanently scarred if pointed directly 
at the sun or other high intensity light source. A camera 
should be installed so that it is impossible for the sun or 
direct reflections of the sun's rays to strike the lens. It is also 
strongly recommended that all types of light sources be kept 
out of the field of view of the camera. 

Besides lag, which we have already discussed, vidicons 
are also prone to image retention. This effect, popularly 
called "burn -in," exhibits itself as a retained image on the 
vidicon. It remains even when the scene is changed. Some 
vidicon types are more prone to this effect than others and 
large variations can be expected within the same vidicon 
type. It is recommended that the camera lens be capped 
when the unit is not in use in order to minimize this effect. 
The vidicon can retain any image any time there is a light 
striking the photoconductive surface even though the camera 
may be off. If it is impractical to cap the lens of the camera 
when not in use, it is advisable to frequently change the 
scene by moving the camera to minimize the danger of 
image retention. Even with all these problems, the vidicon 
is an excellent image pickup tube and the most economical 
to operate. 

There are a number of accessories which can be used in 

A remote CCTV camera shown here with its control panel. 

Typical example of low -cost, automatic industrial TV camera. 

conjunction with a camera. A large selection of wide- angle, 
telephoto, and zoom lenses is available for use with any 
camera. As in photography, the selection of lens depends 
on the area of coverage required (see Tables 1 and 2) . 

Zoom lenses, although higher priced, offer an excellent 
method of continuously controlling the area that is to be 
viewed. 

Pan and tilt mechanisms enable the user to move the 
camera laterally and vertically from a remote location thereby 
allowing him to view a large area, one segment at a time, 
with a single camera. Remote optical focus is an option 
available from many manufacturers and enables one to view 
both close and far objects with equal sharpness. Remote or 
manual turrets are also available as a quick method of select- 
ing up to four lenses for different areas of coverage. 

Modern cameras with automatic target compensation are 
designed so that they require a minimum of adjustment. 
In most applications, once a camera has been installed and 
properly adjusted it requires no further care except for rou- 
tine maintenance. There are few, if any, controls that must 
be handled by the user and even those are of such a nature 
that they require no special training for proper operation. 
A stable automatic camera operating over the recommended 
range of light and temperature, does not need any adjust- 
ments. It is for this reason that in 90% of the applications it is 
not necessary to have the camera operating controls remoted. 
Many of the cameras have no controls accessible to the user 
other than the "on -off" switch. 

There are some philosophical questions still to be dis- 
cussed on the relative merits of an all- transistor versus a 
vacuum -tube camera. The design of a transistor camera 
involves many serious problems (Continued on page 65) 
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NOVEL 
ELECTROMETER TUBE 
By C. E. ATKINS / Tung -Sol Electric Inc. 

Description (111d operation of (1 T11gge(1 )'('t 

ultrasensitive low-voltage tube that is employed f Ol' automatic 
headlight control and for industrial equipment. 

N important, although little known, vacuum tube is 

holding its own in competition with semiconductors. 
This is the Tung -Sol Type 7851 electrometer tube. 

When it is necessary to respond to currents as low as a few 
micromicroamperes and do this repeatedly with accuracy and 
dependability over long periods of time, this tube is still 
without a peer in its price class. (It sells to manufacturers 
for a little over a dollar.) This tube is useful in all forms 
of instrumentation where small currents are involved. It is 

employed in measuring apparatus and in transducers in the 
electro- medical field but its principal use (one which pro- 
vides the volume required to establish its relatively low 
price) is in conjunction with a vacuum photocell in the beam 
depressor (or as it is more commonly, although incorrectly, 
called "headlight dimmer ") used on Cadillacs and other Gen- 
eral Motors cars. This equipment is called the "Autronic 
Eye" or, more recently, "Guidematic Power Headlight Con- 
trol" after the Guide Lamp Division of General Motors Cor- 
poration which developed and manufactures it. This applica- 
tion is typical of the commercial usefulness of the tube. 

The Tube Itself 
The electrometer tube is of the 7 -pin button -stem minia- 

ture type with the control grid brought out through the top 
of the envelope. Its heater takes 200 ma. at 2g. volts and 
under these circumstances its cathode temperature runs about 
100 °C. cooler than the average vacuum tube. This feature 
calls for cleanliness and astute processing by the manufac- 
turer in order to achieve good emission at this low tempera - 
ture. With a cool cathode the possibilities of grid emission 
and leakages due to contamination from cathode throw -off 
are practically eliminated. 

The 7851 is a tetrode in which it is possible to maintain 
a high plate impedance with a knee in the plate family oc- 
curring at approximately to 2 volts on the plate. The char- 

acteristic curves that are shown in Fig. 1 illustrate this par- 
ticular point. 

It will be noted that the plate current is only a few micro- 
amperes. The recommended maximum plate potential is 
only 12 volts. By operating at low voltages it is possible 
to avoid ionizing the residual gas inside the envelope. Gas 
ions are harmful because they add to the grid current and 
it is imperative that the grid current be made vanishingly 
small in electrometer tubes. 

Stray light can cause grid current by inducing photoelec- 
tric emission from grid or grid supports and so it is custom- 
ary to use the tube in the dark. Furthermore, stray light 
from the heater will also do this so it is important that the 
cathode sleeve be pinched and care must be taken to avoid 
stray light emanating from the bottom legs of the heater. 

Pickup unit has been disassembled to show its two vacuum tubes. 

LENS 

ELECTROMETER 
TUBE 
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The low temperature operation of the cathode is, of course, 
very helpful in this respect. The writer has found tubes with 
very high input impedance in the order of a million megohms 
or more which will drop to a few megohms when the heater 
voltage is elevated by as little as 20 or 30 percent. 

Moisture is also quite a hazard since condensation of water 
vapor can cause conducting films over the surface of the 
glass envelope between the grid -cap and the grounded base 
leads. It is sometimes necessary to use special potting corn - 
pounds to protect the grid lead from moisture -laden atmos- 
pheres. 

The importance of the electrometer tube in the auto head- 
light beam depressor sterns from the fact that it permits use 
of a vacuum phototuhe which, while very stable, is relatively 
insensitive. Many attempts have been made to use semicon- 
ductors as photo sensors and some of these are orders of 
magnitude more sensitive than the vacuum phototube. How- 
ever, they require temperature compensation and protection 
from heat and sunlight so that, thus far, they have proved to 
be impractical. The vacuum phototube, while it is affected by 
direct sunlight, rapidly regains its normal dark characteris- 
tics when returned to darkness. It is not as temperature de- 
pendent as most semiconductors and reaction time is no 
problem whereas with solid -state devices it can be. 

Because of the low light levels and the comparative in- 
sensitivity of the vacuum phototube, the current available 
in the average automotive application is only a few micro - 
microamperes. Thus, a very sensitive device like the elec- 
trometer tube is required to utilize these minute currents. 

Circuit Arrangement 
Fig. 2 is a schematic diagram of the automatic headlight 

control. As the circuit shows, the phototube is connected 
between the #1 grid and cathode of the 7851. With this 
connection the phototube current becomes the grid current 
of the electrometer tube, while the polarizing potential of the 
phototube is the grid -cathode potential of the 7851. The 
voltage available to energize the phototube is in the order 
of 2 volts and this is clue to the escape velocity of the 
electrons emitted from the heated cathode of the electrometer 
tube. 

There are approximately 8 volts on the screen grid whereas 
the plate is fed from the 8 -volt source through a 1.5- megohm 
load resistor. 

The plate of the electrometer is coupled directly to the 
control grid of the 12K5. The 12K5 is a space -charge grid 
power tube which was used in automobile radios to drive the 
power transistor in hybrid sets. ( The first grid is the space - 
charge grid which is connected to the 12 -volt supply. The 
second grid is the actual control grid.) In this system the 
tube is used to control a sensitive relay which, in turn, oper- 
ates a power relay energizing the headlamps. 

The operation of the system is as follows. The light from 
the headlights of an oncoming car causes the photocell to 
generate a voltage that makes the grid of the preamp tube 
less negative. This change is amplified by this tube which 
then applies a negative voltage to the 12K5 amplifier grid. 
As a result, the sensitive relay is de- energized. This, in turn, 
energizes the power relay which depresses the car's head- 
lights ( that is, changes from upper beam to lower beam) . 

As the dotted lines in Fig. 2 indicate, the equipment is 
built in two assemblies, a phototube unit which serves to 
pick up and respond to light from oncoming cars and, sec- 
ond, an amplifier unit which translates signal information 
from the pick -up unit into a control for the power relay. 

Sensitivity of the system is controlled by adjusting the 
screen -grid potential of the electrometer tube. In fact, the 
sensitivity of the response to screen potential is utilized to 
change the operating level of the system once it has switched 
to low beam. A provision of this kind is necessary' because 
after two approaching cars dim their headlights there is far 
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Fig. 1. Plate and grid characteristics of electrometer tube. 
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ADJUSTMENTS 

The headlight controller consists of two units. The one at the 
left picks up the light from an oncoming car while the 
assembly at right controls relay that operates the lights. 

less light so the sensing facility must become more sensitive 
in order to keep the system on lower beam. Under these con- 
ditions the shunting effect of the power relay is removed 
from the screen -grid circuit of the electrometer tube, thus 
raising its screen voltage and increasing its sensitivity. 

Because of the wide voltage excursions sometimes occur- 
ring in the electrical systems of automobiles, a ballast lamp 
is provided to maintain the critical supply voltages (which are 
mainly the heater and screen potentials of the electrometer 
tube) at a value close to 8.0 volts although the system po- 
tential may vary from 11 to 16 volts. Potentiometers are 
provided to achieve the necessary sensitivity control for the 
"dim" and "hold" conditions. 
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SOLID-STATE 
3-WATT GB-HAM 

TRA \S \LITTER 
By THOMAS J. BARMORE 

Construction of a miniature mobile rig 
for 10 or 11 meters that features 

an unusual circuit design. 

IN the past several years, transistorized transmitters oper- 
ating in the 30 -mc. region have progressed from the 
familiar 100 -mw. type to those having a power of several 

watts. Most of this progress has been due, in large part, to 
Citizens Band equipment, since it has a greater market ap- 
peal. Most of these "new- breed" transmitters, however, are 
quite expensive because of design costs and the expense of 
a different and new set of components. 

The transmitter to be described is intended as a mobile 
unit, but the builder may use it as a basis for a hand -held 
transceiver or as a portion of a base station for either CB 
or 10 -meter amateur service. The r.f. portion of the unit has 
an average modulated power input of over 3 watts and will 
deliver about 2 watts into a 52 -ohm load. Frequency stabil- 
ity, using a .005% crystal, is well within the tolerance spec- 
ified by the FCC for Citizens Band operation despite the 
unusual system of modulation used. The whole transmitter, 
including the modulator and control circuitry, is packaged 
into a space measuring about 1" x 3" x 4." The design is 
such that the circuit components can be purchased for about 
$35, not including the cost of the microphone. 

JI RFCI ' y-f 00000 

The entire transmitter is housed within o 1 x 3 x 4 inch case. 

-s 

1 

The circuit ( Fig. 1) may appear to be a bit unusual in 
several respects; namely, both the oscillator and the final 
stage are modulated and, in addition, a class A amplifier is 
used as a modulator instead of the more usual class B 
configuration. 

First, a transistorized class C amplifier, upon application 
of amplitude modulation, tends to saturate on modulation 
peaks. This saturation causes a reduction in the current gain 
of the transistor. This produces a modulation envelope sim- 
ilar to that seen in downward or negative modulation. By 
reducing the final -amplifier modulation and modulating the 
oscillator about 25%, total modulation still remains at 100 %, 

but without the disadvantages found in single -stage modu- 
lation as mentioned above. 

Second, in addition to proper positive modulation, the 
useful range of any transmitter depends on the audio system 
used for modulation. Importance must be placed on sys- 
tems which have low distortion, since the distortion of a 
transmitted signal seriously hinders the intelligence of the 
received signal. Since the transmitter described here is in- 
tended for mobile installations, high intelligence, and in- 

Fig. 1. Circuit diagram of rig shows that the output of the class A modulator is applied to both oscillator and final stages. 
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expensive construction, a class A configuration is used as 

a modulator since it offers the lowest distortion, least thermal 
drift, and a minimum of components over class B config- 
urations. 

R.F. Section -Oscillator: The oscillator employs a 2 \706 

as a grounded -emitter Pierce oscillator. Bias for this stage 
is furnished by resistor R1, while resistor R2 and capacitor 
C2 form a network to prevent thermal runaway. Capacitor 
C3 places the cold end of L1 at ground potential, while LI 
itself is tapped to match the very low output impedance of 
Q1. The output of the oscillator stage is link -coupled via 
the 5 -turn link L2 and is fed directly to the base of the final 
amplifier. 

R.F. Section -Amplifier: The r.f. amplifier employs a 2N697 
(normally used in high -speed switching applications) as 
an unneutralized grounded -emitter, non -linear amplifier. 
Bias for class C operation is obtained merely because of the 
base characteristics of a silicon transistor. In operation, the 
transistor will not "turn on" until the base- emitter junction 
voltage is above about 0.6 volt. Voltages developed across 
the coupling link L2 and hence the current through it, is 

only slightly above this cut -off point, thereby causing class 
C operation of the stage. 

Collector impedance is matched through utilization of 
the tap on L3, while capacitor C5 places one side of L3 at 
r.f. ground potential. Antenna coupling is accomplished 
through the use of the series -tuned circuit consisting of link 
L4 and trimmer C6. 

Speech Amplifier: The speech amplifier employs one n -p -n 
and two p -n -p transistors, Q3, Q4, and Q5 in a straightfor- 
ward configuration. Resistors R3, R5, and R6 provide bias 
current for each stage, while coupling between stages is ac- 
complished by transformers T1 and T2. Resistor R4 and 
capacitor C9 form a decoupling network to isolate the first 
stage of the amplifier from the succeeding two stages. Choke 
RFC1 and capacitor C7 comprise a simple low -pass filter to 
prevent amplifier oscillation due to r.f. pickup. The output 
of this amplifier, which is about 0.5 watt, is developed across 
R7 and coupled via capacitor C10 to the base of Q6. 

Modulator: The modulator, again, is conventional, with 
bias furnished by resistor R8. Transformer T3 matches this 
stage to the r.f. amplifier with an impedance of 20 ohms 
and to the oscillator with 5 dbms. Its primary impedance is 

8 ohms. Resistor R9 and capacitors C11 and C12 serve as an 
audio and r.f. bypassing network to isolate the modulator 
from other circuitry. 

Control: Power to the transmitter is controlled by the 
s.p.s.t. switch on the crystal or ceramic microphone which, 
in turn, actuates relay RL1. One set of the contacts on this 
relay serves to switch voltage to the unit, while the other 

SPECIFICATIONS 

Modulator- speech amplifier 
(5 watt output, 1 kc.) 

Power gain 110 db 
Frequency response 100 -5000 cps 
Harmonic distortion 3% 

Transmitter (unmodulated) 
Power input 3 watts 
Power output 1.9 watts 

Transmitter 
(modulated 30% with 1 -kc. sine wave) 

Average power input 3.14 watts 
Average power output 2.0 watts 
Peak power input 3.6 watts 
Peak power output 2.3 watts 

Current drain (12 -volt system) 
Without pilot bulb & relay 0.80 amp. 
With pilot bulb & relay 1.30 amp. 

Frequency modulation 
at 100% modulation 

Modulation frequency Carrier shift 
400 cps 27 cps 
4 kc. 78 cps 
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set may be used either to mute a receiver by grounding the 
antenna or as a switch to control other circuitry. 

There are several ways in which the transmitter may be 
powered: 

1. 12 -volt system. Jumper a 12 -15 ohm, 1 -watt resistor 
between terminals 1 and 3 to supply voltage to relay RL1. 

2. 6 -volt system. Place a straight wire jumper between 
terminals 1 and 3. The r.f. output, however, will be reduced 
to about 0.5 watt. 

.3. 6 -volt system, auxiliary supply. Those builders who 
wish to maintain a full 3 watts output but still operate with 
the transmitter on a 6 -volt electrical system, may construct 
a simple 12 -volt d.c. supply using the power available in a 
standard car radio (Fig. 2) . In this supply, power from the 
secondary of the vibrator transformer (or transistorized con- 
verter transformer) is stepped down to about 12 volts, rec- 
tified, and used to supply power to the transmitter circuitry 
only. The relay supply voltage still remains at 6 volts. 

Construction 
The transmitter is constructed in a modular manner, using 

four decks: front panel, r.f. section, modulation- speech am- 
plifier, and rear panel- control. (Continued on page 85) 

+I2v,o.0 

CI 

RI 
5n 
IOW 

500 
C2 

Pf 
25V. 

CRI 

CR3 

POWER TRANSFORMER WITH 
5 AND 12V. WINDINGS IN SERIES 

TI 
EXISTING VIBRATOR 
OR CONVERTER 
TRANSFORMER 

CRI-CR4-IN607A, INIII5, OR IRC-1081 
TI-STANCOR PM-8404 OR PC-8404 

UTING OR CONTROL 

6V 

EXISTING 
RECTIFIERS 

j 6V.D.C. RELAY 
SPOT. 

IP B B KMIID) 

Fig. 2. Power supply using car radio's vibrator transformer. 

FOR Sr 

r- 0.5" 

1.0' 

Fig. 3. Heat sinks used by the author for the r.f. transistors. 

By using printed circuits for the r.f. section, modulator, and 
speech amplifier, the author achieved a very compact package. 
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Fig. 1. (Al Usua cramped scale 
and (B) the linearized scale. 

AUDIO OUTPUT POWER METER 
By K. BERRY 

Construction of a linear -scale meter that can be used 
to measure up to 50 watts power across 4, 8, or 16 ohms 

THE meter to be described was developed to enable 
the power output of audio amplifiers to be measured. 
It is suitable for use with amplifiers having output 

impedances of 4, 8, or 16 ohms and will measure powers of 
between i and 50 watts. A feature of this design is the fact 
that the meter has a near -linear scale as opposed to the more 
usual square -law scale associated with such instruments. 

Basic Principle 
The power dissipated in a resistor is given by the expres- 

sion P = E 2/R watts, where R is the value of the resistor 
(in ohms) and E is the voltage developed across it (in 
volts) . Thus if it is desired to measure the output power of 
an amplifier, a resistor whose value is the same as the output 
impedance of the amplifier should be connected to the out- 
put terminals of the amplifier and an a.c. voltmeter connected 
across it to measure the voltage developed. The power dis- 
sipated in the resistor can then be calculated. If, however, 
the meter were so calibrated, then the power developed could 
be read off directly. 

If the voltmeter used has a linear scale, the power calibra- 
tion tends to be cramped at the top end of the scale, as shown 
in Fig. 1A. In this design, the voltage applied to the rectifier 
bridge which feeds the moving -coil meter has been deliber- 
ately kept as small as possible. Consequently, the diodes are 
being worked over the non- linear portion of their character- 
istics. Since this approximates a square -law curve, this largely 
cancels the cramping effect normally found at the top end 

Meter constructed by author measures 71/4 x 45 /g x 4 inches. 

of the scale. This can be seen by comparing the scale illus- 
trated in Fig. 1B with that shown in Fig. 1A. 

Circuit Description 
The schematic of the wattmeter is shown in Fig. 2. The 

appropriate load impedance is chosen by S1A and SIB. The 
voltage developed across the load is applied to one of nine 
potentiometer networks (the required network being selected 
when the impedance and power range switches are set). The 
output from the potentiometer networks is fed to the bridge 
rectifier, CRI through CR4, and then to the meter Ml, a 0 -1 
milliammeter. A 250 -ohm rheostat, R23, is connected in series 
with the meter. This has been included to enable an adjust- 
ment to be made in the linearity of the scale since this will 
vary slightly depending on the type of diodes used. 

The use of nine separate potentiometer networks instead 
of the more usual series (multiplier) resistors is explained 
by the necessity to keep the resistance in series with the 
bridge low and comparable on all ranges. This results in a 
common calibration for all ranges. 

The specifications are as follows: impedances 4, 8, and 
16 ohms; power ranges 0 -5, 0 -20, 0 -50 watts; and an over -all 
frequency response of 10- 20,000 cps ± 0.5 db. 

Components and Construction 
The choice of components should give little difficulty. The 

load resistors (R1 through R4) consist of two 10 -ohm re- 
sistors each shunted by a 39 -ohm resistor, giving effectively 
two 8 -ohm "units." These are parallel connected to give an 
impedance of 4 ohms and series connected for 16 ohms, while 
for 8 ohms just one of the "units" is used. This method was 
chosen in preference to the use of three separate resistor 
combinations since it saves both cost and size. 

The power rating of the resistors will depend on the use 
to which the wattmeter is to be put. If it is desired to measure 
an output power of 50 watts continuously at any of the 
three possible impedances, then each 8 -ohm "unit" must be 
capable of dissipating 50 watts. If, however, the restriction 
of limiting the power measured on the 8 -ohm range to 25 
watts continuous, 50 watts intermittent is accepted, then the 
rating of each 8 -ohm "unit" need only be 25 watts. If it is 
possible to obtain 8 -ohm, 25- or 50 -watt resistors readily, 
then one of these can be used for each of the "units" men- 
tioned above. Another suggestion is to use 10 -ohm adjustable 
power resistors rated at 30 to 60 watts and set the sliders 
for 8 ohms. 

The prototype meter used standard commercial vitreous 
wirewound resistors. Although such resistors are inductive, 
measurements show that errors due to self -inductance are 
negligible up to 50,000 cps. There is, however, no reason 
why high -power carbon composition resistors should not be 
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4-OHM IMPEDANCE 8-OHM IMPEDANCE 16-OHM IMPEDANCE 

E P E P E P E P E P E P E P E P E P 
'volts) (watts) 

4.02 5 8.04 20 12.7 50 5.7 5 11.4 20 18 50 8.04 5 16.12 20 25.5 50 

3.6 4 7.2 16 11.4 40 5.12 4 10.24 16 16.1 40 7.2 4 14.4 16 22.8 40 
3.11 3 6.23 12 9.85 30 4.41 3 8.82 12 13.95 30 6.23 3 12.46 12 19.7 30 
2.53 2 5.12 8 8.04 20 3.6 2 7.2 8 11.4 20 5.12 2 5.25 8 16.12 20 
1.8 1 3.6 4 5.7 10 2.53 1 5.12 4 8.04 10 3.6 1 7.2 4 11.4 10 

1.265 1/2 2.53 2 4.04 5 1.8 lh 3.6 2 5.7 5 2.53 1/2 5.12 2 8.04 5 

Table 1. Calibration vo tages have been corrected by applying 0.9 form factor. 

used if this is preferred or they are more readily available. 
The germanium diodes used in the prototype were ,Alllllard 

Type 0A 7 0's. These are general- purpose point -contact diodes 
and any similar diodes should prove suitable. 

The meter is a rectangular 0 -1 milliammeter with a d.c. re- 
sistance of 50 ohms, but any 0 -1 ma. meter should be equally 
satisfactory for this purpose. 

The prototype audio output power meter shown in the 
picture was housed in a case measuring approximately 731" 

x 4 %" x 4" with four small rubber feet to prevent damage to 
itself or any polished surface upon which it might be placed. 

Calibration 
When the instrument has been assembled and wired, it is 

necessary to calibrate it by adjusting resistors R14 through 
R22 inclusive. This, fortunately, is quite a simple matter 
and requires only the use of an accurate d.c. voltmeter. This 
meter is used to measure the voltage applied to the terminals 
of the wattmeter. Before commencing calibration, the lead to 
SlA should be unsoldered so that the load resistors are dis- 
connected. A variable d.c. voltage is then applied to the 
wattmeter as shown in Fig. 3. This can be obtained from a 
battery and potentiometer but a reversing switch must be 
included and a reading obtained with the voltage applied to 
the wattmeter both "forward and reverse." The average of 
these is the correct meter reading. (This procedure takes ac- 
count of differences in diode forward resistance.) 

The voltages developed across the 4 -,8 -, and 16 -ohm re- 
sistors for all three power ranges have been calculated and 
are given in Table 1. Note that the figures shown take into 
account the fact that a d.c. meter is used, which responds to 
the average value of voltage rather than the r.m.s. value. 
Hence, all readings obtained in the calculations using the 
basic formula have been multiplied by the form factor (E,.,,.... 
/E,,,,,.- 0.9) to get the values shown in the tables. 

The first step in the calibration process is to set the rheostat 
controlling linearity (R23). Having adjusted R23 for zero 
resistance, set the d.c. voltage applied to the wattmeter to 
8.04 volts. Switch the wattmeter to Measure .5 \vatts at 16 
ohms and adjust R20 until the meter reads full scale. Then 
reduce the d.c. voltage to 7.2 volts and note wattmeter read- 
ing, and so on clown the first voltage column under the "16- 
ohm impedance" portion of Table 1. When the linearity con- 
trol is correctly adjusted, the results obtained should be 
similar to those given in Table 2. If the readings obtained 
are lower than these, set R23 (linearity) to its mid- position 
and re- adjust R20. Repeat the comparison of meter readings 
and applied voltage. If the readings are still low, then R2.3 
must be further increased, xvhile if the readings are high, R2:3 
must be reduced in value. This procedure may sound com- 
plex but, in practice, it takes only about 10 minutes. 

\ \11en the linearity control has been set, the table of ap- 
plied voltage is meter reading should be put to one side as 
this is required for absolute calibration of the meter. This 
may be clone by drawing a calibration curve or, alternatively, 
the scale can be removed from the meter and re- calibrated by 
hand. This latter method is preferable, but great care must 
be exercised. 

The only remaining task is to set the rest of the range 
potentiometers as follows: 
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o 

E 

VOLTAGE 
METER 

READING 

8.04 1 

7.2 0.81 
6.23 0.61 
5.12 0.40 
3.6 0.19 
2.53 0.09 
0 0 

Table 2. Scale readings versus d.c. voltages. 

SIC 

5 R6 R7 R8 R9 RIO RII RI2 RI3 

RI4 RI5 RI6 RI7 R18 RIB R20 R2I 

R1,R3- 10 ohne res. (see text for 
power rating) 

R2,RI --39 ohne res. (see text for 
power rating I 

RS- -22(1 oha,, I; w. res. y 105, 
R6,R11- 560 ohm, ! 2 w. res + 111r): 
R7 -10011 ohm, 2 w. res. + 107 
R8 -3SO ohm, 1/2 w. res. + 105 
R9 -820 ohne, 1/2 W. res. + I0': 
R 10 -1500 ohm, ' 2 ze. res. I néi 
R12- 1200 ohm, I.2 w. res. -- 105 
213-2200 ohm, I2 ze. res. 
R11 -R22 -100 ohm, '/y w. lineor toper 

pot. 
R23- 250 ohm, % zee. linear taper pot. 
.S1 -1 -pole, 3-pos. rotary selector 

switch 

S2- 6 -pole, 3 -pos. rotary selector 
switch 

.111 - 0 -1 ma. moving -coil tu eter 
CRI,CR2,CR3,CR1 Germanium, 

diode (/Nullard (l. -l70 or 1NS7, 1N89, 
1N198, 1N297, 1N298Á) 

Fig. 2. Schematic of power meter shows individual calibration pots. 

T 
D.C. /-\-111 

VOLTMETER 

WATTMETER 

Fig. 3 Calibration setup includes a polarity- reverse switch. 

1. Set the meter to measure 5 watts at 4 ohms, apply 4.02 
volts and adjust R14 for full-scale deflection. 

2. Set the meter to measure 20 watts at 4 ohms, apply 
8.04 Volts and adjust R15 for full -scale deflection. 

:3. Set the meter to measure 50 watts at 4 ohms, apply 
12.7 volts and adjust R16 for full -scale deflection. 

4. Set the meter to measure 5 watts at 8 ohms, apply 5.7 
volts and adjust R17 for full -scale deflection. 

5. Set the meter to measure 20 watts at 8 ohms, apply 
11.4 volts and adjust R18 for full-scale deflection. 

6. Set the meter to measure 50 watts at S ohms, apply 
18 volts and adjust R19 for full -scale deflection. 

7. Set the meter to measure 20 watts at 16 ohms, apply 
16.12 volts and adjust R21 for full -scale deflection. 

8. Set the meter to measure 50 watts for 16 ohms, apply 
25.5 volts and adjust R22 for full -scale deflection. 

The lead to S1A should now be reconnected and the audio 
output power meter is ready for use. 
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AUDIO 
TONE -BURST 
GENERATOR 

THE audio test generator described in this article is a 
precision instrument that gates an incoming wave- 
form from an external source into a series of alternate 

signal bursts and quiescent periods. The gated signal may be 
repetitive waveforms such as sine, square, and saw -tooth or 
random xvavefom s such as speech, music, or white noise. A 
gated sine wave is particularly suited for evaluating per - 
formance of audio amplifiers, loudspeakers, tape recorders, 
multiplex adapters, tuned audio amplifiers, high- or low -pass 
LC filters, crossover networks, or other audio components. 

The gated sine wave is intermediate between a continuous 
sine wave and a square wave having some of the character- 
istics of each. It is similar to the sudden attack by a performer 
on a musical instrument and is consequently a truer repre- 
sentation of music than is a square wave. 

The instrument provides five gate periods from 16 to 0.3 
milliseconds in duration and the gating period can be varied 
+0% to -10% by a repetitive external signal resulting in the 

WAVE FORM 

CONT. GATED 

S2 

AUWO 

R44 ONF BURST GENERATOR 

Exr PLI 
SIG GEN NPi ' 

4% 4% R6 

JI 

X' T 

& 

SCOPE SOURCE 

INT ERE 

LEVEL 

R48 
S4 

OUTPUTS 

J2 

Front -panel layou with the generator controls identified. 

Three adjustment controls are located on top of the chassis. 

C27 C25 FI 
C28 C26 TI 

VI 

--.v.-- 
R2 rocct. 

AD1 

R40 
V7 

*V6 
Mutn R21 

AD, 

Audio systems are usually tested 
with either sine or square 
wave signals. Gating an audio 
signal on and off provides a truer 
representation of music. 

By THOMAS E. REAMER 

precise locking of the two frequencies and a stable display 
on the oscilloscope screen. The gate is opened and closed at 
the zero a.c. voltage base line of the incoming waveform thus 
providing an uninterrupted transition from the sine wave to 
the horizontal blanking pulse and again to the sine wave. A 
switching circuit is provided for continuous or gated wave- 
forms to the output. A scope monitor switch permits rapid 
A -B viewing of the output waveform before and after passage 
through the circuit under test. Level controls and a symmetry 
control complete the front -panel layout. 

Circuit Operation 
Schmitt trigger multivibrator VI (Figs. 1 and 2) is trig- 

gered by the incoming sine wave from the external generator. 
Correct operating point is determined by the d.c. voltage 
from the arm of R2 and to a lesser degree by R6. These con- 
trols determine the point on the sine wave at which triggering 
and subsequent gating occur anti are normally adjusted for 

SPECIFICATIONS 
INPUT: 

(a) External Signal Generator: Impedance 3500 ohms at 1 kc. Requires 
5.9 v. r.m.s. from a variable- frequency or closely stepped audio 
generator. 

(b) External Input: Impedance 3.3 megohm at 1 kc. 10 v. r.m.s. max. 

OUTPUTS: 

(a) Internal Source: Impedance 3500 ohms at 1 kc. 
Continuous waveform (sine -wave input): 0 -5.7 v. r.m.s., 20 cps to 50 
kc. Adds 0.4% HD at 1 kc. 
Gated waveform (sine -wave input): 0 -2.65 v. r.m.s. (C -16 v. peak - 
to -peak) at 8 v. r.m.s. input. 67 cps to 20 kc. (usable to 50 kc.). 

(b) External Source: Impedance 5500 ohms at 1 kc. Adds 0.2% HD at 
1 kc. Maximum output 0.86 times input voltage. 

lc) External scope sync voltage output. 

PERFORMANCE: 

(a) Gate Periods: 16, 6, 3. 0.6, 0.3 milliseconds nominal. Varied +0 to 
-10% by external generator frequency. 

(b) Duty Cycle: 50% for gated wave. Synchronizes from one to a large 
number of repetitive incoming waves. 

operation at the input signal zero a.c. voltage base line. 
The square -wave output of VI is differentiated by C3 and 

R14 and the resulting sharp positive and negative pulses are 
routed to gate multivibrator V2. The frequency of V2 is con- 
trolled principally by the gate period timing capacitors C6 
through C10 but may be varied 10% by the synchronizing 
pulses from VI. A plot of gate period and frequency vs tim- 
ing capacitance is given in Fig. 3. Locking V2 to the fre- 
quency of VI is necessary for subsequent precise gating of 
the sine wave. The somewhat distorted square wave from V2 
triggers a second Schmitt trigger V3 to produce a clean sym- 
metrical square wave for gating purposes. 

The d.c. level of V3 is determined by R21. The square 
.ways from the second plate of V:3 goes to phase splitter V4A. 
The non -inverted output of V4A is fed to a control grid of 
gating pentode V5 while the inverted output goes to the grid 
of V6A. The gating circuit of V5 and V6A was chosen from 
several available methods' because of the relative absence 
of switching transients and complete obliteration of the ex- 
ternal signal generator during the blanking period. 

Gate operation is as follows: the external sine wave, at- 
tenuated by R7 and R8, is connected to the upper control 
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CI 

SIG. O 
BEN. 
IN 

5X10 . CIB 

CI4 

R29 

1/2 
12AX7 

V4A 

531 

R32 

> BI 

R30 

C16 

)IC15 

6BN6 

VS 
e2 

R38 

33 

R34 

935 

R37 

BI 
150V. 82 

R52 

R40 

R39 

BASE 
LINE 
ADJ. 

B2 

1/2 
12AU7A 

V6A 

S3 
s t- 0-0 

SCOPE 
CIT OUT 

JI 
SYNC 

CONTl BATED 

C22)' 
SRI 

841 

R4 

R43 R44 < 
LEVEL 

_FI 
54 lt 

II7V.A.C. 

+ C25 + C26 

OA2 
V7 

27 + 

S 

PLI 

pl 

Rl, R16, R19, R20, R53- 100,000 ohm, 
1/2 w. res. 

R2- 25,000 ohm, 1'2 w. linear pot. 
R3, R7- 47,000 ohm. 12 w. res. 
R4. R23, R29, R33, R37, R45 -1.5 megohm, 

1/2 w. res. 
R5-- 470,000 ohm, 1/2 w. res. 
R6- 500,000 ohm, 1/2 w. linear pot. 
R8, R14, R17, R24, R27, R36- 10,000 ohm, 

1/2 w. res. 
R9, R12, R22, R26- 68,000 ohm, 1/2 w. res. 
RIO. R25- 220,000 ohm, 1/2 w. res. 
R11, R13, R28- 150,000 ohm, I/2 w. res. 
RI5, R18 -10 megohm, 12 w. res. 
R21-.25,000 ohm, 1/2 w. linear pot. 
R30, R32, R43. R46- 22,000 ohm, 1/2 w. res. 
R31, R39, R42, R47- 2200 ohm, 1/2 w. res. 
R34, R41 -1 megohm, 1/2 w. res. 
R35 -330 ohm, I/2 w. res. 
R38 -6800 ohm, 12 w. res. 
R40 -5000 ohm, 4 w. linear pot. 
R44- 100,000 ohm, 1/2 w. linear pot. 

V6 

R45 

R47 

INT. 

82 

I/O 
12AU7A 

V66 

C23 
+I[- 

R46; R48 

LEVEL 

C24 

-Î- 

-0 
J2 

OUT. 

T 
OUT 

R48 -50,000 ohm, I/z w. linear pot. 
R49 -2000 ohm, 10 w. wirewound res. 
R50 -3000 ohm, 10 w. wirewound res. 
1151, R52 -220 ohm, 1 w. res. 
CI, C11, C17, C18 -.1 µf., 200 v. capacitor 
C2 -10 pf., 500 v. mica capacitor 
C3 -100 pf., 500 v. mica capacitor 
C4, C5 -.005 pf., 1000 v. ceramic capacitor, 

± 10% 
C6 -1 pf., 200 v. capacitor, ± 10% 
C7 -.25 pf., 200 v. capacitor, + 10% 
C8 -.1 µf.. 200 v. capacitor, ± 10% 
C9 -.022 µf., 400 v. capacitor, -±- 10% 
CI0 -.01 µf., 400 v. capacitor, -1- 10% 
C12 -20 pf., 500 o. mica capacitor 
C13 -500 pf.. 1000 o. ceramic capacitor, ± 10% 
C14, CIS, C16, C22, C24 -.5 µf., 200 v. metal- 

lized paper capacitor 
C19, C23 -10 iii., 50 v. elec. capacitor 
C20 -.001 µf., 1000 v. ceramic capacitor, ± 

10% 

_J 
C21 -300 pf., 1000 v. ceramic capacitor, ± 

10% 
C25 -C26 -30/30 µf., 350 v. elec, capacitor 
C27 -C28 -20/20 µf., 250 v. elec. capacitor 
SI -D.p. 5 -pos. rotary switch 
S2, S3- S.p.d.t. rotary switch (Centralab 1460 

or equiv.) 
S4- S.p.s.t. line switch (on R48) 
TI -Power trans. 117 v. pri.; 250 -0 -250 v. .! 

40 ,na., 6.3 v. c.t. 01 2 amps (Triad R4 -A 
or equiv.) 

SRI, SR2- Silicon diode, 750 ma., 600 p.i.v. 
(1N2071) 

J1-Banana jack 
J2 -Phono jack 
PL1 -NE -2 neon lamp 
F1-0.5 amp "Slo -Blo" fuse 
VI, V2, V6- 12AU7A tube 
V3 -12AT7 tube 
V4 -12AX7 tube 
VS -6BN6 tube 
V7 -0A2 tube 

Fig. 1. Schematic and parts list for the audio tone burst generator. An external audio source provides signal being gated. 

grid of pentode V5 and the gating square wave from V4A 
to the lower grid. The sine wave is blocked from the plate 
of V5 when the square -wave voltage to the lower control grid 
is negative and passed when the grid is above cut -off ( gate 
open). If this were the entire gating circuit, the plate voltage 
of V5 would decrease when the gate was open and increase 
when closed thus creating a pedestal. 

To eliminate this undesirable effect, the plate of triode 
V6A is directly connected to the pentode plate and resistor 
R:38 is shared by both tubes. The triode grid is controlled by 
the inverted gating square wave from V4A. The net result 
is that the triode plate draws current when the gate is closed 
and prevents a voltage increase at the pentode plate thus 
eliminating the pedestal. The triode plate current is controlled 
by the cathode base line resistor R40. The output of the 
gating circuit passes through switch S2 to cathode follower 
V6B, designed to pass a wide frequency range, then to output 
jack J2. 'Waveform selector switch S2 is used to select the 
gated or continuous waveform from the generator. The scope 
monitoring switch S3 selects either the generator output or 
the output of the amplifier or other system under test. The 
latter signal is connected to the "Ext. Input" terminals and 
passes to cathode follower V4B, level control R44 and to the 
scope through S3. This arrangement provides for quick A -B 
viewing of the signals of interest. 

The scope sync output pulse from the first plate of V3 is 
available at J1 and may be connected to the scope external 
trigger input. 

Capacitors C20 and C21 are connected to the output of 
the gate circuit through the second section of the gate period 
switch Si and are used to reduce or eliminate switching tran- 
sients from the gating circuit. The capacitance must be care- 
fully selected as too large values attenuate the desired high - 
frequency output of the gated waveform. 

The power supply is a conventional, regulated full -wave 
system with two outputs at approximately 150 volts each. 

Alignment 
Allow five minutes warmup, then set "Gate Period" switch 

on front panel to 3 msec. and apply a 1500 -cps, 8 -volt r.m.s. 
sine wave to the "Sig. Gen." terminals. Connect an oscillo- 
scope to pin 6 of VI and set front -panel "Symm." control to 
mid -range and adjust "Trigger Adj." (R2) on the chassis for 
a symmetrical square wave. Move the scope lead to pin 6 of 
V3 and adjust "Multi. Adj. ", R21 on the chassis, for a sym- 
metrical waveform. This adjustment is quite broad. 

Connect the scope to the front -panel "Scope Output" ter- 
minals, set the "Waveform" switch to "Gated," "Scope 
Source" switch to "Internal," connect the "Sync" output to the 
scope external sync terminals and observe the waveform. 
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Fig. 2. Generator timing is shown by significant waveforms. 
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b. 

Adjust R40 `Base Line Adj." (located on chassis) so that the 
horizontal line falls midway between the peaks of the gated 
sine wave. If necessary, vary the input frequency slightly 
and re- adjust "Trigger Adj." to obtain a smooth transition be- 
tween the sine wave and the flat portion of the gated wave. 
The "Trigger Adj." control determines the transition at the 
beginning of the burst while the external generator frequency 
determines the transition at the end of the burst. 

Set the front -panel 'Gate Period" switch for 0.3 cosec. and 
the input frequency to approximately 19 kc. Rotate front - 
panel "Symm." control for best symmetry; its action is similar 
to that of "Trigger Adj ". 

Reset "Gate Period" for 16 msec. and the input frequency 
to 170 cps. Adjust "Symm." control for the best waveform. 
If the range of this control is insufficient for both high and 
low frequencies, re- adjust "Trigger Adj." a small amount and 
repeat the high- and low- frequency tests. Except for fre- 
quency extremes, it will not be necessary to adjust the 
"Symm." control in normal operation. Check operation of 
"Waveform" switch at "Cont." and operation of "Scope 
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Source" at "Ext." with a signal connected to the "Ext. Input" 
binding posts. 

Instrument operation is straightforward. A variable -fre- 
quency oscillator or a switch- selected generator such as the 
Heath IG -72 is connected to the front -panel "Sig. Gen." ter- 
minals and the 5- to 9 -volt r.m.s. signal at the desired test 
frequency is applied. If the wave pattern from the burst 
generator is unsymmetrical, adjust the external oscillator fre- 
quency to obtain a smooth transition at the end of the burst. 
The most stable pattern has an odd number of peaks at the 
top and an even number at the bottom. At frequency ex- 
tremes, adjust the "Symm." control for a smooth junction at 
the beginning of the burst. "Level" control R48, on the front 
panel, is used to adjust instrument output. Do not decrease 
the voltage level of the external audio oscillator. 

A test setup for checking audio amplifier performance with 
the tone -burst generator is shown in Fig. 4A. A range of sine - 
wave test frequencies in bursts of five to twenty cycles is 
preferable. Significant observations are the number of cycles 
required to attain steady -state conditions at the start and end 
of the burst. Overshoot and undershoot, as illustrated in 
Fig. 5, should be noted. In addition, ringing or self- excited 
oscillations may occur at the end of the burst. Ringing fre- 
quency often differs from the burst frequency. The setup 
shown in Fig. 4A can also be used to check a crossover net- 
work. The latter is inserted with loading resistors between 
the amplifier output and the burst generator. Test frequen- 
cies and burst -length conditions are similar to those for 
amplifier testing. Ringing may occur at the 3 -db point with 
conventional LC -type networks. (Continued on page 76) 
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Fig. 4. Suggested test setups. (A) For audio amplifier test- 
ing. A crossover network or high- or low -pass filter may be 
connected between amplifier output and burst generator. A 
tape recorder may be substituted for the amplifier. (BI Am- 
plifier and loudspeaker setup. The microphone is placed three 
feet from the speaker on axis. (Cl Gating random waveforms 
may be used to check intelligibility of gated voice at 50% 
duty cycle and can also produce some unusual sound effects. 

Fig. 5. Overshoot and undershoot distortion of a gated wave- 
form often shows up during over-all testing of audio system. 
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IEASLTRDIE\TTS 
Such measurement on communications 
transmitters is now specified by FCC 
for many radio services. Methods and 
types of equipment are described. 

By R. L. CONHAIM 

I HOUGH power input is often used as a measure of 
transmitter capabilities, the measurement of r.f. power 
output is becoming increasingly important. In some 

cases, power output measurements are demanded by the FCC 
or are required as part of the technical specifications for var- 
ious services. Domestic Public Radio Services, Aviation Radio 
Services, and proposed Citizens Band class D requirements 
all specify maximum power output. Broadcast stations -AM, 
FM, and TV -are all required to measure and monitor power 
output. In addition, power -output measurements can give an 
over -all check of the efficiency of a transmitter especially 
when compared with previous readings, and some methods 
even allow a rough check of modulation capabilities. In some 
types of instruments, feedline and antenna efficiencies can 
also be computed or directly read in terms of v.s.w.r. 

The reading of r.f. power is by no means as simple as read- 
ing power at d.c. or low- frequency a.c. Electrodynamometer- 
type wattmeters, such as are used to read power at 60 -cycle 
a.c. are completely unusable at radio frequencies. As a result, 
r.f. can only be read by some form of conversion- either con - 
verting the r.f. by rectification to d.c. or by converting to 
some other form of energy and then calibrating the indicating 
instrument in terms of r.f. watts. Let's consider a few of the 
more common basic methods. 

Calorimeter Wattmeters 
One common and accurate method is called the calorimeter 

technique in which the r.f. power is converted to heat. In 
these instruments, some medium for absorbing heat is re- 
quired. Water, oil, ammonia, and solid dielectrics have all 
been used, depending on the type of calorimeter and the 

COMPARISON 
LOAD 

COMPARISON 
HEAD 

PUMP 

HEAT 

EXCHANGER 

Fig. 1. Simplified diagram of a calorimeter power meter. 

METER 

amount of power which must be dissipated. These systems 
employ either a static or circulating medium, and a thermo- 
pile or other temperature- difference device which indicates 
such differences on electrical current- reading meters cali- 
brated in watts. Most such instruments, while quite accurate, 
are slow since time is required to heat the dissipative medium. 

One calorimetric power meter, the Hewlett- Packard' 
434A, employs an unusual technique in which a self- balanc- 
ing bridge is combined with a highly efficient heat transfer 
resulting in a response time of 5 seconds or less. As can be 
seen from the simplified diagram of Fig. 1, the unknown r.f. 
power is checked against a 1200 -cps comparison power in 
the bridge circuit. Two temperature -sensitive resistors serve 
as gauges. In operation, the unknown r.f. heats an input load 
resistor. This resistor and one gauge are in close thermal prox- 
imity so that heat generated in the input load heats the gauge 
and unbalances the bridge. The unbalanced signal is ampli- 
fied and applied to the comparison load resistor which is in 
close proximity to the second gauge, and nearly rebalances 
the bridge. The meter measures the power supplied to the 
comparison load to rebalance the bridge. Efficient heat trans- 
fer from the loads to the temperature gauges is accomplished 
by immersing the components in an oil stream. While quite 
accurate and reasonably fast for a calorimetric system, this 
instrument will read powers only to 10 watts, at frequencies 
from d.c. to 12.4 kmc. Being a laboratory instrument, it is 

quite costly for applications involving routine service work. 

Photometric Methods 

Converting the r.f. power to light has been used and is 
known as the photometric technique. In some applications, 
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Fig. 2. Typical panel -type thermo- ammeters mounted in cases 
with built -in dummy loads. Power is computed from P 

(A) (B) 

Fig. 3. (A) Thermo -ammeter schematic showing use of dummy - 
load resistors. (B) The basic peak- reading r.f. voltmeter. 

FULL -SCALE 
VALUE 

EQUIVALENT FULL -SCALE R.F. POWER 
52 -Ohm Load 72 -Ohm Load 

115 ma. 0.68 w. 0.95 w. 
150 ma. 1.17 w. 1.62 w. 
250 ma. 3.25 w. 4.5 w. 
500 ma. 13 w. 18 w. 

1 amp. 52 w. 72 w. 
1.5 amp. 117w. 162 w. 

2 amp. 208 w. 288 w. 
2.5 amp. 325 w. 450 w. 

5 amp. 1300 w. 1800 w. 
8 amp. 3328 w. 4608 w. 

10 amp. 5200 w. 7200 w. 

Full -scale values as low as 10 ma. and as high as 15 amps. 
are available from some manufacturers. External thermocou- 
ples are offered by some firms for use with their meters. 

Table 1. Common thermo- ammeter full -scale currents, powers. 

a special lamp containing two identical filaments is used. One 
filament is feci from the source of unknown r.f. power, while 
the other is fed from d.c. or low- frequency a.c. When the two 
filaments are of equal brilliance, the r.f. power is assumed to 
be the same as the d.c. or low -frequency a.c. power. A single 
filament lamp, read by a photocell, may also be used but some 
method of calibration is required. These photometric systems 
have limited usefulness because lamp filaments make poor 
dummy loads. They have considerable reactance above 2 
mc. and the resistance may vary with the amount of current 
passing through the filament of the lamp. 

Thermo -Ammeters 

The r.f. current measuring systems which employ thermo- 
couple ammeters, or thermo -ammeters as they are usually 
called, are quite accurate in common usage and make one of 
the simplest instruments when only r.f. power transferred 
into a dummy load or into an antenna system is to be meas- 
ured. 

Thermo -ammeters consist of a thermocouple and a d.c. 
moving -coil meter movement. The thermocouple is made of 
two dissimilar metals, joined at one end. If the junction of 
these metals is heated, a d.c. voltage is produced at the free 
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terminals. This voltage is proportional to the heat difference 
between the hot and cold ends. A practical thermocouple 
meter consists of a heater through which the r.f. current flows, 
a thermocouple attached to the heater element, and a d.c. 
moving -coil meter connected to the free ends of the thermo- 
couple. The d.c. voltage at the free ends causes direct current 
to flow through the meter which is calibrated in r.f. current. 
Power is then computed from Ohm's Law, P 1228, where R 
is the value of the load resistor used. 

Because deflection of the meter is proportional to the 
amount of heat in the heater wire, which is proportional to 
the square of the current passing through it, the thereto -am- 
meter has a square -law scale. In this type of scale, the lower 
end is quite crowded. For best accuracy, the full power 
should be read at about 70% of full scale, but the meter is 
readable over the range of 3 or 4 to 1, that is, a thermo -am- 
meter with a full scale of 1 ampere can be read down to about 
0.3 ampere. Such ammeters cannot be shunted for use on 
other ranges, since any shunt will make the meter quite fre- 
quency sensitive. Thermo -ammeters are good up to about 
200 mc. depending on the construction of the heater wire. 
Some thereto- ammeters are made with a thin -wall, hollow 
heater wire which behaves much like a waveguide, making 
the instrument usable at higher frequencies. 

Regular thermo -ammeters are made by a number of meter 
manufacturers. In appearance, they look like any other panel 
meter, except for the square -law scale. The- are comparable 
in price to other good- quality panel meters. Fig. 2'1'3 shows 
two such units. The larger meter provides a more easily read 
scale. Both have proved quite accurate and easy to use with 
CB transmitters when equipped with proper dummy loads. 
They may also be used in series with the center conductor 
of a coaxial cable as an indicator of power being transferred 
to the antenna. However, they should not be used with the 
antenna feedline as a load for tune -up purposes. When used 
in this way, they may have a tendency to add forward and 
reverse currents, giving a false indication of output power, 
resulting in mistuning of the transmitter coupling circuits. 
They are also useful as a rough indication of modulation ca- 
pabilities since speaking or whistling into the transmitter 
microphone will cause the meter to move up scale. 

Fig. 3A is a schematic of a typical thermo -ammeter with 
dummy load. The load is made up of 2 -watt carbon resistors 
in parallel. The closer the resistance of the dummy load 
matches the antenna feedline impedance, the more accurate 
will be the readings on the thermo- ammeter. For up to 8 
watts, three 5% 220 -ohm and one 5% 200 -ohm carbon resistors 
(all rated at 2 watts) in parallel, will come close to approxi- 
mating a 52 -ohm load. For higher power transmitters, paral- 
lel resistor combinations can be made in the same way. 

Special non -inductive carbon resistors are available for this 
purpose or standard commercial dummy loads can be used. If 
the load is constructed, leads should be kept as short as pos- 
sible and adequate ventilation allowed for heat dissipation. 

Fig. 4. A typical com- 
mercial dual -range 
r.f. wattmeter unit. 
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Fig. 5. These Cesco absorption wattmeters use circuits of 
the type shown in Fig. 3B. Units are available for powers 
up to 1500 watts. The dummy load resistors that are used 
are special non -inductive types that are submerged in oil. 

For power up to 13 watts into 52 ohms, a 0 to 500 -ma. meter 
will serve quite adequately. Table 1 lists commonly available 
full -scale values, together with interpreted wattage ratings 
for both the 52- and 72 -ohm loads. 

R.F. Voltmeters 
Radio- frequency voltmeters are commonly used as r.f. 

power measuring devices. Power is derived from the Ohm's 
Law formula, P =E2 /R. In some commercial models, these 
units are combined with systems which also read v.s.w.r. 
directly or indirectly, or both forward and reflected power. 
Crystal diodes are commonly used, but since such rectifiers 
have a tendency to vary in resistance with applied voltage, 
a swamping resistor (R1 in Fig. 3B ) is used. The time con- 
stant of C1 -R1 is made large with respect to the period of the 
lowest radio frequency to be measured. This condition can 
he met if R1 is at least 10,000 ohms and Cl is 1000 pf. C2 
merely provides additional r.f. filtering for the meter. Such 
voltmeters have to be calibrated and for this reason are not 
too popular as construction projects. 

A typical commercial meter, the Electro Impulse Labore- 
torlt4 Model AM -6 is shown in Fig. 4. This meter is useful 
over the range 100 kc. to 200 mc. It is a dual -range type, 
employing a voltage divider for full -scale values of 1.5 to 6 
watts, and a full -scale accuracy of 5 %. The voltage- divider 
characteristics are such that the voltage divisions are the same 
for d.c., 60- cycle a.c., or r.f. This makes for easy calibration 
and checking against known standards. Other models are 
made for full -scale wattage readings up to 1500. This meter 
is intended for transmitter measurements only and cannot he 
employed for feedline or antenna measurements. 

Other examples of this type of device, but able to measure 
higher powers, are shown in Fig. 5. 

Reflectometer and In -Line Meters 
These instruments are bridge -type voltmeters, consisting 

of one or two voltmeters, and employing resistor, resistor - 
capacitor, or capacitor bridges. Rather than being directly 
connected to the feedline or transmitter, they employ a short 
length of coaxial line and a pickup loop so that energy is 
induced by mutual inductance and capacitance from the trav- 
eling r.f. wave. When two bridges or detectors are used, the 
instruments can be made to read either forward or reflected 
waves on the feedline and can thus be calibrated in both watts 
and v.s.w.r. In some commercial instruments, the pickup de- 
vice is a special element which can be placed in the instru- 

ment in one of two ways so that the forward or reverse waves 
can be read merely by reversing the element physically. 

A typical reflectometer circuit is shown in Fig 7. For rela- 
tive readings and the computation of v.s.w.r., no special cali- 
bration is required. But for accurate power measurements, 
the instrument must be calibrated for each specific frequency 
range, or furnished with plug -in elements for different fre- 
quencies and different power ranges. Because instruments of 
this type draw relatively little power, they may be left in the 
feedline as permanent power monitors or to determine an- 
tenna conditions. 

Fig. 6 shows a typical in -line instrument manufactured by 
Cesco5 and calibrated in power for CB use. This is a basic 
dual- bridge instrument with a single indicator. Forward or 
reverse power is selected by a switch. The v.s.w.r. is 
read by adjusting a potentiometer for full -scale reading in the 
forward direction, then switching to the reflected direction 
and noting the reading directly in v.s.w.r. Like all diode -type 
instruments, it shows few effects from sidebands and so is not 

Fig. 6. Internal view of in -line r.f. wattmeter for CB. 

particularly useful for indicating modulation conditions. This 
instrument may also be used for measuring relative field 
strength. 

One of the in -line -type instruments most popular with 
manufacturers and professional service engineers is the Birds 
"Thruline" wattmeter, dubbed the "Birdie" by many of its 
users. This instrument has a number of unique features and, 
as a professional instrument, enjoys widespread use in both 
military and civilian applications. 

This wattmeter employs changeable plug -in elements, pro- 
vided in a variety of ranges, for different frequencies and dif- 
ferent power applications. Elements are macle in six fre- 

Fig. 7. Basic circuit diagram of a reflectometer unit. 
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Fig. 8. (Left) "Thruline" wattmeter with changeable power ele- 
ment. (Right) A coaxial dummy load resistor rated at 5 watts. 
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Fig. 9. Simplified schematic of Bird wattmeter. R.f, power can 
be measured in either direction depending on the plug position. 

Fig. 10. Schematic diagram of the General Radiotelephone multi- 
function unit. Device can also be used as field -strength meter. 

LI 
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quency bands from 2 to 1000 mc. and in various power levels 
from 5 watts full -scale to 1000 watts full -scale, with an ac- 
curacy of 5% of full -scale. This instrument and a coupling ele- 
ment are shown in Fig. 8 (left). A simplified schematic is 
given in Fig. 9. A coaxial resistor, designed to be used as a 
dummy load for transmitter bench checks is shown in Fig. 
8 ( right) . These resistors are made in a variety of power rat- 
ings. The one shown is an air- cooled, deposited -carbon type 
designed for 5 watts dissipation. 

The Bird wattmeter consists of a short, uniform section of 
air line, the characteristic impedance of which is exactly 50 
ohms. The coupling element is prominently printed with an 
arrow indicating the direction of the traveling wave being 
read. Energy is produced in the coupling element by both 
mutual inductance and capacitance from the traveling waves 
of the line section. Inductive currents flow according to the 
direction of the wave. Capacitive currents are independent of 
traveling -wave direction. Therefore, assuming the element 
remains stationary within the air line, current produced from 
the waves of one direction will add in phase, while those 
traveling in the opposite direction will subtract in phase. As 
a result, and because of the design of the element, only the 
wave desired (forward or reflected) will be read, while cur- 
rent from waves of the opposite direction will be cancelled 
out almost entirely. A directivity always higher than 35 db 
will result. While v.s.w.r. can be computed with this instru- 
ment, the manufacturer recommends the user think in terms 
of power ratios, forward to back. A ratio of 10% gives a v.s.w.r. 
of less than 2 to 1 which is, for all practical purposes, a good 
antenna installation in communications work. Lower stand- 
ing -wave ratios yield little in the way of improved perform- 
ance, although in TV, v.h.f. omnirange transmitters, and FM 
multiplex systems, the lowest possible standing -wave ratio 
is desired. 

The r.f. line section of the Bird wattmeter may be removed 
and permanently installed in the transmission line. The d.c. 
meter is connected by cable to this line and may be installed 
at considerable distances from the line section. Cable lengths 
up to 25 feet are available from the manufacturer, although 
any shielded cable such as RG -58 /U may be used. 

Another instrument employing the reflectometer principle, 
but also including a built -in load resistor and a field- strength 
meter, is the General Radiotelephone? Model 615. This in- 
strument is calibrated for 27 mc. but may be used in the 
range 27 -54 mc. As a power meter, it will read either power 
in the feedline, forward or reflected, or power absorbed by a 
calibrated internal load resistor. Power may be read on either 
a 5- or 25 -watt scale. A peaking coil is provided for field - 
strength measurements on frequencies higher than 27 mc. 
A schematic of this instrument is shown in Fig. 10. 

The Slotted Line 
At frequencies in the u.h.f. range, the slotted line is often 

used, especially for reading v.s.w.r. While this type of in- 
strument measures with a high degree of accuracy, it is 
quite expensive since it is a precision -machined device slightly 
longer than one -half wavelength. Consequently, it is con- 
sidered impractical at frequencies below 460 mc. It is cer- 
tainly not something that can be constructed in the shop, 
unless precision machine tools are available. Basic informa- 
tion on slotted lines can be found in standard texts. 

Selecting & Using R.F. Power Meters 
The type of- wattmeter you select will depend on many 

factors -your intended use, your pocketbook, accuracy de- 
sired, the band on which you are operating, as well as other 
considerations. You can pay as little as $19.95 for a factory - 
assembled and calibrated CB instrument to as high as $1600 
and more for a laboratory calorimeter. In between are the 
professional standards used by manufacturers and communi- 
cations engineers, ranging in (Continued on page 100) 
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bother with makeshift 

twist -prong capacitor replacements? 

When you substitute capacitor sizes and ratings, you leave 
yourself wide open for criticism of your work ... you risk 
your reputation ... you stand to lose customers. It just 
doesn't pay to use makeshifts when it's so easy to get the 
exact replacement from your Sprague distributor! 

Get the right SIZE, 

right RATING every time 

with improved 

SPRAGUE 

TWIST -LOK' 

CAPACITORS! 

Over 1,690 different capacitors to choose from! 
The industry's most complete selection of twist -prong capacitors, bar 
none. Greater reliability, too. Exclusive Sprague cover design provides 
a leak -proof seal which permits capacitors to withstand higher 
ripple currents. 

GET YOUR COPY of Sprague's comprehensive Electrolytic 
Capacitor Replacement Manual K -106 from your Sprague 
Distributor, or write Sprague Products Co., 51 Marshall St., 
North Adams, Massachusetts. 

WORLD'S LARGEST MANUFACTURER OF CAPACITORS 
6s-izz-63 

October, 1963 

SPRAGUE® 

THE MARK OF RELIABILITY 
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Oin L 
What factors affect the resistance of a ground? How is such 
resistance measured and a low -resistance ground obtained? 

DOWN -TO -EARTH DISCUSSION 

BARNEY, a little late to work this bright October morn- 
ing, went,bustling into the service department only to 
discover his employer was not there. His relief was 

short -lived, though, for Mac came backing through the rear 
door paying out a couple of heavy insulated wires in front 
of him. 

"There you are!" Mac exclaimed, glancing over his shoul- 
der. "Let's see now: we can't say the alarm didn't go off, the 
car wouldn't start, or a train across the track held you up, 
can we? We've already used those." 

"Aw get off my back, will you ?" Barney pleaded. "Can I 
help it if our dog got sick in the night and I had to drop him 
off at the vet's? Where do those wires go? What are you 
going to do with them ?" 

"Allowing you to change the subject, they go to a couple 
of rods driven into the earth out back, and I'm going to use 
them to measure the resistance of our service bench and 
lightning arrester grounds." 

"Because our personal safety and the safety of our equip- 
ment depends in a large measure on having low- resistance 
grounds." 

"They have low resistance all right," Barney assured him. 
"The wires going to them take care of that." 

"I'm afraid not. While actually the resistance of a ground 
is made up of the resistance of the lead, the resistance of 
the rod, the resistance of the rod -to -earth contact, and the 
resistance of the earth surrounding the rod, the resistance 
of the first three is insignificant when compared to the fourth, 
which is ordinarily so much higher." 

"You mean the contact resistance between rod and earth 
is low ?" 

"Right. Bureau of Standards tests show that if the rod is 
free of paint or grease and the earth is packed close around 
it, contact resistance is negligible. Now to understand earth 
resistance, picture the ground rod as surrounded by succes- 
sive shells of uniform- resistance earth of equal thickness. 
The first shell, the one nearest the rod, will have the smallest 
cross- section of soil at right angles to the current flowing 
out from the rod; so it will have the most resistance. The 
next shell with a larger cross- section will have less resistance. 
As we keep adding shells farther and farther from the rod, 
the cross -section of each shell increases and its resistance 
goes down until we finally reach a point where the addition 
of more shells adds next to nothing to the resistance of our 
ground." 

"How far from the ground rod is that point ?" 
"Ninety percent of the total electrical resistance is gen- 

erally within a radius of six to ten feet from the rod." 
"I suppose the kind of soil has a lot to do with the resist- 

ance." 
"It does. The Bureau of Standards found the least resist- 

ance in soil made up of fills containing more or less refuse 
such as ashes, cinders, and brine waste. An average ground 
in this material tested 14 ohms. Clay, shale, adobe, gumbo, 
loam, and slightly sandy loam came next with an average 
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ground resistance of 24 ohms. Mixing this same soil with 
varying amounts of sand, gravel, and stones shot the resist- 
ance up to 93 ohms. Finally, when only sand, gravel, or 
stones with little or no clay, .or, loam constituted the earth, 
the resistance rose to 554 ohms." 

"Guess if we want a really good earth ground we should 
set up in the middle of the city dump," Barney observed. 
"Does the dampness of the earth affect the resistance ?" 

"Yes. When the moisture content of the soil falls below 
20%, the resistance goes up rapidly. For example, a given 
sample of soil with 10% moisture has a resistance of about 
350,000 ohms per cm.' Increasing moisture to 20% brings this 
down to 10,000 ohms per cm.' and increasing it to 35% cuts 
this to 5000 ohms per cm." Moisture content of the soil var- 
ies from about 10% in dry seasons to around 35% in wet 
seasons, averaging out at around 16 to 18 percent. That's 
why the resistance of a driven ground will often more than 
double from a wet spring to a dry fall." 

"How about temperature? Does it affect the resistance ?" 
"I'll say; especially when the ground freezes. The resist- 

ance of a soil sample with a stable moisture content rose from 
200 ohms per cm.' to 500 ohms per cm." as the temperature 
fell from 70° F. to 35° F.; then it really took off. At 20' 
the resistance was up to 6000 ohms per cm.' and at zero 
it was more than 40,000 ohms per cm.' Where the ground 
freezes, it's especially important the ground rod be long 
enough to reach below the frost line. In fact, the ground rod 
should be long enough to reach down to the permanent 
moisture level of the soil anyway. The top soil has the most 
resistivity and is subject to wide variations in resistance 
with changing seasons. The greatest reduction in resistance 
is ordinarily encountered in going down the first six feet, 
but the eight -foot rod is the most popular. In most- though 
not all- cases, this length of rod will reach permanent mois- 
ture." 

"Does the size of the rod have anything to do with the 
ground resistance ?" 

"Not a whole lot. A comparison between li -inch and 1 -inch 
rods driven into the earth reveals the latter, with twice the 
diameter and four times the area, decreases the resistance 
only about 10 %. In general, the rod need only be large 
enough and strong enough to withstand driving without 
bending." 

"Where you getting all this dope on grounds? You got 
awful smart all at once." 

"I've been reading a booklet called `Practical Grounding' 
published by the Copperweld® Steel Company, Wire and 
Cable Division, Glassport, Pa. They send this free for the 
asking. Also I've been studying `A Manual on Ground Re- 
sistance Testing' published by the James G. Biddle Co. of 
Philadelphia and intended for users of the Megger® ground 
testers manufactured by that company. Thanks to these two 
authorities, I feel well- grounded on the subject." 

"Oh brother! Let's get on with the testing," Barney sug- 
gested, making a wry face at the pun. "How come you 
need two more grounds to test the one here in the shop? 
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Add 15 miles to UHF reception range 

First All Channel UHF Booster -Blonder- Tongue U -BOOST 

The fabulous new Blonder- Tongue U -Boost adds up to 15 
miles to the UHF reception range. The U -Boost can clean up 
and improve fuzzy TV pictures in weak UHF signal areas, 
making them sharp and clear. 
The U- Boost(gain 10 db) triples antenna signal voltage - 
improves picture contrast on all but the "hottest" TV sets 
or with deluxe converters. Further, the U -Boost has a lower 
noise figure than most existing TV sets or UHF converters. 
This means a better signal -to -noise ratio, resulting in less 
snow in the picture. An easy non -critical tuning dial enables 
the U -Boost to cover all UHF channels, 14 thru 83. 
Installation of the U -Boost is simple. It has an AC con- 
venience receptacle; patented 300 ohm stripless terminals 

engineered and manufactured by 

make it a cinch to connect twin lead without stripping or 
splicing. The modernU-Boost styling matches the new Blonder - 
Tongue UHF converters. U- Boost,List $34.95 

BLONDER- TONGUE UHF CONVERTERS, PERFORMANCE -PROVED 2,000,000 TIMES 

Blonder- Tongue 99 -S - all -channel UHF converter for prime 
signal areas $27.95 

Blonder- Tongue BTU -2T- all -channel 
converter with 5 to 8 db increase 
in signal power. For weak signal 
areas $41.35 

Look to the leader in UHF. 
See your Blonder -Tongue distributor. 

BLONDER TONGUE 

o.« 

f 9 Ailing St., Newark, 2 N. J. 

Canadian Div.: Elenco Television Assoc., Ltd., Toronto, Ont. /home TV accessories closed circuit TV community TV UHF converters master TV 

October, 1963 CIRCLE NO. 110 ON READER SERVICE PAGE 59 



ENGINEERING BREAKTHROUGH 

ROBERTS 
CROSS FIELD 

records 
automatically 

15 
high fidelity 

stereo albums 
for the price 

of one! 
Now, 8 hours of full- range, true, high fidelity 
stereophonic music, or 16 monaural hours, can be 

yours on one 7" reel, with the revolutionary new 
Roberts Cross Field "770" Tape Recorder. The aver- 
age tape cost per album: only 33¢. The "770" 
has an exclusive patented third head, the Cross 
Field Head, which separates recording and biasing 
functions. The result: the "770" records 40 to 
22,000 cps, producing true fidelity at 1%a ips and 
preserving the high frequency harmonics that 
breathe life into music playback. The Cross Field 
playback head has a gap width of only 40 micro - 
inches, the smallest, most responsive head ever 
engineered. For this head, Roberts employs 
NC -88, a new alloy, that is practically wear -proof. 
Other features: 2- speed, electrically- switched, 
heavy -duty hysteresis synchronous motor, minis- 
cule wow and flutter at slow speeds; special ven- 
tilation system keeps the "770" cool even after 
8 hours; two .5" x 7" self -contained elliptical, 
extended -range, heavy -duty Alnico V- magnet 
speakers; new automatic total shut -off. $499.95. 

SEE ROBERTS TAPE RECORDERS AT BETTER 
PHOTO AND SOUND CENTERS ;269.95 - $599.95 

Specifications: 71/2, 33/4, 17/8 ips. Power Amplifier 
Output: 12 watts Frequency response: at 71/2 

ips, 40 to 22,000 cps i-2 db; at 334 ips, 40 to 
18,000 cps ±2 db; at 1V /8 ips, 40 to 13,000 cps 
-3 db Signal to noise ratio: -55 below 0 

recorded level Wow and flutter: at 71/2 ips, less 
than 0.12% rms; at 33/4 ips, less than 0.20 %; at 
17/$ ips, less than 0.30% Blower vent system 
2 large stereo 5" x 7" elliptical, extended range, 
heavy duty Alnico V magnet speakers Hysteresis 
synchronous instantaneous electrically controlled 
2 speed motor Automatic total shutoff Oper- 
ates Horizontally or Vertically. 

FREE BOOKLET! "40 AND MORE WAYS TO USE 
A ROBERTS TAPE RECORDER" 

Roberts Electronics, Inc. 
5978 Bowcroft, Dept. EW -10, 
Los Angeles 16, Calif. 
Please send free booklet 
Please send me complete information 
about Roberts Tape Recorders 

Name 

City State State___ 
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Why don't you just measure the resist- 
ance between our ground and a water 
pipe ?" 

"Because a water pipe ground has 
resistance, too; and when you measure 
the resistance between two grounds you 
simply get the series resistance of both 
grounds and don't know how much of 
the total resistance belongs to the 
ground you're trying to measure." 

"So how are you going to get around 
this ?" 

"I'll show you. Write down on the 
blackboard measurements taken be- 
tween pairs of grounds as I make them 
with the v.o.m. Call our bench ground 
'A' and those two outside grounds 'B' 
and 'C.' Here we go: 

Stray d.c. Stray a.c. Average 
voltage voltage ohms 

A-B .04 .15 80 
A-C .045 .5 85 
B-C .08 .6 95 

"Notice I took two readings of each 
resistance, reversing the probes and 
averaging the readings to nullify the 
effect of the stray d.c. voltage. We see 
the resistance of A + the resistance of 
B = 80 ohms. A + C = 85 ohms. 
Adding these two equations together, 
we get: 2A + B + C = 80 + 85 or 
165 ohms. From that let's subtract the 
equation: B + C = 95 ohms. That 
leaves: 2A = 70 ohms, or A = 35 ohms. 
We've 'used' the other two grounds to 
get at the resistance of A and then made 
them cancel themselves out! For good 
accuracy, the resistance of the auxiliary 
grounds should approximate that of the 
one being measured and they should 
be at least 20 feet from that ground and 
from each other in order to prevent 
overlapping of their 'effective resistance 
areas.' " 

"Hey, that's neat! I see, though, the 
presence of that stray d.c. voltage kind 
of messes things up." 

"You're right, and it and the stray 
a.c. voltage are almost always found in 
some degree between two rods driven 
into the earth. We can get away from 
the d.c. by using a.c. and computing 
the resistance. We simply use an a.c. 
ammeter to measure the amount of cur- 
rent a given amount of a.c. voltage 
sends through a pair of rods. The re- 
sistance is equal to E /I. Or we can use 
a Wheatstone bridge operating on an 
alternating current of say 1000 cycles 
and balance the bridge with a pair of 
headphones. This last method would 
get away from any errors introduced 
by stray 60 -cycle a.c. between our rods. 
In either case, we would do the com- 
putation exactly as we did when we 
measured, resistance with the v.o.m." 

"You spoke of a `Megger' instrument 
designed to measure ground resistance. 
Does it use one of the methods we've 
just been talking about ?" 

"No, it uses still another 'fall- of -po- 
tential' method in which an auxiliary 
ground rod is driven some distance 
away from the ground to be measured 
and another rod is driven about half 
way between the two grounds. An a.c. 
current is fed through an ammeter to 
the ground being measured and the 
farthest test ground. Voltage appearing 
between the ground being measured 
and the mid -point ground is read with 
a high resistance a.c. voltmeter. The 
resistance wanted will equal the meas- 
ured voltage divided by the measured 
current. 

"The `Megger' uses this basic method 
to give a direct reading of the ground 
resistance. It consists essentially of a 
hand -cranked d.c. generator whose out- 
put flows through the current coil of 
an ohmmeter and then goes to a current 
reverser that changes it into a.c. to be 
applied to the farthest -apart grounds. 
The a.c. voltage appearing between the 
center ground and the ground being 
measured is fed back through a po- 
tential commutator that restores it to 
d.c. for application to the potential coil 
of the ohmmeter." 

"Hold it!" Barney interrupted. "That 
makes two ohmmeter coils." 

"There are two coils. This ohmmeter 
is like none you ever saw. A low -re- 
sistance current coil and a high- resist- 
ance potential coil are mounted on the 
same shaft that moves the pointer and 
they work in opposition in the field of 
a permanent magnet. No hair- springs 
keep the pointer at one place. It as- 
sumes a position dictated by the ratio 
of the current through the current coil 
and the voltage applied to the potential 
coil. The ohms scale is much more 
nearly linear than that of our v.o.m. 
The current reverser and the potential 
commutator are mounted on the same 
shaft as the generator armature and so 
are synchronized for all hand -cranked 
speeds. Changing the voltage and fre- 
quency of the output of the instrument 
by turning the crank at different speeds 
has no effect at all on the resistance 
reading. 

"To use the instrument, you only 
have to run leads from three binding 
posts to the proper grounds. One test 
ground should be about 50' from the 
ground being tested, and the other 
should be at 100'. These auxiliary 
ground rods need only be driven 2' or 
3' deep. You turn the crank and read 
the resistance of the ground directly on 
the meter. If stray a.c. makes the read- 
ing erratic, you simply turn the crank 
faster or slower to shift the test fre- 
quency away from the 60 -cycle stray 
current." 

"If a fellow was going to do a lot of 
ground testing or needed high accu- 
racy, that would be the ticket," Barney 
observed; "but these other computa- 
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ASSEMBLE YOUR OWN ALL-TRANSISTOR 
SCHOBER ELEGTßO \IC ORGAN 

All -New, All- Transistor Schober Recital Organ 
32 voices, 6 couplers delight professional musicians ...make learning 
easy for beginners. 
Standard console, pedals, keyboard correspond exactly to pipe -organ 
specifications. 
Printed circuit construction and detailed illustrated instructions make 
for easy assembly ...no previous experience necessary. 
Highly accurate church and theatre pipe tone in 5 pitch registers make 
every kind of organ music sound "right ". 
Optional: Combination Action, Schober Reverbatape Unit, Repetitive 
Theatre Percussions. 
All- transistor circuitry makes possible full 5 -year guarantee. 

Designed by organists for organists, the new Schober Recital Organ 
actually sounds like a fine pipe organ. The newly- developed Schober 
Library of Stops Kit provides you with an infinite number of extra 
voices so that you can instantly plug in the exact voices you prefer 
for a particular kind of music. Thirteen -piston, instantly resettable 
Combination Action makes the Recital Organ suitable for the most 
rigorous church and recital work. The Schober Reverbatape Unit 
gives you big- auditorium sound even in the smallest living room. 
An instrument of this caliber would cost you $5000 to $6000 in a 
store. Direct from Schober, in kit form (without optional percus- 
sions, pistons, Reverbatape Unit) costs you only $1500. 

New, All- Transistor 
Schober Consolette II 
Here's the most luxurious "home - 
size" organ available today ...with 
the same circuitry and musical 
design as the impressive Recital 
Organ. Full 61 -note manuals, 17 
pedals, 22 stops and coupler, 3 

pitch registers, and authentic thea- 
tre voicing leave little to be desired. 
Musically much larger than ready - 
made organs selling for $1800 and 
more ... the Consolette II, in kit 
form, costs only $850. 

New Schober Spinet 
The Schober Spinet is a quality 
electronic organ; only 391/4-inches 
wide, it will fit into the smallest 
living room or playroom -even in 
a mobile home. Yet it has the same 
big -organ tone and almost the same 
variety of voices as the larger Con - 
solette II. The Schober Spinet far 
exceeds the musical specifications 
of ready -made organs selling for 
$1100 and more. In easy-to- assem- 
ble kits... only $550. 

HERE'S WHY YOU SHOULD BUILD 

A SCHOBER ORGAN! 

You cannot buy a finer musical instrument for over 
twice the price. You get the finest in musical and 

mechanical quality. 

It's easy to assemble a Schober Organ. If you can read 

and use your hands, you can easily make your own 

superb organ. Everything you need is furnished ... 
including the know -how; you supply only simple tools 
and time -no knowledge or experience is required. 

You can buy the organ section by section ... so you 
needn't spend the whole amount at once. 

You can begin playing in an hour, even if you've never 
played before-with the ingenious Pointer System 
available from Schober. 

Thousands of men and women - teen-agers, too -have 
already assembled Schober Organs. We are proud to 
say that many who could afford to buy any organ have 
chosen Schober because they preferred it musically. 

Schober Organ Kits are sold in the U.S. only by... 

THE Ychelei i CORPORATION 

43 West 61st Street, New York, N. Y., 10023 Dealers in Canada, Australia, Hong Kong, Mexico, Puerto Rico and the United Kingdom. 

SEND FOR FREE 1964 SCHOBER CATALOG ... 
Describes the exciting Schober Organs and 
optional accessories in detail; it 
includes a FREE 7 -inch "sampler" record 
so you can hear before you buy. 

Also available: 
10 -inch high- quality, long playing record.., 
fully illustrates all three models with 
different kinds of music. Price is 
refunded with first kit purchase ... $2.00 

October, 1963 

The Schober Organ Corp., Dept. RN -27 
43 West 61st Street, New York, N. Y., 10023 

Please send me, without cost or obligation, the 1964 
Schober Organ Catalog and free 7 -inch "sampler" record. 
Enclosed find $2.00 for 10 -inch quality, LP record of 
Schober Organ music. ($2.00 refunded with purchase of 
first kit.) 

Name 

Address 

City State Zip No 
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This is the Exciting New 
"CG" Cavity Generator 
Spherical Sound System. 

"CG" Construction and 
Performance are uniquely 
different -han anything 
you have ever known and 
create a new awakening 
in Market Standards, in 
Quality, and in Price! 

Check with your local dealer 
or send for complete 

information. 

MY RRAY -TO N E Introducing the 

CAMILLE SERIES 
Size: 11 "x8 "x41/4" -Full Frequery Range 

(without boom). Power: 8 Watts (meowed). 
Propagation: 360 Spherical Degrees. 03-onal 

Finishes: Oiled Walnut, Harvest lac le of 
Limed Oak. Moderately Priced at $39.95 

'1urrar -Car sott Corpc'raion 
2424 E. 55th STREET, DEPT. 3A, INDIANAPOLIS 20, INDIANA 

NEW .,.J EN1 L ! L E NEW PRE N 
CIRCLE NO. 139 ON READER SERVICE PAGE 

MOST VERSATILE! 

HOME -STUDIO -LAB 
3 motors -3 heads -3 speeds 
1/4 track stereo (sound -on- sound) 
electronic "Micro Touch" controls 
4 mixing inputs (high or low level) 
separate bass /treble controls 
magnetic brakes (no adjusting) 
echo recording facility 
guaranteed performance 
and many others (write today) 

INTERNATIONAL 
1718 Mishawaka Rd. Elkhart, Ind. 
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PLATE TRANSFORMERS 
AMERTRAN -Primary 105.125 AC. 60 
Cy. Secondary 
3100.0.3100 V. AC e 600 MA $65.00 12 KVA) Price ea 
Primary 110V. 60 Cy. Secondary $9,95 1125 -0 -1125 (a' 250 MA ea. 

FILAMENT TRANSFORMERS 
All 110 VOLTS -60 CYCLES unless noted 

i Sec. 6.3 V. 4 A..1.75 Sec. 6.3 V. 25 A. 4.75 
Sec. 6.3 V. 5 A 1.95 

y Sec. 12.6 V. 5 A S 2.95 
S Sec. 5 V 52 Amps 116 KV ins) 5i7.95 

t 
210 Pri. 60 Cy. See. 1.6 V 1100 amp 518.95 

RELAYS 
0. 6 VOLT DC 3P5T -N.0 

12 VOLT DC DPDT 
i 110 V. AC SPDT Plug -In 

Sens. 11,000 Ohm Coil 1 Ma. Adj. SPOT 

65 
1 3 
1 5 
1.95 

SILICON RECTIFIERS 
PII/ Current Price 
100 500 Ma S .25 
200 500 Ma .30 
400 500 Ma .50 
750 500 Ma .90 
200 750 Ma .30 
400 750 Ma .50 
100 2 Amps .35 
200 2 Amps .55 

PIV 
400 
100 
200 
400 
50 

100 
200 

Current 
2 Amps 

15 Amps 
15 Amps 
15 Amps 
50 Amps 
50 Amps 
50 Amps 

Price 
$1.00 

1.53 
2.75 
3.75 
3.50 
4.25 
5.03 

BRAND NEW OIL CONDENSERS 
50 MFD 200 \'D(. 4.50 2 MFD 2000 VDí; 1.50 

2 MFD 000 V0C .50 4 MFD 211(I0 VD: 3.50 
3 MN) 600 VD(' .60 10 MFD 2500 VDC 6.95 
4 MFD 6()11 VD(' .75 2 MFD 40011 VI)!' 6.23 
5 MFD I7110 VDC .80 3 MFD 4000 VD% 8.91 
6 MFD 600 VDC .85 4 MFD .10011 ' 1.2.95 
8 MFD 600 VDC .95 1 MFD 5000 VDC 4.50 

10 MFD 600 VDC 1.19 2 MFD 5(11111 VI)C 9.50 
12 MFD 600 VDC 1.50 4 MFD 6000 VDC 15.95 

1 MFD 1000 VDC .50 .5 MFD 7500 VDC 2.95 
2 MFD 1000 VDC .70 1 MFD 7010 V i' 6.93 
4 MFD 1000 VDC 1.35 2 MFD 7500 17.95 
8 MFD 1000 VDC 1.95 2 MFD 10.000 " 29.95 

10 MFD 1000 VDC 2.50 2 MFD 12,500 " 34.50 
12 MFO 1000 VDC 2.95 1 MFD 15.000 " 42.50 

1 MFD 1200 VDC .45 2 MFD 16,000 " 69.50 
1 MFD 1500 VDC .75 1 MFD 20,000 " 59.50 
2 MFD 1500 VDC 1.10 .5 MFD 25,000 " 34.95 
4 MFD 1500 VDC 1.95 1 MFD 25,000 " 69.95 
8 MFD 1500 VDC 2.95 10 MFD :1 10 \('. 1.95 
1 MFD 0000 VDC .85 3 MFD 1000 VAC 1.95 

SPECIALS 
LOW IMPEDANCE DYNAMIC 
MICROPHONE ELEMENT .. ... .991 
MINIATURE EARPHONE - Magnetic - with Cord. 
plug and jack - American made......... .651 
BC 442AM ANTENNA BOX 1 95 
21/2" Meter 100 -0 -100 Mieroamps..... ... 2.95 
0 -365 MMF VARIABLE CONDENSER 1,4" Shat 751 
23:2" 0 -100 MICROAMP METER 3 95 
4" Rect. 100 -0 -100 MiCroamps 4 55 

PEAK ELECTRONICS CO. 
Broadway, New York 7, N. Y., W0 -! -2370 
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tional methods will work fine for us. 
How low a resistance do you need, 
and how do you go about lowering the 
resistance of a ground that is too high ?" 

"Electrical codes require the resist- 
ance of a driven electrode shall not 
exceed 25 ohms, but the lower the bet- 
ter. Ours, as you can see, is not low 
enough after the prolonged drought. I 
think I'll first try going deeper with 
`Copperweld' Sectional Rods that are 
threaded on both ends so one can be 
driven full length into the earth, an- 
other screwed on the top with a spe- 
cial coupler, that driven full length, and 
so on. Low- resistance soil is often en- 
countered 20' to 40' below the surface. 
In a typical test, a ground that meas- 
ured 270 ohms at 8' measured only 10 
ohms at 40'. 

"Another possibility would be to 
drive several other 8' rods and connect 
them to our present ground. If these 
new grounds are kept at least 5' from 
our present ground and from each 
other, three more rods should cut our 
ground resistance to about one -third its 
present value. 

"Or we could chemically treat the 
ground around our present rod to lower 
its resistance. This should be done by 
digging a foot -wide- foot -deep circular 
trench out about a foot and a half from 
the rod and filling it with magnesium 
sulphate, copper sulphate, or ordinary 
rock salt. This works best where the 
ground resistance is quite high. The 
improvement fades away with time un- 
less the treatment is renewed every few 
years." 

"A ground always seemed such a 
simple thing to me," Barney said with 
a sigh. "You just drove a rod into the 
earth and that was it. Now it seems 
terribly complicated." 

"There is no such thing as a simple 
subject," Mac parodied; "there are just 
uninformed people!" 

CAR RADIO SERVICE 

"I don't service the sets . . . . . . .t take 
'em in and out." 

ELECTRONICS WORLD 



what's it worth? 
This is a typical PHOTOFACT TV 
Folder. What's it worth? Nothing, until 
you run up against a repair problem on 
this model. 

Then, what's it worth? 
We get a pretty good idea of what it's 

worth in reports we get (unsolicited) 
from PHOTOFACT users. 

"Saved $20 in time -ran down a cold 
solder joint in three minutes, thanks to 
your Standard Notation Schematic and 
resistance chart." 

"Just fixed a job -sound bars in the 
picture. Used your alignment instruc- 
tion chart and located the adjustment 

ONLY $10 DOWN 
puts the complete 
PHOTOFACT Library in 
your shop -no interest, 
no carrying charges, up 
to 30 months to pay. 
Special Free File Cabi- 
net offer, too. And, to 
keep up with current 
industry output, sign 
up for a Standing Order 
Subscription to PHOTO - 
FACT. See your Sams 
Distributor for full 
details or mail coupon. 

October, 1963 

on the chassis photo. Got rid of the IF 

detector buzz by following advice in 

the Field Servicing notes. Would have 
taken me an hour or more the hit -or- 
miss way." 

"Licked my problem in a few min- 
utes. Loss of horizontal hold. Checked 
tube failure chart. Trouble source not 
there. Checked the schematic -there 
it was -waveform at W17 and voltage 
reading at Pin 4 showed leaky cou- 
pling capacitor C78. This one Folder 
was worth $10 to me." 

You get PHOTOFACT at a cost of 
less than 1.5 cents per page -about 25 

=VALUABLE 
PHOTOFACT INDEX 

Send for it today! Your 
guide to over 56,000 
TV, Radio, Electronics 
equipment listings. 
Covers virtually every 
model produced since 
1946. Helps you locate the proper 
PHOTOFACT Folder you need to solve 
any service problems in any model. Send 
coupon today for your FREE copy of 
the latest PHOTOFACT Index to the 
service data you need. 

VaS'EBIk'tlE1 

SAMS PNOiDFbC1 

for this particular TV Folder. Users 
don't measure PHOTOFACT by its 
pennies -per -page cost. It's the worth - 
the time -saving, profit- making worth 
that counts. 

Of course, you can get along without 
PHOTOFACT -a few do -and maybe 
they're making a living. But it's the 
hard way. 

Doesn't it make good sense to see 
your Sams Distributor today for de- 
tails on an Easy -Buy PHOTOFACT 
Library and Standing 
Order Subscription? Or 
use the coupon below. 

HOWARD W. SAMS & CO., INC. 

Howard W. Sams & Co., Inc., Dept. 5 -K3 
4300 W. 62nd St., Indianapolis 6, Indiana 

Send FREE Photofact Cumulative Index 
Send full information on Easy -Buy Plan 
Enter my Photofact Standing Order Subscription 

My Distributor is 

Shop Name 

Attn 

Address 

City Zone State 
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hallicrafters gives you 
the basic superior performance 

you need for just $159.95... 
All the gadgets ever invented wouldn't improve the tremendous basic performance and 

reliability of the CB -3A. You get 8-channel, crystal controlled convenience ...1009 

modulation capability ... 40 db. min. adjacent channel rejection ... less than 1 pv. 

sensitivity ... 6 kc. selectivity ...removable accessory panels and built -in accessory 

jack -plus a reliability record unequalled in the field. 

o 

CITItEMS 

CB-3A 
eight -channel, dual conversio.-i 

basic transmitter /receiver 

r, GX .. I 7 . 

...and lets you decide 
which extras you want 

HA -9 S -Meter Kit. Illuminated. 
Complete hardware; installs in min. 
utes in removable CB -3A front 
panel. Universal. $8.95. 

HA -11 Noise Eliminator. "Racket 
Buster" deluxe. Mounts completely 
hidden on back of CB -3A; front 
panel thumb control. $15.95. 

HA -3 Noise Suppression Kit. Pass HA -12 Encoder /Decoder. Full 
condensors.ground braid, etc. Mini- duplex selective calling system. No 

mizeelectricalsystem noise .$13.48. tubes or transistors. Single switch 

SP -3 spark plug suppressor, $2.95. operation. 579.95. HA-12A Encoder 
only, 54495. 

the new ideas in communications 

are born at ... 
liaffi craers 

5th and Kostner Avenues Chicago 24. Illinois 

Overseas Sales: International Division, Hallicrafters Canada: Gould Sales Co., Montres., P.Q. 
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EARN Engineering DEGREE 
You Can earn an A.S.E.E. degree at home. College 
level HOME HME STUDY courses taught so you can under- 
stand there. Continu you education. earn more in 
the highly pale electronics industry-. Missiles, com- 
puters. transistors. automaton. crunplete electronics. 
Over .:,llt) graduates employed. Re =ident 
school available at our Chicago ca opus- Founded 

I 'Cl I. Semi for free catalog. 
American Institute of Engineering & Technology 
1141 West Fullerton Parkway, Chicago 14, III. 

I 

NEVER FAIL 

ZONE 

YOUR MAIL 

The Post Office has divided 106 

cities into postal delivery zones 

to speed mail delivery. Be sure 

to include zone number when 

writing to these cites; be sure 
to include your zone number in 
your return address -after the 

city, before the state. 

Converts home or car radios to re- 
ceive Fire. Police. Aircraft. CB. SW, 
etc. Excellent sensitivity on High';Y 
t, Low Bands. High Band type ad- 
iusts to bracket 150 -160 MC Low 
Band type should be ordered for 
33 -47 MC. 40 -52 NIC. 26 -30 MC. 
9 -12 MC. etc. Adaptable for tran- 
sistorized car radios. 

315 -B 115160 MC 
$17.95 

Order today or senrz for free catalog on full line 
cf converters and receivers for every application. 

KUHN ELECTRONICS 
CINCINNATI 17, OHIO 

Transistors for Hi -Fi 
( Continued from page 40) 

has to be made for installation of the am- 
plifier in relatively high ambient temper - 
ature which might exist in a cabinet 
where other equipment is also dissipat- 
ing power. Large, finned heat sinks are 
the best solution to such a problem. 

Transistors will not last forever. Re- 
ports in engineering journals show var- 
ious causes of transistor degradation 
with transistor life estimated to be thou- 
sands to ten thousands of hours of opera- 
tion. Contamination or impurities in 
manufacture have been cited as causes, 
sometimes aggravated by repeated heat- 
ing and cooling. Soldering to transistors, 
if not properly done, can cause failure. 
For this reason, the use of sockets is rec- 
ommended. Military equipment uses 
sockets unless a whole subassembly is 
made for depot or factory service instead 
of field maintenance. In case of equip- 
ment trouble, a whole subassembly is 
customarily replaced. However, such 
procedure would not be good economics 
for consumer equipment. 

Circuit sections must be separated for 
minimum electrical and thermal interac- 
tion. The use of full- sized, rather than 
undersized, components for proper elec- 
trical operation ( such as adequate volt- 
age and temperature ratings on capaci- 
tors) requires more room. Such conserva- 
tive ratings should apply to all compo- 
nents. 

The photos show views of such an 
amplifier. The output transistors are 
mounted on large finned heat sinks at the 
back of the unit where maximum air cir- 
culation provides adequate cooling even 
when the amplifier is installed in an ac- 
cessory case or furniture. The driver and 
regulator transistors are bolted directly 
to the heavy -gauge chassis. This provides 
adequate cooling of these transistors 
which are operated below their dissipa- 
tion ratings. All low -level transistors are 
mounted on military -grade printed -cir- 
cuit board, with their sockets located 
near the controls for minimum interac- 
tion due to wiring. 

The frequency response and the dis- 
tortion characteristics typical of this 
amplifier were shown in Part 1 (Fig. 4 
and the curve of the well -designed tran- 
sistor amplifier in Fig. 2). The power 
output at the "difficult" high audio fre- 
quencies is far in excess of the amount 
needed for high -quality listening and is 

available with very low distortion. 
Transistor amplifiers can be designed 

to provide performance worthy of the 
name "high fidelity." Low distortion at 
all operating levels, full power output 
throughout the audio spectrum for all 
standard low impedances with the same 
overload capabilities for all, low hum and 
noise, high flexibility, safety of operation, 
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and reliability have been achieved. Un- 
fortunately, the cost of semiconductors 
and other components results in a higher 
price for transistor equipment than for a 

tube amplifier of similar rating. However. 
since the available audible music power 
of the transistor amplifier with normal 
loudspeaker loads is considerably higher, 
such an amplifier represents a good in- 
vestment of the hi -fi dollar. 

CCTV Camera 
(Continued from page 43) 

concerning temperature stability of the 
circuits. It is possible, however, to design 
very stable all -transistor cameras which 
will operate over a large range of tem- 
perature variations. There are some such 
cameras on the market which have per- 
formed successfully for years. The almost 
non -existent aging characteristics of 
transistors make an all- transistor camera 
very desirable if one considers that the 
circuits, if properly designed, will op- 
erate for years without re- adjustment. 
Other obvious advantages of transistor - 
ization are smaller size and lower power 
consumption. An all- vacuum -tube cam- 
era can, theoretically, operate over a 
wider range of temperatures than a tran- 
sistor unit. It does, however, require the 
usual maintenance and re- adjustment 
that any vacuum -tube equipment needs. 

Appendix 
Light meters are available which will 

read light directly in footcandles. Most 
ordinary photographic light meters are 
not so equipped. The following proce- 
dure will allow you to read the number 
of footcandles available on a given scene 
with a photographic light meter: 

I. Set light meter film speed to ASA 
100. 

2. Read scene illumination (incident 
or reflected) . 

:3. Read appropriate shutter speed 
for an f -stop of f -5.6. 

4. Convert to footcandles by using 
the formula: footcandles (incident or 
reflected)= .25 / shutter speed. 
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"We fed everything into it. It classified 
the material 'top secret' ... and now it 

won't tell us a thing!" 

October, 1963 

HAS THE RIGHT 
MIKE FOR YOUR NEEDS 

the 
A S TAT I C 

CERAMIC OR DYNAMIC 

MOBILE 
MICROPHONES 

DESIGNED FOR THE 
CITIZEN OR HAM 

ON THE MOVE 

ASTATIC MODEL 511 CERAMIC 
and 513H DYNAMIC were hu- 
man engineered to give flexi- 
bility of operation. SWITCH 
MAY BE OPERATED WITH 
EITHER HAND. When it comes 
to mounting to equipment or 
instrument panel, ASTATIC HAS 
THE ULTIMATE IN MOUNTING 
BRACKETS. Microphone may 
be mounted in ANY position. 
SNAP -IN action even allows 
mounting in INVERTED posi- 
tions. These light weight mi- 
crophones with greater talk 
power and rising response 
characteristic also make IDEAL 
SSB MIKES for IMPROVED 
CLARITY OF SPEECH. 

Ask your distributor for com- 
plete literature or write us 
today. 

AST TIC ASTATIC CORPORATION 
In Canada: Canadian Astetic Ltd., Toronto, Ontario 

Export Sales: Roburn Agencies. Inc., 431 Greenwich Street, New York 13. N. Y.. U.S -A. 

CIRCLE NO. 105 ON READER SERVICE PAGE 

ERRELL KITS 
HAS THIS AMPLIFIER 

SA 40 
WILLIAMSON 
TYPE 
20- 20,000 cps 
magnetic 
inputs 

$4995 

4OWATT STEREO AMPLIFIER W /PREAMPS 

Complete line from $ 19.95. s i higher W. of Rockies 

Detailed Instructions, Diagrams. Covers extra. 

MERRELL KITS, 519.W Hendrix St., Brooklyn 7, N. Y. 

Canada Goldstein Ag's, Montreal 

an name -brand hi -fi /stereo equip- 
wen:. Giant NEW FULL -COLOR 
CATALOG loaded with everything for 
)ur listening pleasure. 

Write today for yc. copy of this information packed catalog 
that lists all the Famous name-brands - componen s, sys- 

tems, speakers. :mets. amplifiers, kits, FM-AM. ohonos. 
tape recorders ani thel.sands of other electronic items. IFA 
-one of America's largest hi'fi /stereo electronic discount 
stores offers 20%o -30% off list on new, factory -fresh name - 
brands-as much as 75% off on excellent used, closeouts, 
specials, etc. Biggest trade -in allowances, too. Ask for 
quotation. f 
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17640 BURBANK BLVD., ENCINO, CALIFORNIA 
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FREE 

Your 1964 

copy is 
waiting 

f For fun and pride in assembly, fir long years of pleasure 
and performance, for new adventures in creative electronics 

mail the coupon below and get Conar's new 1964 catalog of quality do- 
it- yourself and assembled kits and equipment. Read about items from 
TV set kits to transistor radios ... from VTVM's to scopes ... from 
tube testers to tools. And every item in the Conar catalog is backed by a 
no- nonsense, no- loopholes money back guarantee! See for yourself why 
Conar, a division of National Radio 
Institute, t just about the 

kit growing entry in the quality kit and 
equipment business. 

.R11aMAIL THIS COUPON NOWRR UU 
I I 

Address 

City Zone State 
111 

I 
Please send me your 1964 catalog. 

Name 

CO AR 3939 Wisconsin Ave., Washington 16, D.C. 1tis^C 

HI -FI BUYERS! 
Want to 

Save yourself 
a sack of 
money? 

SEND US YOUR LIST OF 
COMPONENTS FOR AN 

UNBELIEVABLE QUOTATION 
THAT CAN NOT & WILL NOT 

BE BEAT. WRITE TODAY! 

Send for our discount catalog, too. 

KEY ELECTRONICS CO., INC. 
518 E. 95 St., B'klyn 12, N.Y. 

Phone: Dickens 6 -4191 

CIRCLE NO. 132 ON READER SERVICE PAGE 
66 

FREE Catalog 
OF THE WORLD'S FINEST 

GOV'T. SURPLUS 
ELECTRONIC BARGAINS 

TRANSFORMERS: 
6.6 VOLTS -HIGH AMPS 

ALL PRIMARIES: 115 V / 120 V / 125 V / 
132 V -60 Cycle: 

SEC.: 6.6 
Size: 5x 4 xt6 " -Wt.: 24 lbs. .... $6.95 

SEC.: 6.6 Volts 25 Amp. 
$4.95 Size: 41 x 6 x 4 " -Wt.: 17 lbs... . 

SEC.: 6.6 Volts 18 Amp. 
$3 95 Size: 41/2 x 51/4 x 4 " -Wt.: 12 lbs... 

SEC.: 6.6 Volts 10 Amp. $2 95 Size: 4 x 31/4 x 4 " -Wt.: 9 lbs. 
SEC: 2/6.6 Volts 10 /1 Amp. $3.25 Size: 5 x 4 x 31/2" -Wt.: 10 lbs.. . 

SEC.: 2/6.6 Volts 2.5/1 Amp. 
$1 50 Size: 23/4 x 23/4 x 21 /2 " -Wt.: 4 lbs 

SEC.: 6.6 Volts 2.7 Amp. $ 125 Size: 23/4x 33/4 x 21 /2 " -Wt.: 31/2 lbs. 

SHURE MICROPHONE 1/2 PRICE 
TEN FOUR MODEL CR4M 

150 -250 Ohms 50 DB Controlled 
Reluctance Microphone with high 
impact "ARMO -DUR" case, as de- 
signed for the Armed Services. 
Response 200 -8000 CPS., Semi - 
Directional. Ideal for mobile use. 
Complete with coiled cord, four 
prong plug, push to talk SW, and 
hanger. Shpg. Wt.: 2 lbs. Regu- 
lar Net Price: $19.20 

OUR PRICE:: $960 
PARABOLIC ANTENNA & MICROWAVE REFLEC- 
TORS-As previously advertised are still avail- 
able. Write -tell us your needs -ask for catalog! 

Address Dept. EW Prices F.O.B., Lima. O. 
25% Deposit on C.O.D.'s Minimum Order $5.00 

SEND FOR BIG FREE CATALOG! 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 
CIRCLE NO. 121 ON READER SERVICE PAGE, 

DIODES REGULATE 

POWER SUPPLY 
By ROBERT K. RE 

REGULATION and protection of low - 
voltage power supplies is somewhat 

hampered by lack of suitable low -volt- 
age components operating below 2.3 v. 

By using ordinary diodes having fairly 
sharp characteristic curves (Fig. 1A), 
and connected as shown in Fig. 1B, low - 
voltage supplies can be regulated and 
protected at a nominal cost. 

Under normal conditions, the diodes 
conduct a small amount of current and 
act like the commonly -used pre -load or 
bleeder resistors that both improve the 
regulation and discharge the filter ca- 
pacitors when the power is removed. 
Whenever the output voltage tends to 
rise, the diodes conduct heavily and 
keep the voltage from rising excessively. 
In this case they are acting like an over - 
voltage protection circuit. Unlike other 
over -voltage circuits, the diodes quickly 
resume their normal conduction as soon 
as the over -voltage disappears. 

Conversely, a drop in output voltage 

i 

OVER -VOLTAGE 
CURRENT 

NORMAL 
CURRENT 

C . 

D.C. 
SUPPLY LOAD 

(A) (8) 
Fig. 1. A typical diode characteristic 
curve (A). Method of connecting into a 
low- voltage supply for regulation (B). 

reduces the current flow through the 
diodes, thus again they assist regulation. 
In both cases, the diodes act like a shunt 
regulator. Their low impedance helps 
lower the output impedance of the sup- 
ply and in this way, act like filter capaci- 
tors. Because diodes conducting in their 
forward direction are fast acting, tran- 
sients are quickly suppressed. 

As an example -suppose you wanted 
to regulate 1.0 volt. A single germanium 
or silicon diode will not work as either 
will be highly conducting at this voltage. 
Two silicon diodes at 1 v. will not con- 
duct too much current but at about 
1.4 v., they will slip into heavy conduc- 
tion. For closer control, a germanium 
and a silicon diode would do the job. 

For normal circuit voltages, choose 
the diode types and quantity such that 
about 10% of the total load current flows 
through the diodes. Last, the power rat- 
ing of each diode used should be con- 
sidered. It must be able to dissipate the 
peak power occasionally expected. 
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NEW! A tape reel that threads itself! 
(even in the dark!) 

Just lay recording tape inside this new reel and start your 
recorder. This exclusive new SCOTCH® BRAND Self- Threading 
Reel holds tape firmly, but gently, as recorder starts -actually 
threads up automatically. No hooks, no slots, no attachments 
-no tape fumbles. This reel does away with thread -up prob- 
lems. (You wouldn't really need the light of a match to use it !) 

Now, this reel is offered as a take -up reel for only 39e in a 
special offer from the granddaddy of all tape- makers, 3M. 

New reel threads up with all tape thicknesses or with leader 
tape. Tape rewinds off reel freely and easily. Solid sides pro- 
tect tape against dust and damage. Reel comes complete with 

Lay in tape ... start recorder ... watch reel thread itself! 

October, 1963 CIRCLE NO. 137 ON 

write -on labels and snap -tight plastic collar that seals reel 
edges against dust, makes reel self -storing without a box. 

SPECIAL OFFER SAVES $1.11! Now, you can have one 
of these new "ScarcH" Self- Threading reels ($1.50 value) as a 
take -up reel for only 390 with the purchase of three regular 7" 
reels of a wide variety of "SCOTCH" BRAND Recording Tape. 
Ask your dealer for the special package, shown below. And 
for an expandable, gold- plated tape rack ($4.95 value) that 
holds up to 40 reels, send the tabs from three "ScoTCH" 
Recording Tapes, together with $2.50, to 3M Magnetic Prod- 
ucts Division, Dept. MDU -103, St. Paul 19, Minn. 

Magnetic 
Products 
Division COMPANY 

,COTCH" AND THE PLAtO DESIGN A.E REGISTERED 
TRADEMARKS OF MINNESOTA MINING & MANUFACIURING 

PARK AVE., NEW 

YORK. CANADA: LONDON. ONTARIO 01963, M CO. 
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Increase your earning power 

equip yourself 
to handle 

Nuclear Applications 
of Electronics 

CREI can help you 

move into this new field 

Industrial use of nuclear energy is 

creating new careers, rcgnt in your own 
field cf electronics. Men are needed to 
design, build, operate and maintain 
electronic instrumentation for practical 
application of nuclear energy. You can 
earn more money -with your present 
employer or with anothe- company -if 
you supplement your electronics ex- 
perience with specialized knowledge of 
the nuclear field. 

OUR FREE BOOK tells you how you 
can do it -in your spare time -through 
CRE1's unique Home Study Program 
in Nuclear Engineering Technology. 

coupon or write: 

CREI. Dept. 1110-Al 
3224 Sixteenth St., N.W. 
Washington 10, D. C. 

FREE BOOK 

ËLËCTRONICS 

TM 

CREI 
CREI ATOMICS 
A Division of The Capitol Radio 
Engineering Institute, Dept. 
1110 -Al , 3224 Sixteenth St., 
N. W., Washington 10, D. C. 

Please send me FREE BOOK describing the CREI Home 
Study Program in Nuclear Engineering Technology. I 

have a lechnica background and a high school education. 

Name Age 

Address 

City Zone State 
A -62 

NM 
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RADIO 

TV NEWS 

THE country's TV set manufacturers 
are starting to step up the tempo of 

their changeover to full production of 
all -channel TV receivers although the 
effective date of the all- channel law isn't 
until April 30, 1964. 

The EIA Consumer Products Division 
claims that 20% of black- and -white sets 
produced this year will be all -channel 
equipped. As of the end of June, the rate 
of all- channel set production was 11.5% 
of all black- and -white sets, up 9.2% from 
1962. 

However, all is not roses either. There 
is a chicken- and -egg relationship be- 
tween broadcasters and set owners and 
the industry is depending heavily on the 
FCC as well as the broadcasting indus- 
try, to help make the all -channel law 
produce the expected expansion of TV. 

Unless considerable numbers of new 
u.h.f. stations are established within the 
next few years, many purchasers of all - 
channel sets will be paying for a number 
of TV channels which they may never 
have the opportunity to use. These, as 
well as a number of other all -channel TV 
set customers, may start to complain 
about increased prices of sets as a result 
of the all -channel law. 

According to Morris Sobin, president 
of Olympic Radio and TV and chairman 
of the EIA Consumer Products Division, 
one action that Congress might take to 
offset the expected price increase is to 
eliminate the 10% manufacturers Federal 
excise tax on TV sets equipped with all - 
channel tuners. 

Removal of the tax would assist in re- 
ducing the retail price of all -channel sets 
to about the same level as present v.h.f.- 
only sets. The viewer who lives in an 
area where there is no u.h.f. would not 
feel that he is being penalized the extra 
cost for the additional u.h.f. channels. 

Pay U.H.F.? 
In a recent speech, Gerald A. Bartell, 

president of Macfadden Teleglobe 
Corp., the company planning to bring 
pay -TV to Denver, Colorado late this 
summer stated "... pay television will 
eventually offer a wide variety of enter- 
tainment to a potential audience of more 
than 15 million TV homes, representing 

more than 50 million people." He con- 
tinued, "A fully developed pay -TV sys- 
tem would enable a motion picture like 
`Cleopatra,' costing an estimated 40 mil- 
lion dollars to pay all its obligations and 
come out with a profit after a single run 
on pay -TV." 

Towards the latter part of his speech, 
Bartell also said, "With almost 1500 
u.h.f. channels in the U.S. lying fallow, 
the FCC has indicated its interest in al- 
locating certain of these channels to pay - 
TV across the country. Now, it's up to 
Denver and Hartford. If pay -TV suc- 
ceeds in those markets, the FCC will, in 
all likelihood, open pay -TV to the entire 
country." 

Teeny TV 
The pendulum is starting to swing 

again. Not too many years ago, TV sets 
were of the 10 -inch or less variety. As 
public interest grew, picture tube size 
grew. In fact, the picture size grew right 
out of the cathode -ray tube and a num- 
ber of home projection sets carne into 
existence. Large and cumbersome, like 
the dinosaur, they mysteriously vanished 
from the scene. 

At present, we are in the realm of the 
23 -inch screen. Over the past year or so, 
there appeared signs that the pendulum 
is about to start swinging again when 
several TV sets having screens 11 inches 
or less (some going down to 5 inches) 
made their appearance. 

The latest entry into the small -set race 
is from the Realtone stable. They are 
planning to introduce a 9 -inch set at ap- 
proximately $79.95 that will be retailed 
through supermarkets some time in the 
spring of 1964. Also on the drawing 
board is a 6 -inch, transistorized, all - 
channel (including u.h.f.) portable that 
they want to pass on to the customer at 
8150 or less. This set will also hit the 
stores in the spring. 

A spokesman for the company fore- 
sees that lightweight portables may fol- 
low the same pattern as transistor radios 
and the introduction of these sets at pro- 
motional prices will make them person- 
alized items for every member of the 
family, with a sales potential of 15 to 20 
million units per year. 
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ACTUAL SIZE 

uniformity... 
another proven benefit of the RCA nuvistor 

Nuvistor circuits are virtually free of replacement mismatch problems. 

Because nuvistors seldom require replacement. Findings from over 

1,600,000 hours of actual life tests of RCA -7586 nuvistor triodes have 

established a failure rate of only 0.47% or less per 1000 hours -for 
the first 10,000 hours of operation -at a confidence level of 95 %. 

Because the nuvistor you use will match the performance character- 
istics of the one it replaces. In addition, extended life tests also prove 
nuvistor characteristics are exceptionally stable throughout life. Note 

the tight range of transconductance values fcr each tube listed at right. 
Most important to you is the fact that no nuvistor tested either ex- 

ceeded or fell below its initial specified gm range values during the 
first 2,000 hours of tests. 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J. 

NUVISTORS FOR DESIGN OR REPLACEMENT APPLICATIONS 
IN INDUSTRIAL, COMMERCIAL OR MILITARY SERVICE 

Type No. Description 

Transconductance 
Range Values* 

(micromhos) 
Max. Min. 

RCA -7586 general- purpose medium -mu 
industrial triode 13,000 10,000 

RCA -7895 general- purpose high -mu 
industrial triode (mu 64) 

10,900 7,900 

RCA -7587 ** general- purpose sharp- 
cutoff industrial tetrode 12,200 9,000 

RCA -8056 

medium -mu triode for low 
voltage power supply and 
small -signal amplifier 
applications up to 350 Mc. 

8,000 6,000 

RCA -80`_8 

double -ended high -mu 
triode for cathode -drive 
amplifier service up to 
1200 Mc. 

14,800 10,000 

with 6.3 volts ac or dc on heater **tetrode, dc grid 42 volts = 50 

The Most Trusted Name in Electronics 

AVAILABLE THROUGH YOUR AUTHORIZED RCA INDUSTRIAL TUBE DISTRIBUTOR 
FOR NAME AND ADDRESS OF YOUR LOCAL DISTRIBUTOR WRITE OR CALL YOUR NEAREST RCA DISTRIBUTOR PRODUCTS SALES OFFICE -NEW YORK, N. Y.: 36 W. 

49th St., MUrray Hill 9 -7200; NEEDHAM HEIGHTS 94, MASS.: 80 "A" St., Hillcrest 4 -8480; WASHINGTON 6, D. C.: 1725 "K" St., S.W., FEderal 7 -8500; ATLANTA, 
GA.: 134 Peachtree St., N.W., JAckson 4 -7703; CLEVELAND, OHIO: 1621 Euclid Ave., CHerry 1 -3450; CHICAGO, ILL.: Merchandise Mart, 467 -5900; DALLAS 7, TEXAS: 
7901 Carpenter Freeway, MElrose 1 -3050; KANSAS CITY 14, MO.: 7711 State Line, EMerson 1 -6462; LOS ANGELES 22, CAL.: 6801 E. Washington Blvd., RAymond 3 -8361. 



TEST 
EQUIPMENT 
PRODUCT REPORT 

Iß (8 (9))( X91'. 3 
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GC Electronics 36 -616 CRT Tester & Rejuvenator 
For copy of manufacturer's brochure, circle No. 58 on coupon (page 15). 

AUSEFUL piece of test equipment 
for the TV service technician is a 

unit that will check color and black -and- 
white picture tubes and, if such tubes 
are defective, attempt to rejuvenate 
them. The new GC Electronics Model 
36 -616 is just such a unit. The arrange- 
ment of controls, the common -sense se- 
quence of the function- selector switch, 
and the use of a number of indicator 
lights and meter on the front panel re- 
sults in an extremely easy -to- operate 
tester. The instrument not only checks 
and rejuvenates CRT's with the usual 
6.3 -v. heaters but also 2.5 and 8.4 -v. 
types as well. On color tubes, each gun 
is checked separately. 

As a tube checker, the Model 36 -616 
tests for continuity between the base 
pins and the elements within the tube, 
for heater continuity, and for shorts and 

leakage between the picture -tube ele- 
ments. If there is no leakage, the tube 
is then checked for emission between 
cathode and second anode. If the meter 
reads in the "Good" area, over 250 µa. 
of current is flowing and the tube is 
considered to be satisfactory. Next, a 
grid -bias test is made by observing the 
amount of voltage required to cut off 
the beam. Then, a life test is performed 
in which the heater voltage is switched 
off and the time required for the emis- 
sion to fall to zero is measured. 

If the picture tube being checked 
shows low emission or interelement 
leakage, the rejuvenate feature of the 
instrument is used. It should be under- 
stood that any rejuvenation technique 
carries with it certain risks. This is true 
since elevated voltages are temporarily 
applied to the picture -tube elements. If 
the tube is not in a useful condition, 
however, then certainly nothing is lost 
by the rejuvenation attempt. This same 
situation applies to all CRT rejuvenators. 

This particular instrument uses two 
methods of attempting to restore emis- 
sion. In one the tube's heater voltage 
is raised by 40 percent (in one position 
of the function switch) or by 80 percent 
(in another position of the switch) . The 
second technique is to apply a high -volt- 
age d.c. pulse between the grid and 
cathode. 

By applying elevated heater voltage 
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to the CRT for perhaps 10 to 30 minutes, 
it is often possible to cause some active 
material in the cathode to move toward 
the surface and restore emission. If this 
method does not show results, it is time 
to press the red push- button marked 
"Rejuvenate." Now a high- voltage pulse 
is applied that should result in high 
momentary emission current that may 
decontaminate the cathode surface and 
restore emission to normal. While using 
either of the techniques just described, 
it is well to recheck the condition of the 
tube to see what is happening. 

The instrument comes with a combi- 
nation cable which permits testing of 
any black- and -white or color picture 
tube on the market today. The cable and 
sockets are stored in a compartment in 
the unit's convenient carrying case. 
Price is $69.95. 

Sentore CA122 
Color -Circuit Analyzer 

For copy of manufacturer's brochure, 
circle No. 59 on coupon (page 15). 

ONE of the required pieces of test 
equipment for servicing and adjust- 

ing the circuits in a color -TV receiver 
is some sort of color -pattern generator. 
There are three main types of such gen- 
erators; they are (1) the NTSC type, 
( 2) the continuous -rainbow type, and 
(3) the gated- rainbow type. The NTSC 
generator provides fully saturated color - 
bar signals along with the brightness 
pedestals required. Such generators are 
quite elaborate, fairly expensive ( around 
$500 -$600 or more), and, according to 
RCA color -TV service data, "are not re- 
quired and not used in any service ad- 
justment procedures in color receivers." 
These generators would be useful in 
laboratory or color- receiver develop- 
ment and design work. For general serv- 
ice use, the somewhat simpler, less ex- 
pensive rainbow types are common. 

Both the rainbow types mentioned 
above usually employ the "offset -sub- 
carrier" principle. Here a subcarrier sig- 
nal, frequently crystal -controlled, is pro- 
duced by the generator. This is offset 
15,750 cps below the normal frequency 
of the 3.58 -mc. subcarrier oscillator 
used in the color -TV set. When the two 
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signals are mixed in the receiver, a dif- 
ference frequency is produced in which 
there is a one cycle beat note for each 
complete horizontal scanning period. 
Therefore, there is a constant change in 
the relative phase of the two signals, 
from 0° to 360 °, during every horizontal 
scanning line of the picture. This phase 
change produces a rainbow of color as 
the electron beam sweeps across the 
color picture tube. In the continuous - 
rainbow generator, this entire sweep of 
gradually changing color is displayed. 
In the gated type, the rainbow display 
is turned on and off by means of a 
square wave so that a series of well -de- 
fined bars is produced. When this is 
done, it is easy to pinpoint specific color 
signals and adjust the color -TV circuits. 

This latter type of generator, of 
which the new Sencore Model CA122 is 
an example, can be used for checking 
and adjusting any type of color receiver. 
Adjustments can be made in the user's 
home without an oscilloscope, or in the 
service shop with the aid of a scope. 
The instrument is extremely versatile 
and the large number of test signals that 
it generates permits a set to be checked 
all the way from the antenna terminals 
to the tri -color picture tube. 

There are six test -pattern signals pro- 
duced by the analyzer. A replica of each 
one of these appears in a small window 
beside the pattern -adjust switch. First, 
there are ten standard color bars. These 
are crystal -controlled gated bars of the 
RCA type with a 30- degree phase 
change between them. Second is a 
shading -bar pattern in which the color is 
removed and the bars change brightness 
level from black through gray to white. 
This pattern is useful in making color- 

temperature adjustments. Third and 
fourth are patterns consisting of white 
horizontal lines alone and white vertical 
lines alone. Fifth and sixth are cross- 
hatch and dot patterns. These last four 
patterns are used to make height, width, 
and linearity adjustments on both mono- 
chrome and color sets. On the color sets 
they permit adjustments to be made of 
static and dynamic convergence and 
color purity. The later check is facili- 
tated by the three color -gun interrupter 
switches built into the generator. 

All video signals are available either 
directly or they may be used to modu- 
late a built -in two -band r.f. generator. 
One of these bands is from 50 to 90 mc. 
so that signals can be injected on TV 
channels 2 through 6. The other band is 

from 20 to 50 mc. for signal injection in 
the i.f. range. A 4 -step fixed attenuator 
may be switched to provide 2000 ¡iv. for 
the front end, 1000 Av. of i.f. signal for 
the first i.f. stage, 10,000 Av. for the 
second, and 100,000 Av. for the third i.f. 

Sync stages can be checked by using 
the horizontal and vertical sync signals 
generated by the unit. These signals, 
like the video signals, are adjustable 
over a large amplitude range and with 
either positive or negative polarity. 
The audio i.f. stages can be checked by 
a crystal -controlled 4.5 -mc. signal while 
the later audio stages can be checked 
with the 900 -cps audio signal provided. 

Enhancing the convenience and port- 
ability of the unit is the use of a large 
carrying handle, the fairly light weight 
(15 lbs.) , and the fact that all the leads 
can be stored inside two large compart- 
ments in the rear of the instrument. The 
color -circuit analyzer is available at dis- 
tributors for 5157.50. 

Ballantine Model 314A Video V.T.V.M. 
For copy of manufacturer's brochure 

BALLANTINE famous for its vac- 
uum -tube voltmeters for 25 years, 

has added Model 314A to its line of 
meters. This instrument is said to be the 
most sensitive of any wide -band volt- 
meter available here or abroad. It is an 
improved version of the Model 314, 
which has been popular for 7 years. 

INPUT 

SI- RANGE SELECTOR 

INPUT MIDSECTION 
ATTENUATOR , ATTENUATOR 

115 / 230 V. 

50-400[Ds 

I 
INPUT 

" 6AK5, 
AMPLIFIER 

6EJ7, 6EJ7 
0/40/60/80DB 0/2008 

CAL 
AD,1 

circle No. 60 on coupon (page 15). 

The 314A measures voltages down to 
30 microvolts (in "Null Detector" mode) 
and up to 1000 volts with its 10 -meg 
probe, at frequencies from 10 cps to 
6 mc. Hence, it has been termed a "video 
voltmeter." The 3 -db bandwidth is 2 cps 
to 10 mc. Basic accuracy is 2% of the 
actual reading at any point on the scale 

FUNCTION 
SWITCH 

S2 
METER 

*NULL 
o 

OUTPUT 
AMPLIFIER 

6AK5, 6EJ7, 6EJ7 

POWER 
SLO- BLO 
4/.2 A 

SWITCH 

REGULATED 
POWER SUPPLY 

(2) IN1692 

(2) BY100 

0A2,0A2 

-+260 V 

! 50 V 
+150V 

6.3 V - 6.3V 

AMP. 

METER RECTIFIER 

S53G 

S53G 

DOWN 
SCALE 

ADJ. 

AMPL. 
OUTPUT 

captured by Concord 

THE 
INTERGALACTIC 

FORMULA 
FOR 

AUDIOSONIC 
CALCULATION 

4 
3 
2 
1 

track stereo record 
and playback 
speeds: 

3%,17. 
separated 6 " speakers 
2 dynamic microphones 

low price 

i0good reasons why 
you should own a 

Concord 550 priced under $320 

Concord 550's transistorized operation 
assures greatest reliability with free- 
dom from noise, heat and hum. Other 
features include exclusive "Trans -A- 
Track" operation for education and 
fun, push button controls, sound -on- 
sound and 2 N'U meters. Operates thru 
amplifiers and speakers of high fidelity 
system or completely self -contained. 
550 D tape deck version available, 
less than $230. Prices slightly higher in Canada. 

TRANSISTORIZED 
CONCORD 550 
MAIL, COUPON TO 

CONCORD ® ELECTRONICS CORPORATION 

DEPT. 24 SUP N. CAHUENGA BLVD., LOS ANGELES 3S, CALIF. 

for Concord's free booklet "All The Facts" and the 
Cull story on the 550. 

ANIE 

ADDRESS 

CITY STATE 

IN CANADA /REGAL INDUSTRIES LTD., MONTREAL 
CHAMPAGNE ENTERPRISES LTD.. TORONTO 
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Wherever you use a screwdriver 

QWCKWEDG 
SCREW-HOLDING SCREWDRIVER 

does the job faster and easier! 

BECAUSE a Quick - Wedge ° Screw - Holding 
Screwdriver holds, starts and drives the screw 
... straight, every screwdriving job is easier ... 
goes faster. No longer will you waste time fumb- 
ling with the screw . Thus if your screw - 
driving job is overhead, below ground 
level, or even in hard -to- get -at places 
you simply affix the screw .. . 

place it in the desired spot ... 
drive it in ... release the screw- 
driver and the job is don 
Prove it yourself. Use a 
Quick- Wedge* once 
and you'll never be 
without one. They're uncondi- 
tionally guaranteed' Ask your 
dealer or write for our catalog today! 

KEDMAN COMPANY 
233 So. 5th West, P. 0. Box 261. SALT LAKE CITY, UTAH $4110 

CIRCLE NO. 131 ON READER SERVICE PAGE 

TRANSISTOR 
IGNITION 

READY -TO- INSTALL CONVERSIONS 

YOU can get TOP MILEAGE, HIGHEST PERFORM- 
ANCE, LONGER POINT & PLUG LIFE, BETTER WIN- 
TER STARTING, and MANY OTHER ADVANTAGES with 
one of our INEXPENSIVE TRANSFIRE systems. 
These include HERMETICALLY- SEALED AMPLIFIER, 
HIGH -RATIO COIL, BALLASTS, Leads & hardware. 

MODEL T 6 or 12v. neg. grd. $39.95 
MODEL T2 TWO TRANSISTORS, 

250:1 coil $44.95 
MODEL TP 6 or 12v. pos. grd. direct 

installation wo. insulating points $54.95 
MODEL TS Special, 40kv system $59.95 
MODEL TS2 TWO TRANSISTORS, 

400:1 coil $49.95 

TWO- TRANSISTOR KITS Everything needed to build 
conversion. Includes transistors, coil, ballasts, 
heat sink, decal, etc. 

KT2 with TX250 coil for 30kv output . $34.95 
KTS2 with T400 coil for 40kv output . $39.95 
KT1 one transistor with 400:1 coil . $27.95 

6 or 12v. Negative- ground only. Point insulation 
kit adapts to positive ground, $2.50 pp. 
1 oz. Epoxy potting plastic in mixing bag $1.95 pp. 

HIGH -RATIO IGNITION COILS with free circuit dia- 
gram. 

TX250 Heavy duty coil 250:1 ratio $ 9.95 
T400 HIGH EFFICIENCY 400:1 coil for 

HIGHER OUTPUT and /or LOWER 
TRANSISTOR VOLTAGE $11.95 

FULL LINE of PARTS at NET PRICES. 
Free lists. Marine models available. When ordering, 
specify voltage and car. Add postage for 4 lbs. on 
kits and cony's; 3 lbs. on coils. $5.00 deposit with 
COD's. Dealer & Distributor Opportunities. 
PALMER ELECTRONICS LABORATORIES Inc. 
CARLISLE 1, MASS. 617 -AL 6 -2626 

CIRCLE NO. 143 ON READER SERVICE PAGE 
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up to 2 mc. The error does not exceed 
5% of the actual reading up to 6 mc. The 
instrument responds to average values 
of input voltage and is calibrated in 
terms of r.m.s. values of a sine -wave 
voltage. 

The new meter has a 5 -inch voltage 
and db scale. Having only one voltage 
scale means less possibility of reading 
error and permits voltages to be read 
accurately and precisely over the entire 
scale. The movement of the needle is 
the same for a given change in voltage 
at the bottom as at full scale. It differs 
from a zero -reading linear meter in that 
in the latter the ability to distinguish 
small percentage differences becomes 
negligible near the bottom of the scale. 
The manufacturer's log scale indicating 
meters are all individually hand -cali- 
brated in order to obtain optimum 
accuracy. 

The design of the Model 314A in- 
cludes a large amount of feedback in 
the amplifier so that the guaranteed ac- 
curacy is maintained for more than 3000 

hours between calibrations or tube 
change. The diagram shows a simplified 
schematic of the unit. There are two 
wide -band attenuators, one at the input, 
and one between the two amplifiers. It 
is essential that the frequency response 
of the attenuators and amplifiers be flat 
and stable for long periods of time to a 
degree that is completely unnecessary 
in ordinary amplifiers. 

The instrument may also be used as 
a precision, wide -band 60 -db amplifier 
having an output from the receptacle 
on the front panel of 2 volts correspond- 
ing to full -scale reading on the meter. 
Its internal source impedance is about 
700 ohms. The frequency response is 
± 1 db from 10 cps to 6 mc. It has a low 
noise level at full gain, with the input 
open -circuited, of less than 25 micro- 
volts. 

Precision resistors ( available as sep- 
arate accessories ) having values from 
0.01 ohm in decade steps to 1000 ohms, 
may be plugged into the front of the 
v.t.v.m. when it is desired to measure 
current. Since I = E/R and R is unity, 
or a decade multiple, the voltage read- 
ing will be equal to the current, pro- 
vided the decimal is properly located. 
For example, if the one -ohm resistor is 
used and the reading is 100 Av., the 
current is 100 µa. If the resistor is 0.01 
ohm and the reading is 100 ,uv., the cur- 
rent is 1 µa. A high -voltage probe, which 
may be used to measure voltages to 
10,000 v.r.m.s. or 20,000 v. p -p is also 
available separately. It is calibrated to 
have an 80 -db attenuation; hence, a 
reading of 1 volt on the voltmeter would 
mean 10,000 volts input to the unit's 
probe. 

The Model 314A is currently available 
in portable or in relay -rack versions. The 
price of the portable unit, including the 
regular probe, is $300. 

THE CASE OF THE MISSING PULSES 
By AARON A. EDWARDS / Technical Research Laboratories 

FOR a particular purpose, a scope was 
set sop to have trace initiation by a 

pulsed signal with an unshuttered, mov- 
ing strip film camera furnishing a film 
record of the events displayed on the 
scope trace. For the problem at hand, the 
sweep duration chosen was 500 micro- 
seconds per centimeter, or a total sweep 
of 5000 microseconds for the 10- centi- 
meter trace. 

A very perplexing thing was revealed 
upon examination of the film record. Al- 
though it had been intended that every 
pulse should appear, it became apparent 
that a considerable number of pulses in 
the pulse train under study were missing. 
Even though the filet display indicated 
no spacing variations, the fact remained 
that as substantial number of pulses were 
being lost. A close inspection revealed 
that every third pulse was unaccounted 

CI 

for. With this fact as a clue, it was 
quickly deduced that the missing pulses 
were occurring during scope retrace time. 
No one had considered the pertinence of 
the relatively high amount of time con- 
sumed in the retrace. For this particular 
scope and sweep speed setting, the retrace 
time is 500 microseconds -about 10% 
of the actual trace time of the oscillo- 
scope. 

For the pulse period being analyzed 
(2670 microseconds), the third pulse is 
inevitably lost as it occurs during the re- 
trace time. During this period, the trace 
is blanked and is dead time insofar as the 
recording of any particular waveform is 
concerned. 

Such sources of error should be recog- 
nized during any quantitative analysis 
and calculation performed on the film 
strip thus obtained. 
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EW Lab Tested 
Cont tied from page 22) 

mum of smoothness and freedom from 
peaks and holes in the over -all acoustic 
frequency response of the stereo phones. 

The earpieces are made of a light, 
high- impact plastic. One of the most 
important characteristics of headphones, 
if they are to provide good bass re- 
sponse, is a tight seal around the ear. 
These phones have one of the best seals 
we have seen. The vinyl ear cushions are 
partially filled with a liquid and mold 
themselves firmly but gently around the 
ear. External sounds are almost totally 
excluded when the phones are worn. 
The shape of the cushions and the 
padded headband is such that the 
phones feel comfortable even after long 
periods of use. 

The rated frequency response of the 
phones is 30- 20,000 cps. We listened to 
the output of an audio oscillator to ob- 
tain a rough idea of their response and, 
within the limitations of our ears, they 
seemed to live up to their specifications. 
An audible 30 -cps tone could be heard. 
with remarkably little doubling, and the 
response was audibly smooth all the 
way up to 15,000 cps, which is very 
likely the upper limit of our hearing. 
The efficiency of the phones is appar- 
ently adjusted to match the output of a 
typical power amplifier and we found 
that a dual 30 -watt amplifier did not 
tend to overload the phones. Of course, 
even the least powerful amplifier is ade- 
quate to drive them properly. 

Listening to various programs from 
a stereo receiver showed that the phones 
have a full, nicely balanced sound which 
is subjectively very similar to that of 
good- quality speakers. High -frequency 
hiss seemed to be more audible than on 
speakers, an effect which we have no- 
ticed on almost any headphone with 
extended high -frequency response. The 
phones would seem to be an excellent 
choice for anyone wishing to enjoy the 
best listening quality via headphones. 

The price of the Koss "PRO -4" phones 
is S45.00. 

October, 1963 

IF IT'S ELECTRONIC, GET IT FROM GOODHEART! 
Add DIRECTION FINDER To Your Receiver 

Navy DU -1 gives TRUE 
BEARING in 3 seconds! No 
180 deg. ambiguity! Goes 
ahead of your receiver; takes 
200 -250 v., 16 ma and heater 
voltage from your receiver. 
2 12SK7's in tuned preamp 
and phasing circuit, 200 to 
1600 KC in 3 bands. In- 
structions tell how to modify 
to get Marine Band if de- 
sired. Only 7 lbs. net wt. 
11" loop, 41'2" azimuth 
scale. BRAND NEW, with 
plugs, mount, diagram, 
instruc- 
tions $29.95 

PWR SPLY FOR ART -13 & OTHER XMTRS: 
X20122. p'o TCM /TCU. input 115v 50/60 cy 1 ph 
Si amps. dc outputs 1300V, 350 ma. 500V, 425 ma. 
50v, 400 ma. Metered, w ckt -brkr controls, ready to 
use. BRAND NEW, Original box! Cost 
51000.00! 360 lbs fob Tacoma, Wn $79.50 

MODEL 15 TWO -WAY TELETYPEWRITER 
Send receive: communie. Characters. TG -7B removed 
from working 60 words'minute, packed in 69.50 Army chests. ecc., Complete; fob Stockton 

(TG -7B buyers only: Add $3.00 for the Manual.) 

MEASURE R TO 0.1%, E AND I TO 0.01% 
LEEDS & NORTHRUP VOLTAGE- DIVIDER BOX 

20K ohm Kelvin- Varley ckt, 3 -dial, plus handsome 
panel & knobs; 3d is 3" diameter Calibrated each 
.0001. Major Component of a $1055.00 test seO 2C- 
Curacy spec is 1 part in 10.000: de tO low AF. In- 
structions on theory & practical ckts tell how to 

easore R to 0.1 % with R standards included and I 

and E to 0.01% with ZERO current drawn. As high as 
350 v. as low as steps of 200 uv. 10 lbs $69 550 
fob Los Angeles. Only 'P 

GERTSCH "RatioTran" RT -7R BARGAIN! 
Divides voltages 50. 10,000 Cy with decade dials X.1, 
x.01. X.001, X.0001. X.00001 & finally an inter- 
isolating 

Ottide- 
slide-wi 

e. poke 6th 
)ddial.s $500 MIL mode!. 

book, mating plug. only 
n $119.50 

2 -METER RECEIVER & 2/6110 METER XMTR 

SCR -522 rcvr, xmtr. rack & 
case, exc. cond. 19 tubes 
include 832A's. 100.156 mc 
AM. Satisfaction grtd. Sold 
at less than the tube cost in 
surplus! Shpg wt SS lbs. 
FOB Bremerton, $14.95 Wash. only 
Add $3.00 for complete 
technical data group includ- 
ing original schematics & 
parts lists. I.F.. xtl formu- 
las. instruct. for AC pwr 
Sply for rcvr continuous 
tuning, for xmtr 2 -meter 
use. and for putting xmtr on 6 and 10 meters. 
AG Pwr for 
w all cords. 

SeCR 2 ! 

usBer. 
ad 

b 
n 

oA6A, . 49.50 

IMPEDANCE BRIDGES, LOW & HIGH FREQUENCY 
Navy = 60007: Measures C from 10 pf to 100 uf, 
IytiC leakage 0 -5 ma, insul. resist. to 2500 megs, 
P.F. to 50 %, resist. 1 ohm to 1 meg., xfrmr turns 
ratios .001 to 1000. Adjustable polarizing $37.50 
do to 550 V. Accuracy 5% 

wnt - 0 0 
5 0 

hA 
mpre, d 

L 
cC Bid $125.00 

Navy OCK has same ckts as General Radios $020.00 
No. 916AL. Tells series C & R in the Z Of antennas, 
resistors & inductors. Use your own signal generator 
with it. Freq, range is 25 kC to 5 mc. Reactance 
range: C, .016 to 152.800 ohms; L. .016 to 58,000 
ohms. Res. Range: 0.1 -311 ohms. Accuracy of re- 
actance is 1% or 5 Pf. Accuracy of resist. varies 
with freq. from 3 to 71;z% $150.00 Not $620.00 but Only 

Navy OH is similar to above but includes a Hetero- 
dyne detector. The RF Bridge is 25 kc to 5520 kc 

C, 
13 bands. All plug -in coils nCluded. Ranges of 
L and R, and accuracies are $1755.00 same as for OCK 

Gen. Radio's $590.00 -821 -A Twin-7 Z Bridge meas- 
ures at freq. between .46 & 40 mc. particularly 
useful for small phase shifts from O or 90 deg. such 
as dielectric samples. low -loss capacitors, high -Q 
coils. Indicates end point in titration,. Measures C 
& dissipation factor. L & Q Of coils, resonant Z of 
parallel -tuned ckts, magnitudes & phase angles of 
resistance, grounded antennas & 
coax lines. Only $175.00 

MISCELLANEOUS BARGAIN -COUNTER ITEMS 
MINE DETECTOR AN /PRS -3 like -new, in $37.50 suitcase. 23 lbs fob Tacoma, Wash... 
Kay's $425.00 Rada -Sweep emits variable - 
width sweeps in 2 bands, 20-40 me & 50- $150.00 
70 mc. W/7 xtls for exact markers..... 
60 mc IF Strip w!8 6AK5's, gain 90 db, $14.95 
pass 51.'2 me. ZO 680 ohms, new 
MK -47 UP is a Hell -Box of waveguide & $14.95 
cable atten., Detect., couplers. etc. 
SONAR Test Set dAX -1: Hy ne $79.50 underwater transducer, amplifier 
Weston's 295.25 Potential xfrmr $125.00 =311 Type 2, ratios 30:1, 60:1 
Gen. Radio Unit Pulser r1217A $135.00 w 01203A pwr spi Y, pulse gee 
Meas. Corp, =79 -B pulse genet $69.50 
Dressen- Barnes Ripple Meter is $49.50 ac vtvm. rack size, starts at 1 m 
Weston =785 industrial ckt testers, $79.50 best multimeters ever made; w/ac ma 
RCA = WF -12A Geiger Counter is portable $49.50 type, battery operated 
TOQ 2 -meter xtmr, aC sply, 45 W PO $99.50 
Sock tDAdapter.eBook &h TubeµData $49.50 

PLEASE ask us for your SPECIFIC needs in Equipment 
or in Schematics 'Tech Manuals. YOU NAME IT! No 
room here to list our Scopes, Regulated DC Supplies. 
etc. 

CHOICE BARGAINS IN COMMUN. RECEIVERS 
BC453B: 190 -550 kt 6 -tube superhet w 85 kt IF's, 
ideal as long -wave rcv, as tunable IF & as 2nd con 
vert. W all data. CHECKED ELECTRICALLY! .95 $12 Grtd. OK! 11 lbs. fob Los Angeles P L .7J 
R- 45 /ARR -7 w,ac sply. 0.55 -43 mc; xti filter. etc. 
$179.50 cash or Time Pay $17.95 down. 
REIS: Navy's pride 2 -20 mc 14 -tube superhet has 

nice filter for low noise. ear -saving ACC. high sens. 
& select. IF is 1255 kC. Checked, aligned. w pwr 
C-ply, 

cords. tech data, ready to use. fob $69.50 harleston. S.C. or Los Angeles -P 7 J 
Low Freq.: DZ -2 superhet 15 -1750 kc. w scncm 79.50 

RBL -1'1 TRF. 15 -600 kc. w schem $150.00 
High: Freq.: APR -4 rcvr, plug. book, tuning $179. J C0 units. 38 -1000 
( Add $30 for AM FM. TN -19& 54 to reach 4 kmc. PUR.I 
National HFS, 27 -250 mc superner- super- $99.50 regen. 10.7 me I.F. W coils, pwr sply 
R- 111 /APR -5A receiver 1 to 6 kmC & Panadapter RDP 
130 me 25 mc for both APR -4 and APR- $199.50 5A) in rack cabinet. 115 v 60 cy in ... 
RDP by itself, checked OK, w schematiC....5125.00 

ARC -3, ARC -27, ART -13 MANUALS! 
Handbooks mainten.. Oper.. theory, sChem. $10.00 dwgs. etc. Each, postpaid 

RADIO NOISE & FIELD STRENGTH METERS: 

unit r t &RF-37 h adlT B n 
eter $19 ,rines 100-40(199.50 

Ferris Mod. 32A field unit. battery $129.50 Operation, 150 -350 he, .55 -20 mc 

FREQUENCY -METER BARGAINS 

oti, sche vatic, instrruc.`, plug? 100 % °grtd.. $57.50 
AC Pwr for LM: Modify new EAO, w /silicon $9.95 diodes. instructions we furnish 
OK LM w readable but ragged calib. book...542.50 
OK LM w xtl but no calibration book $27.50 
TS -173 w /AC pwr Sply, 90 -450 mc, $150.00 .005 % P 

TS -174, 20 -280 mc, .01 % $150.00 
75 -175, 85-1000 mc, .04% $150.00 
TS -186, 0.1 -10 KMC, .01 %, Xti Calib $195.00 
General Radio Co. =620A, 10 -3000 mC, xtl 199.50 Calib.. .01% actur. Regular $625.00. only P 
INTERPOLATION OSCILLATOR: Hewlett -Pack. $99 550 
ard 2200 -1, 6 to 6000 cy audio oscillator V 
Echo -Box & Cavity Freq. Meters L.S.C. & X Bands. 
State freq. required. let us quote low prices. 

CALIBRATED -OUTPUT SIGNAL GENERATORS 
Gen. Radio's $750.00 2700 -A Wide -Band 199.50 BFO puts Out 50 cy to 5 me in 2 bands.. R ¡ Boonton's $420.00 =203B beats your VHF $129 550 generator at 70 mc. Get .1 to 25 mc.... Y 
Navy LP -5 Covers 912 kc to 50 mc in 8 $250.00 bands, ultra stable output to 1.0 v 
Navy LX -2 covers 71 a to 330 mc. $149.50 Metal case for low leakage.. 
Meas. Corp. Model 80: 2 to 400 mc. is in $375.00 their catalog today at a lot more than 
Davens AN version of the Mod. 80 $375.00 uses more modern tubes, same range.. 
Hewlett-Packard 

lowest reksiidual 
fm, .1is y1 to mc. $650.00 

Navy LAE -2 is AM. CW or PM w variable $129.50 
pulse width, rate & delay. 520 -1300 mc. 

TUNING -FORK FREQ. REFERENCE STANDARDS 
400 ey I :\3.1. lime Prod. fork onl)'. $9.95 
t'ompiete module. ,t' tube,. instructions $14.95 
' in v:'ptvr.ply..1F':unplilier.. $69.50 Saine tn 
10.000 c_ e.0(11 r: . ='_'001-^-H w /multiplier $49.50 
1000 cv -!-.0214. =21103 plu. 4 \7"alkirt 

binary count-do.,s to 500. 250, 125, 621/2 
c/cubs $37.50 

V:tro 622B. 400 cy =0.114. "tul,e. i 1,truct .$9.95 
Phllanlon 400 cy ±-.05 e w tul,e,. in.truct...$9.95 
Pltilamon 500 w tube,. In,truct...$9.95 
Am. Time Prod 960 Cy .001% module. $37.50 count to 60 cy w-Wafkirt mod. above 'P 

PRECISION PHASE METER /MONITOR ME -63 /U 
Meter shows phase -angle difference (1 -300 leg. 
between any e input waveforms 2 -30 V 275.00 $ 
Peak 20- 20.000 c.. 01420 Gov't cost!.. $ 

GRAPHIC RECORDERS & D.C. AMPLIFIERS 
G.E.'s 99X -Type ribbon -writing recorders. Chart 
speed 3..: hr, but ate gears can be changed. 
1 each 0 -250 uA de, 0-1 ma dc, 0 -50 my $99,50 
dc. 3 for $250.00 or each only 
G.E. PM -17 -DI miniature 6- channel $129.550 photographic. w all 6 galvanometers. . 

Esterline -Angus Type AW: 
O -1 ma dc, specify clock or electric $249.50 
Same less front door, electric drive $179.50 
21/2-0.21/a ma dc, electric drive $149.50 
Brush BL-202 2 -pen, ink (RD2321 -00) $250.00 
Brush BL- 222/944 2 -pen. elect. wrtg. $295.00 
Brush BL -206 6 -pen, ink wrtg. $495.00 
Penmotors BL -902A as in above units $50.00 
Penmotors from 8172661 -00 lstiffer) $50.00 
Brush BL -913 dc amplif., gain 1000 589.50 
Brush BL -905 1/2 -100 cy amp., gain 1000 $99.50 
Varian 010 Servo section 0-100 my dc $97.50 

0.1% SORENSEN Line Voltage Regulator 
2150005 r gul. against load 
changes 0 -5 kva & line 
changes 95 -130 v. 1 ph 
50/60 cy: adj. output 110- 
120 v holds to 0.1%. 
Harm. less than 3 %. Re- 
covery .15 sec. Regularly 
$695.00 less Spares. New. 
w 'spares orig. pack. 285 
lbs. $349.50 fob Utica 

10005, 1 kva $179.50 fob Los Angel . 

1500 Special. 150 to 
1500 va, 105125 V 60 cy. 

0.3% line & load. 110- 
1 20 Vo. Max 5% distort. 
fob Norwalk. Conn. $199.50 C 
5ola SOD $49.50 117 Los An. 

ISOLATION AND/ OR STEP-UP/ DOWN XFRMR 
71.2 NVA! G.E. = 78G501. Primary 115 230 v 50 60 
Cy, sec. 105/115/125 v. Shielded. Acq. cost $230.00! Exc. condition, grtd OK. $49.50 300 lbs fob Oakland, Calif. ONLY 

R. E. GOODHEART CO. P. 0. BOX 1220 -A BEVERLY HILLS, 
CALIFORNIA 
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shown with new 
INTEGRATED COVER/BASE MB ie' 
Attractive as it is protective, the new Integrated Cover /Base keeps your 
Miracord dust -free at all times -at rest and during play. Consists of clear 
plexiglass cover hinged to handsome, oiled walnut base. Cover need not be 
removed or kept open while in use, even when playing records automatically 
with long spindle. Yet, slip -hinge design permits removal of cover, where 
desired. Measures 18%" wide x 1434" deep x 9" high with cover closed. 
Complete Cover /Base price is $19.95. Miracord prices, less base and 
cartridge: Model 10 (4 -pole induction), $89.50; Model 10H (hysteresis), 
$99.50. See them at your hi -fi dealer. For literature, write to: 

BENJAMIN ELECTRONIC SOUND CORP. 80 SWALM STREET WESTBURY, N. Y. 
U.S. distributor for Miracord turntables, Elac cartricges and Truvox tape recorders. 
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MOVIAIAW 

If you ve recently changed your address or 

plan to in the near future, be sure to notify 
us at once. Place magazine address label 
here and print your new address below. 

NAME 

NEW ADDRESS: 

PLEASE PRINT 

ADDRESS 

CITY ZONE STATE 

MAIL COPIES TO NEW ADDRESS STARTING 

WITH ISSUE. 

If you have any other questions 
about your subscription be sure to 
include your magazine address label 
when writing us. 

Mail to ELECTRONICS WORLD, 434 So. 

Wabash Avenue, Chicago 5, Illinois 
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SAY YOU SAW IT IN 

Electronics World 
NEW 

Los Angeles Plant 
Now Filling 
West Coast 

Orders 

Citizen Band $2 95 
EACH 

Class "D" Crystals 
CITIZEN BAND CLASS "D" CRYSTALS 

3rd °vertex, - .005`5 tolerance - to 
meet all SC . requirements. Hermetically 
sealed HC's;; i" holders. 7s" pin spacing. 
.050 pins. (Add 15c per crystal for .093 
pins). 

All 23 megacycle frequencies in stock: 
'6 985 - 005 2- 815 '7 025 o 

03' 
7.075. 27.085. 27.1 05. 27.115. 

27.165. 27.175. 27.185. 27.205. 

D 

20.065. 28.975. '7 055 27 085 
27.135. 27.155, 

. 27.225. 27.255. 
Matched crystal sets for ALL CB units (Specify equipment 
make and model numbers) _ $5.90 per set 

RADIO CONTROL CRYSTALS 
In HC6 /U HOLDERS -SIX FREQUENCIES 

In stock for 1nm,edi:oe delivery in mel'neyclen :: tolerance .005' "ç. l;j" pin ,pacing. .050 pin diameter. 1.093 pins available. :,dd 150 per crystal.: Specify frequency desired. 
26.995, 27.045, 27.095, 27.145, 
27,195, 27.255.. ........_. .. $295 EACH :add 50 per Crystal for postage - andling) 

IF YOUR PARTS DEALER DOESN'T STOCK Tuas Cr,'.tals order direct and send us his name. 
TWO PLANTS TO SERVE YOU 

RUSH YOUR ORDER NOW TO CLOSER PLANT 

t +TEXAS CRYSTALS. 
Div. of Whitehall Electronics Corp. Dept. R -103 
1000 Crystal Drive, Fort Myers, Florida Ph. WE 6 -2109 

4117 W. Jefferson Blvd., Los Angeles, Calif. 
Area 213 Phone 731 -2258 

FOR SHIPMENT VIA FIRST CLASS MAIL AT NO EXTRA 
COST ATTACH THIS ADVT. TO YOUR ORDER! 

Tone Burst Generator 
(Continued from page 52) 

Gated 1 kc. at 16 msec. direct from gen- 
erator (top). After passing through an 
amplifier, speaker, and microphone (lower). 

A tape recorder can be substituted for 
the amplifier in Fig. 4A. The burst is 
recorded on a section or a continuous 
loop of tape and played back for ob- 
servation of the waveform. This is a 
severe test for the input and output 
amplifiers and the tape heads. Bursts at 
frequencies around 10 kc. are often un- 
recognizable. 

Valuable information on loudspeaker 
performance may be obtained with the 
setup shown in Fig. 4B. The microphone 
and preamplifier should be of good to 
broadcast quality. The degree of speaker 
cone damping is observed between the 
tone bursts. Insufficient damping is par- 
ticularly noticeable at low frequencies 
if speaker cone movement is not abruptly 
stopped. A high flux density speaker 
magnet and a very -low internal resist- 
ance amplifier are essential to good per- 
formance. Tone bursts are useful for 
adjusting the amplifier damping (nega- 
tive feedback) controls when available. 

Random waveforms can be gated with 
the tone -burst generator by following 
the setup shown in Fig. 4C. Music or 
spoken words, gated at 16 or 6 msec. 
remain intelligible despite the loss of 
50% of the signal. Background noise in 
this application is reduced by adjust- 
ment of the "Base Line Adj." control. 
White noise from a random- frequency 
generator may be gated to produce an 
"outer space" sound effect. Many other 
applications will occur to the reader 
when using the tone -burst generator. 

REFERENCE 

1. Millman and Taub: "Pulse and Digital Circuit," 
McGraw -Hill Book Co., 1956. 
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?P:000e1c Dual Heat Soldering Gun 
There's no tool like a Weller Dual Heat Gun for quick, 
easy soldering and scores of household repairs. Pull 

the trigger -tip heats instantly and spotlight illuminates 
work. 2 trigger positions give you a choice of two tip 
temperatures. You can switch instantly tc the heat best 

suited for the job. And by using high heat only when 

necessary, you prolong tip life. 

Tip is made of copper for superior heat transfer and 

prem?um- plated for rigidity and long life. Accessory tips 

are available for heat sealing, cutting and smoothing. 

Over 5 million Weller guns have been sold. They're used 

by professional servicemen and homecrafters the world 

over. All Weller guns are UL approved and guaranteed 
one year against defects in material and workmanship. 

Weller dual heat guns are available in many models 
with wattage ratings to suit your needs. They are also 

supplied in plastic case kits that include accessories. 

A must for hi -fi kit building. 
Assures noise -free connections. 
Use low heat when soldering 
near sensitive components, high 
heat for chassis connections. 

Saves on electrical repairs. 
Enables you to do many appli- 
ance and electrical repair jobs 
yourself. Also useful for many 
different crafts end hobbies. 

Mends metal. Whether patch - 
ing holes, sealing seams or join- 
ing metal parts, your Weller gun 
will pay for itself on scores of 
repair jobs around your home. 

Does more than soldering. 
With cutting and smoothing tips 
you can cut plastic tile, repair 
plastic toys, seal plastic bags, 
repair furniture dents, etc. 

WELLER ELECTRIC CORP., 601 STONE'S CROSSING ROAD, EASTON, PA. 
October, 1963 CIRCLE NO. 160 ON READER SERVICE PAGE 77 



P 
TOOLS IN ONE! 
FOR HOME CAR SHOP 

HOBBIES SPORTS 

RATCHET ACTION 

SOCKETOOL 
BY SHELTON 

Offers Unlimited versatility - 
handles popular sizes of nuts, bolts 
and screws with slotted, recessed, 
square or hex heads! 

Features fast action speedy 3 -way 
ratchet handle that operates in 
either direction or locks; regular 
and recessed -head screwdrivers; 
straight and offset adapters; eight 
hex and square sockets from % " 

to ji ". Does the work of 18 tools 
-8 straight and 8 offset wrenches, 
plus 2 screwdrivers, yet fits in a 
5% " x 4% " case. 

ONLY $295 
complete with case -attractively 
packed in gift sleeve upon request. 

FULLY GUARANTEED! 
MAIL COUPON TODAY! 

Merchandise Division 
Ew -103 Ziff-Davis Publishing Company 

One Park Avenue, New York 16, New York 
Please send me SOCKETOOL sets at 
$2.95 each. (N.Y.C. residents please add 4%, 

Sales Tax). My check (or money order) 
for is enclosed. 
I understand that you will pay the postage 
and that each SOCKETOOL is fully guar- 
anteed. 
O Check here for gift sleeve packing. 

Name 

Address 

City Zone -State 
(SORRY -No Charges or C.O.D. Orders) 
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ADD A TV D.C. RESTORER 
By CHARLES ERWIN COHN 

Accurate rendition of the gray scale, neglected in most TV 
receivers today, can be restored by adding a single stage. 

ALTHOUGH it was regularly used in 
the earliest TV sets, the d.c. restorer 

is a neglected feature in today's receiv- 
ers. The omission is regrettable, since the 
circuit makes a valuable contribution to 
picture fidelity. However, it is not diffi- 
cult to add. 

The need for d.c. restoration stems 
from the manner in which signal is gen- 
erally applied to the picture tube. To 
simplify comparison, assume the detec- 
tor's video polarity is such that a positive 
signal (Fig. 1) corresponds to black in- 
formation, with smaller voltages corre- 
sponding to lighter gray shades until 
white is reached with the smallest volt- 
age. If this signal is directly coupled 
from detector to picture tube, a given 

SIGNAL AT PICTURE TUBE 

DETECTOR I WITHOUT D.C. WITH D.C. 
OUTPUT RESTORER RESTORER_ 

,r1 -111 

f3 

011.-In1 

BLACK 

GRAY 

WHITE 

ir 
BLACK 

GRAY 

WHITE 

'l BLACK 

GRAY 

WHITE 

Fig. 1. Comparison of detected video, 
unrestored, and restored CRT signals for 
three conditions of gray -scale content. 

voltage always corresponds to the same 
shade. Reproduction of the black -to- 
white scale would then always be cor- 
rect, provided only that the receiver's 
brightness control is properly set. 

While some sets use d.c. coupling, 
most avoid certain complications with 
RC coupling. D.c. level of the signal is 
thus removed through the coupling ca- 
pacitor, with the average amplitude of 
any signal being placed at the same 
level. This permits standard black level 
to shift, depending on make -up of the 
signal at any given moment. 

Fig. 1 illustrates this action for typical 
signals. The first line shows a signal with 
blacks and whites evenly distributed. 
Average level to the CRT, without resto- 
ration, is where it should be. Signal in 
the second line is mostly black. When 
capacitor coupling, however, moves the 
average level down toward gray, the 
scene is reproduced lighter than it should 
be. Also, with sync pulses not reaching 
the black level, retrace lines become vis- 
ible. With mostly white signal (3rd line), 

the shift toward gray makes the picture 
darker than it should be. 

Where neither direct coupling nor a 
d.c. restorer exists, the latter can be 
added. The circuit senses the sync 
pulses, which are always at the same 
level just beyond black, and adjusts CRT 
bias accordingly to compensate for the 
shift produced by capacitive coupling. 

The circuit of Fig. 2, easy to install in 
an existing set, can be used wherever 
video signal is applied to the picture - 
tube cathode and the brightness control 
is also located there. This arrangement 
is usual. The circuit requires the addition 
of only one tube, hvo capacitors, and 
three resistors. These are given as VI, 
Cl, C2, and Rl to R3. Other parts, in 
the existing circuit, are shown to indicate 
connection points. 

With the large cathode resistance, R1, 
V1 is almost cut off. Positive video signal 
is applied to its grid. Without Cl in the 
cathode, V1 plate current would increase 
as video becomes more positive, the 
cathode voltage following the grid volt- 
age. However, Cl charges cathode volt- 
age to the most positive part of the 
signal, the sync pulses, and holds V1 cut 
off over the rest of the cycle. The voltage 
on Cl is applied to the CRT grid. Thus 
the CRT grid -cathode potential is always 
constant on a sync pulse. 

Between sync pulses, Cl slowly dis- 
charges through Rl. The time constant 
of this combination is comparable to the 
duration of one frame, so that the circuit 

Fig. 2. A single -stage restorer that may 
be added to CRT with cathode signal feed. 

PICTURE TUBE 

FINAL 
VIDEO 
STAGE 

BRIGHTNESS 
CON ROL 

8+ R3 +150V. 

220K 
6AU6 

vi 

R2 
I MEG. 

6.8K 
+ CI 

- I 100. 
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Your Choice: 6C07 MI lB3 

1111 
TAKE ONE OF 

THESE TUBES 

FREE... 
with the purchase of 6C 
every 9 Rad -Tel Quality 

Brand New Tubes! 

HURRY! 
OFFER EXPIRES 

November 30, 1963 

ONE YEAR GUARANTEE 

up 

to 

Cy OFF* I 
RAD -TEL'S QUALITY 
BRAND NEW TUBES 

ONE DA 
o 

Y Y S E RVICE - 
Manufacturers Suggested List Price 500 TYPES IN STOCK 

FREE' 

Send For New Tube & Parts Catalog 
Send For Trouble Shooting Guide 

Be your own TELEVISION REPAIRMAN 

Sit 

The Original NOW YOU CAN 
FIX YOUR OWN TV SET BOOK 

You can fix your own TV if you have TV Fixit 
Book . . . because 80 °í, of troubles are caused 
by tubes. This book explains, illustrates trouble 
and what tubes cause this trouble. Pinpoints in 
over 3000 layouts by model number, position and 
type tube causing trouble. $ BOO 
No. 170 

CHEATER CORD set Ewhileo ion s osnoff. 

6 ft., No. 154 290 ea. Lots of 3 -25e ea. 

RAD -TEL TUBE CO 
DEPT. EW 

TV, RADIO 

AND HI -FI 

55 CHAMBERS STREET, NEWARK 5, NEW JERSEY 

TERMS: 25% deposit must accompany all orders, balance C.O.D. Orders under $5: 
add S1 handling charge plus postage. Orders over $5: plus postage. Approx. 8 tubes 
per 1 lb. Subject to prior sale. No C.O.D.'s outside continental U.S.A. 

October, 1963 

EACH TUBE ATTRACTIVELY BOXED & BRANDED RAD -TEL 

Qty. Type Price Qty. Type Price Qty. Type Price Qty. Type Price 

_ -OZ4 .79 6AU8 .87 6K6 .63 _12CU5 .58 
__ 1AX2 .62 _6AV6 .41 6S4 .52 12CU6 1.06 
_1B3 .79 6AW8 .90 __6SA7GT .99 _.12CX6 .54 
__1DN5 .55 6AX4 .66 6SH7 1.02 ___12D4 .69 
_1 G3 .79 _64X5 .74 _-6517 .88 _12D E8 .83 

113 .79 6BAS .50 _.__6SK7GT .95 _ 120L8 .88 
__1K3 .79 6BC5 .61 __6SL76T .84 1213Q6 1.04 
_1R5 .77 6BC8 1.04 6SN7 .65 .12DS7 .84 
._1S5 .75 6BE6 .55 _._6SQ7GT .94 _12DT5 .76 
_1T4 .72 6BF5 .90 _._674 .99 .79 
_1 U5 .65 68F6 .44 _6T8 .85 

_12DT7 
_12078 .78 

__1X2B .82 __.6B06 1.70 ___6U8 .83 _12DW8 .89 
_2AF4 .96 6BH8 .98 6V6GT .54 _12DZ6 .62 
3AL5 .46 6816 .65 __.6W4 .61 12E05 .62 

_3AU6 .54 6BJ7 .79 _6W6 .71 _12E06 .62 
3AV6 .42 6BK7 .85 ___6X4 .41 ...- _12EK6 .62 
3BC5 .63 _6BL7 1.09 _ .__6X8 .80 _12EL6 .50 

3BN6 .75 _68N6 .74 __ _7A8 .68 .__12EZ6 .57 
3BU8 .78 _6BQ6 1.12 _ __7AU7 .65 12F8 .66 
3BY6 .58 _6BQ7 1.00 ___7EY6 .75 - _12FA6 .79 

3BZ6 .56 _6BU8 .70 7Y4 .69 _ __.12FM6 .50 
3CB6 .56 6BX7 1.11 __ -8AU8 .90 

_ 
__12FR8 .97 

3CS6 .58 -_68Z6 .55 __BAWB .93 .._._12FX8 .90 
30G4 .85 _6BZ7 1.03 __88Q5 .60 12GC6 1.06 
_3DK6 .60 6C4 .45 8CG7 .63 _ 1218 .84 
_3076 .54 _6C86 .55 .. -8CM7 .70 . _.12K5 .75 
, 3GK5 .99 _6CD6 1.51 8CN7 .97 __12L6 .73 

3Q4 .63 _6CG7 .61 __8CS7 .74 12SF7 .69 
_354 .75 _6CG8 .80 _ _8E138 .94 12SK7GT .95 
_3V4 .63 .6CL8 .79 _-8FQ7 .56 _ _12SL7 .80 
`_4BQ7 1.01 _6CM7 .69 _ -9CL8 .79 ___12SN7 .67 _ 4C56 .61 -6CN7 .70 --_11CY7 .75 _- 12SQ7GT.91 
_4076 .55 __ -6CQ8 .92 .. _._12A4 .60 .___12U7 .62 
_4GM6 .60 __6CR6 .60 -- 12AB5 .60 . _12V6 .63 
_5AM8 .79 __ 6CS6 .57 12AC6 .55 . _12W6 .71 
_5AN8 .90 _ 6CS7 .69 

_ _ 
_12AD6 .57 12X4 .47 

RAD -TEL TUBE CO. NOT AFFILIATED WITH ANY 
OTHER MAIL ORDER TUBE COMPANY 

__5AQ5 .54 __ 6C1.15 .58 124E6 .50 . .17AX4 .67 
_5AT8 .83 __ -_6CU6 1.08 12AE7 .94 _17DQ6 1.06 
_5BK7 .86 _____6CY5 .70 _12AF3 .73 _. 18FW6 .49 
_5807 1.01 6CY7 .71 _12AF6 .67 _. _18FX6 .53 
._5BR8 .83 60A4 .68 __12AJ6 .62 .. _ _18FY6 .50 
. -_5CG8 .81 _ . 60E6 .61 12AL5 .47 19AU4 .87 
__5CL8 .76 __60G6 .62 _12AL8 .95 19BG6 1.39 
_5CQ8 .84 _ _6018 1.21 _12AQ5 .60 __ 19EA8 .79 
-5EA8 .80 __ .6DK6 .59 12AT6 .50 1978 .85 
.5EU8 .80 _-.6DN6 1.55 12ÁT7 .76 21EX6 1.49 
_5J6 .72 -6DQ6 1.10 _12AÚ6 .51 25AX4 .70 
._5T8 .86 60T5 .81 12AU7 .61 .2505 .53 
_5U4 .60 _6076 .53 1 2AV6 .41 . 25CA5 .59 
_5U8 .84 6078 .94 12AV7 .82 25C06 1.52 
_5V6 .56 . _6EA8 .79 12AX4 .67 ._ _ 25C U6 1.11 
-5X8 .82 6E85 .73 12AX7 .63 _.250N6 1.42 

_5Y3 .46 --6EB8 .94 12AY7 1.44 .25EH5 .55 
_6A84 .46 -_6EM5 .77 12AZ7 .86 25L6 .57 
_6AC7 .96 6EM7 .82 1284 .68 25W4 .68 
_6AF4 1.01 -6EU8 .79 12806 .50 _32E75 .55 
_6A05 .70 - ..6EV5 .75 12BE6 .53 35C5 .51 
_6AH4 .81 __SEWS .57 12BF6 .60 35L6 .60 
_6AH6 1.10 6EY6 .75 12BH7 .77 __35W4 .42 
6AK5 .95 _6FG7 .69 12BK5 1.00 _.3525 .60 

6AL5 .47 6FV8 .79 12BL6 .56 _36AM3 .36 
6AM8 .78 6GH8 .80 _12BQ6 1.16 50B5 .69 

_6AQ5 .53 -.6GK5 .61 12BR7 .74 5005 .53 
6AS5 .60 _ -.6GK6 .79 12BV7 .76 50EH5 .55 
6AT6 .49 _ -_6GN8 .94 12BY7 .77 .50L6 .61 
6AT8 .86 6H6 .58 12BZ7 .86 70L7 .97 
6AU4 .85 _615G7 .51 12CN5 .56 .117Z3 .85 
6AU6 .52 _6J6 .71 12CR6 .67 807 .75 

ORDER FORM MAIL TODAY 

RAD -TEL Tube Co. 

DEPT. EVV 

55 Chambers Street 
Newark, New Jersey, 07105 

ENCLOSED IS 

SEND: 

Total 
Tubes $ 

Total 
Part(s) $ 

Postage $ - 

Grand 
Total $ 

Please rush order. 
-Books) Be Your Own TV Repairman 0 $1.00 ea. #170 
_Cheater Cord 29c ea. Lots of 3 - 25c ea. #154 

Orders under $5.00 Add $1.00 handling charge - plus postage. 

FREES 

Send FREE Tube and Parts Catalog 
Send FREE Trouble Shooting Guide 

NAME 

ADDRESS 

CITY ZONE STATE 
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g7e $k 
SETTING NEW STANDARDS IN SOUND 

:IRCLE NO. 119 ON READER SERVICE PACI 

RFOR "DOCTORS OF 

SERVICING" 

Where there's 
a contact... 
orare /ay... 

Ct-EAIVg 
LUE 

"CI PROT 

Service with Contact Shield! Pro- 
tective! Corrective! It not only 
cleans and safeguards contacts bet- 
ter on TV, radio, and hi -fi sets; on 
all relay- operated electrical equip- 
ment, regular protective mainte- 
nance with this versatile cleaner 
prevents sticky relays -while cor- 
rective servicing unsticks them ... 
in seconds. Promotes greater con- 
ductivity, keeps relays working 
smoother, longer. Contact Shield - 
the professional service man's 
cleaner. 

APPLICATIONS 

INCLUDE: 

Bowling Alley Automatic Pin Spotters 

Vending Machines Pinball Machines 

Slot Machines Telephone Switchboards 

IBM Computers and other data 

processing equipment 
using relays, such as 

Industrial Equipment 
machines, etc. 

For handy guidebook to better servicing, write Channel Master Corp., Ellenville, N.Y. 
CIRCLE NO. 112 014 READER SERVICE PAGE 

1. More "look- alike" exact replacement 
models than any other brand. Over 350 
needles, 225 cartridges. 2. Easy -to -use 
reference material. E -V computer -printed 
catalogs make proper needle /cartridge 
selection easy, fast and accurate. 
3. Highest standards. Rigid quality con- 
trol and inspection cuts call- backs, gives 
fLI, value to every customer. Stock and sell 
E -V needles and cartridges for more profits, 
today! Write for FREE replacement guides! 

ELECTRO- VOICE, INC., Dept. 1037N, Buchanan, Michigan 
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NO FREE premiums 

NO PRIVATE labels 

NO ineffective liquids 
or carbon tet 

ALL YOU GET IS 
GENUINE la 0 

OISE" 
QUALITY 

formulas developed by chemists 

14 years of recognized 

BEWARE OF 

CHEAP 

IMITATIONS 

INSIST ON 

NO -NOISE 

leadership 

1 

VOLUME CONTROL and Contact Restorer 
TUNER -TONIC for all tuners including wafer type 
FORMULA EC -44 for all electrical contacts 

PLUS, FREE with all No -Noise products, S" plastic 
extender push- button assembly for pin -point appli- 
cations. Does not cause shorts! 

ELECTRONIC CHEMICAL CORP. 
813 Communipow Ave., Jersey City 4, N J 

CIRCLE NO. 120 ON READER SERVICE PAGE 

will not respond to more rapid changes 
in average level. However, the time con- 
stants of the coupling circuits in the 
video amplifier are sufficient to hold the 
black level for one frame. 

Installation of the circuit poses no spe- 
cial problems. For V1, use that variant 
of the 6ÁU6 whose heater characteristics 
can be most conveniently incorporated 
into the set's heater circuit. Some point 
having no more than 150 volts of `B +" 
must be found for plate and screen sup - 
ply. Note that C2 is connected directly 
to the end of the video- amplifier plate 
load resistor closer to the plate and after 
any of the peaking coils. This minimizes 
the effect of the added stray capaci- 
tance on the high- frequency response 
of the video amplifier. 

The CRT grid is removed from its 
existing connection and taken to the 
cathode of V1. Many sets have retrace 
blanking circuits connected to this grid. 
Such blanking should not be necessary 
after the revision, with the black level 
held where it belongs. However, if 
blanking should still be needed, it can 
be retained by connecting in the CRT 
grid lead a resistance approximately 
equal to resistance to ground of the pre- 
vious grid circuit and returning the 
blanking -pulse connection to the grid of 
the CRT. 

ADDING INTERCOM SUB -STATION 

By SIDNEY CLAIRE 

A°:It t plelin_ the ill-lalI :U of 
a len -plat intere racing the 

customer asked the author whether or 
not it would be possible to squeeze in 
one more station. Since ten was the maxi - 
mum number of stations that could he 
handled, this posed quite a problem as 
the author didn't want to make drastic 
modifications of the master unit. 

In the ease of this particular inters 
system, if the speakers are paralleled 
there will be serious feedback through 
the system when one of the paralleled 
speakers goes to "call." The circuit ar- 
rangement shown in the diagram Nuked 
the problem. There is negligible added 
loading on the line. .end, in this case, 
the chance of the two tandem speakers 
going to "call" po-itiun at the same time 
is almost nil A 

STATION 10 STATION 10A 

Sill Ì52a 

3- -WIRE JUMPER 

3 -WIRE CABLE TO MASTER STATION 
'.,I, 52 WERE S.P.D.T. CHANGED TO D.P DT. 

ELECTRONICS WORLD 



This is WGN's new Mid- America Broadcast 
Center ... one of the world's largest and most 
modern studios for radio and TV transmission. 
Dedicated in June, 1961,11 has more than 100,000 
square feet of floor space, including three 72' x 

48' TV sound stages, and two 30' x 18' radio 
stud ios. 

Carl J. Meyers, center, Vice President and Man- 
ager of Operations and Engineering; and Woody 
Crane, left, Chief Engineer of Television, discuss 
WGN's wire and cable needs with Belden sales 
engineers, who, on behalf of Belden distributors, 
have just toured the new facilities. 

90% of WGN 
TV-camera, Microphone, and 
Audio Cables made 
by Belden 
Belden manufactures a complete line of wire and cable 
for. TV and radio broadcasting, recording studios, remote 
control circuits and similar applications. Call your Belden 
electronic distributor. 

1A. , %.`x;`"'r. - 
- 

_.._ 
--'-.L,f j:--:c 

- .. . ' i 

8.12.1 

October, 1963 

WIREMAKER FOR INDUSTRY 
SINCE 1902 -CHICAGO 

r. 

rw 

_~ ,^.-...' .!. 

power supply cords cord sets and portable cordage electrical 
household cords magnet wire 'ead wire au±omotive wire and 
cable aircraft wires welding cable 
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Back 

Issues 

Available 

Use this coupon to 

order back issues of 

ELECTRONICS WORLD 

We have a limited 
supply of back is- 
sues that can be or- 
dered on a first - 
come, first -served 
basis. Just fill in the 
coupon below, en- 
close your remit- 
tance in the amount 
of 65C and mail. 

ZIFF -DAVIS SERVICE DIVISION 

Dept. BC, 589 Broadway 

New York 12, New York 

Please send the following back issues of 

ELECTRONICS WORLD. 

I am enclosing to cover cost of 

the magazine, shipping and handling. 

Month Year 

Month Year 

Month Year 

Name 

Address 

City Zone- State 

No charge or C.D.D. orders please. 
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Silicon Controlled Rectifiers 
(Continued from page 30 ) 

enough to handle the required full -load 
current. 

Since the minimum conduction angle 
in the above circuits is 90 °, these do 
not offer continuous control from zero 
to maximum. There are other configura- 
tions, however, that do provide this fea- 
ture. One such circuit is shown in Fig. 
10. With this type of connection, chang- 
ing the setting of potentiometer R varies 

-- 

Fig. 10. Circuit permitting control over 
entire half cycle of applied voltage. 

RL 

the phase angle between the SCR anode 
and gate voltages from zero to 180 °, 
thus controlling the firing point of the 
SCR's over an entire half cycle. 

In this circuit, the value of R must 
be at least ten times the reactance of C 
at the operating frequency. With a mini- 
mum- resistance setting of R, the gate 
circuits are connected across the lower 
half of the center- tapped transformer 
winding and the voltage applied to the 
gates of the SCR's is in phase with the 
anode voltage. The SCR's conduct for 
nearly 180° on alternate half cycles. 
With maximum setting of R, the react- 
ance of C can be considered negligible 
and the gate circuits are effectively con- 
nected across the opposite half of the 
transformer winding. The voltage ap- 
plied to the anodes and gates are nearly 
180° out of phase and virtually no con- 
duction takes place. With intermediate 
settings of R, conduction angles ranging 
from near zero to almost 180° can be 
achieved. 

Unijunction transistors and four -layer 
diodes (similar to SCR's but without the 
gate- trigger provisions ) may be used to 
provide turn -on pulses for SCR circuits. 
Such devices are normally employed in 
relaxation oscillator circuits with var- 
iable pulse spacing so that triggering 
may occur at any point of the SCR anode 
cycle. A typical circuit using unijunction 
transistor triggering is shown in Fig. 9. 

With SCR control, every electric light 
switch in the home becomes a potential 
light dimmer that provides continuously 
variable operation from full off to full 
on. A high -power bulb in a child's nurs- 

ery may be adjusted to give plenty of 
light during play hours, but it can be 
turned down to just a glimmer for night - 
light purposes. In living and dining 
rooms, light dimmers can provide just 
the right degree of illumination to fit 
any mood and, for amateur puppeteers, 
the basement rumpus room can be con- 
verted into a theater, complete with 
theater as well as stage light dimming 
equipment. 

SCR control can increase the func- 
tions and conveniences of kitchen elec- 
trical appliances. Electric ranges with 
SCR control can match the infinite heat 
selection of gas equipment, electric 
toasters can become more efficient and 
far more reliable, electric mixers and 
blenders, automatic refrigerators and 
freezers, even dishwashers, can benefit 
from the variable current capabilities of 
SCR circuits. 

In the workshop, SCR circuits in elec- 
tric power tools can convert a particular 
implement into a multi -purpose device. 
Drills and saws can be adjusted for just 
the right speed for virtually all types of 
materials and, with feedback circuitry, 
can provide constant torque irrespective 
of load. Soldering irons with heat con- 
trol can be used for a variety of purposes 
other than soldering and every piece of 
electrical equipment that runs too fast, 
gets too hot, or burns too bright for a 
particular application can benefit. 

These applications, of course, are in 
addition to those where SCR's can re- 
place relays or contactors in equipment 
where the reliability and ruggedness of 
semiconductor devices have decided ad- 
vantages. While these advantages, with 
yesterday's high -priced SCR's, seemed 
rather vague, today they take on a new 
significance. And, for the electronics en- 
gineer and technician, the widespread 
application of SCR's in volume- produced 
electrical equipment promises another, 
as yet unexplored, field of operation 
with new opportunities for all. 

M ' 

"We've found that occasionally we 
have to jog its memory." 
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ELECTRONIC 
CROSSWORDS 

By JOHN D. OWENS 

(Answer on page 110) 

ACROSS DOWN 
1. Incombustible residue left after 

burning. 
4. Types of potentiometer used 

primarily as an attenuator. 
9. Slang for equipment. 

12. Chemical suffix denoting salt. 
13. Type of FM detector circuit. 
14. One ( Scots) . 

15. Circuit having parallel R and 
C in one arm; series R and L 
in the opposite arm. 

18. Unrefined metal. 
19. conauctors: class of 

solid materials characterized 
by high resistance. 

20. Gentlewoman. 
22. You (German). 
24. One electrode of a battery. 
27. Island (French). 
28. Tolerance value of silver in 

the resistor code. 
29. That is. 
30. Like. 
31. Device having a tungsten fila- 

ment and containing mercury 
or argon. 

35. Altitude (abbr.). 
36. Visible lines on a TV screen. 
37. Secret agent. 
38. Care for. 
40. Consumed. 
41. Geological formations (abbr.). 
42. Teleost fish. 
44. Day (Spanish). 
45. Material used to maintain high 

frequency stability in a vac - 
uum -tube oscillator of a trans- 
ceiver. 

52. Part ownership in a business 
enterprise (abbr.) . 

53. Term used to indicate that 
current is being taken from a voltage source. 

54. Former name of the industry's 
engineering society (abbr.). 

55. Frequency bandwidth. 
56. American poet. 
57. System based on primary units 

of length, mass, and time (abbr.). 

1 

2 

3 

4 

5 

6 

7 

8. 
9. 

10. 
11. 
16. 
17. 
20. 
21. 
22 

23. 
25. 
26. 
28. 
29. 

. Goal. 
. Depot (abbr.). 
. Six -electrode vacuum tubes. 
. Elm or oak. 
. Friend. 

. Big body of water I abbr.) . 

. Fishes in a particular way. 
Angry (slang). 
Receiver (colloq.). 
Common word ending. 
Make a right turn. 
Sour. 
Urge. 
Operates photoelectric relay. 
Winged. 
Polyphase winding cennection. 
Dark. 
Artificial illumination sources. 
Catch sight of. 
Twitch. 
Suffix denoting chemical com- 
pounds. 
Type of volume control. 
First woman. 
Possessing non -directional 
characteristics. 
Close by. 
Prefix meaning "not." 
British for "Inc." 
Unit of force. 
Confirmation of radio commu- 
nication among hams. 
New channels (abbr.). 
Metallic element (abbr.). 
Top of a tube. 
River, in Spain. 
Silver (abbr.) . 

The (French). 

32. 
33. 
34. 

39. 
41. 
43. 
44. 
45. 

46. 
47. 
48. 
49. 

50. 
51. 

I 2 3 4 5 6 7 8 9 10 I1 

12 13 14 

15 16 17 

18 19 

20 21 

32 

28 

22 23 

29 

24 25 26 

27 30 

31 33 34 

35 36 37 

38 

45 46 

39 40 41 

42 43 

47 48 49 

44 

50 51 

52 53 54 

55 56 57 
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No 

_similarly 

7-=.- priced 

CARDIOID 

measufts up to the TURNER 

500 

THE 

You can buy microphones as good as the 
Model 500, but they cost more money. 
That's why it's wise to buy or specify Tur- 
ner for top value in a cardioid. The Model 
500 is ideal for any application where high 
quality is necessary, calling for elimination 
of extraneous noises -recording, broadcast, 
P.A. and communications use. Matched 
for stereo, unmatched for value. Ask for 

. insist on today's big value in cardioid 
microphones - the Turner 500. Available 
from electronic parts distributors, or write 
direct for complete specifications. 

MICROPHONE COMPANY 
900 17th Street N.E. 
Cedar Rapids, Iowa 

IN CANADA: Tri -Tel Associates, Ltd., 81 Sheppard Ave. West 
Willowdale, Ontario 

CIRCLE NO. 157 ON READER SERVICE PAGE 
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pick a subject 
for a great 

photograph: 

and you'll find it 

in the...1964 
PHOTOGRAPHY 
ANNUAL 

The editors of Popular Photog- 
raphy have gathered the year's 
outstanding examples of the 
art of the camera for this 
edition of PHOTOGRAPHY 
ANNUAL. There are pictures 
from the four corners of the 
earth, all pointing up the uni - 
versaliry and versatility of the 
camera. 

The 1964 PHOTOGRAPHY ANNUAL is now on sale. Get your 
copy at your favorite newsstand or camera store. Or use this 
handy coupon for ordering. only $1.25 

Ziff -Davis Service Division Dept. PA 
589 Broadway, New York 12, New York 

Please send mea copy of PHOTOGRAPHY ANNUAL 1964. I enclose $1.25, the cost of the ANNUAL, 
plus 15. to cover mailing and handling charges. (Canada & Overseas: $1.25 plus 25,U postage.) 

EW-103 

NAME 

ADDRESS 

CITY ZONE STATE 

(Add 4 ',c sales tax if N.Y.C. residant) 
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PHOTOGRAPHY 
ANNUAL 1964 

The 1964 Edition Features: 

Portfolios of five of our most crea- 
tive contemporary photographers. 
Popular Photography's choice of 

next year's Pulitzer Prize- winning 
picture. 
Dorothea Lange's "Remembrance 
of Asia" 
Pictures from Ken Heyman's new 
book, "Willie" 
Selections from the powerful "Our 
Daily Bread" show 
Famous International Portfolio - 
more exciting than ever 
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3 -Watt CB -Ham Transmitter 
(Continued from page 47) 

The front panel contains the micro- 
phone jack J1, the antenna jack J2, the 
transmitter "on" light, and access holes 
for tuning the oscillator, final amplifier, 
and antenna circuits. Immediately be- 
hind this panel is the printed- circuit 
board carrying the r.f. section. One half 
of this board contains the oscillator, 
while the other half is used for the final 
amplifier. The speech amplifier -modu- 
lator assembly is mounted between this 
deck and the rear panel which supports 
relay RL1 and the power input termi- 
nals. The speech amplifier is placed on 
a small 1.4" x 1.6" printed- circuit board 
and separated from the modulator and 
transformer T3 by an aluminum panel 
0.125" thick. The whole speech ampli- 
fier- modulator is enclosed on three sides 
with aluminum panels for shielding. For 
the same reason, the printed -circuit 
boards used are double- sided; one side 
for circuitry and the other for shielding. 
Conventional point -to -point wiring may 
also be used. In this case, a little more 
room would probably be required. 

Since transistors Q1, Q2, and Q6 dis- 
sipate almost 10 watts, they must be 
mounted so as to radiate this heat. The 
heat sink for Q1 is small, consisting only 
of a square of aluminum measuring 0.5" 
x 0.5" x 0.125", while the heat sink for 
Q2 is somewhat larger (see Fig. 3) . It 
may be machined from a piece of alu- 
minum 1" x 1" x 0.5", using a flat and 
round file. Q6 does not require a pre- 
pared heat sink, but rather is mounted 
on the small panel separating the speech 
amplifier from T3. 

Each section of the transmitter should 
be tested before assembly to insure 
proper operation. The speech amplifier - 
modulator should develop 10 volts r.m.s. 
across a 20 -ohm load with an input of 
0.5 mv. r.m.s. The r.f. portion of the 
transmitter may be functionally tested 
with a G -E #47, 6 -8 volt pilot lamp 
as a dummy load. Two watts of power 
consumed by this bulb should cause it 
to be somewhat above its normal bril- 
liance. 

Once the transmitter has been as- 
sembled, alignment is best done using 
a field -strength meter and a 0 -500 pa. 
meter. Using the field -strength meter 
and a pickup loop of 5 turns, adjust 
capacitor Cl until the oscillator has max- 
imum output. Once this is done, rotate 
the screw on capacitor C4 until the 
emitter current of Q2 is minimum. A 
corresponding rise in field strength 
should be noticed at this point. The 
last step consists of loading the antenna 
by adjusting capacitor C6 for maximum 
field strength. Application of modula- 
tion should cause the field strength to 
increase. If not, capacitors Cl and C4 
may have to be retuned slightly. 
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LEÌLB' 
NEW 1964 GIANT CATALOG 

100's of 
neuf items 
listed for 
first time 

Satisfaction 
GUARANTEED 

or your money 
backt 

I 

NO MOTET DOWN 
PLUS NEW REVOLYINf: 

CURSE ACCOUNT 

BURSTEIN -APPLEBEE CO. Dept. M, 
1012 -14 McGee St., Kansas City 6, Mo. 

I Rush me the FREE 1964 B -A Catalog. 

NAME 

ADDRESS 

CITY SATE 

I 
I 
I 

I 
I 

FOR 37 YEARS THE 
OUTSTANDING 

MOIOfflf 
eAtflOC 
BUYING GUIDE FOR: 

Stereo & Hi -Fi Systems and Compo. 
nents Tape Recorders Electronic 
Parts, Tubes, Books Phonos & Rec. 
ords Ham Gear Test Instruments 
and Kits Cameras and Film Public 
Address Citizens Band Transistor 
& FM -AM Radios. 

RUSH COUPON TODAY 
CIRCLE NO. 111 ON READER SERVICE PAGE 

SAY YOU SAW IT IN 

Eleetioii ics \\orld 

LOW -COST BUSINESS AIDS 
FOR RADIO -TV SERVICE 

Order books, invoice forms, job ticket 
books, service call books, cash books and 
statement books for use with your rub- 
ber stamp. Customer file systems, book- 
keeping systems, many others. Write for 
FREE 32 PAGE CATALOG now. 

OELRICH PUBLICATIONS 
6556 Higgins Rd., Chicago, Ill. 60656 

U.S. NEEDS 50,000 NEW ENGINEERS A YEAR! 
EARN ACCREDITED B.S. DEGREE in Science or Engineer- 
ing In 30 months -year -round program optional. 27- 
month engineering diploma also available. Classes start 
January. March. June. September. QUALITY EDUCATION. 
Graduates employed throughout the U.S. and foreign coun- 
tries. Government approved for veteran training. Students 
from 50 states, 90 countries. 20 buildings; dorms, gym. 
Campus. New library 

a n 
d laboratories. Employment help 

provided. SAVE TIME MONEY. Write for catalog 
and full Information. 

1808 E. Washington Blvd., Fort Wayne 2, Indiana 

Indiana Institute of Technology 
formerly lndrana Technical Col lege 
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Exclusive with RCA ... 

the faster, 
easier way 
toward a career 
in electronics 

Amazing home training method makes learning almost automatic 

Exclusive with RCA. "AUTOTEXT" the revolutionary home 

training method introduced by RCA Institutes, Inc., is stir- 
ring the interest of thousands. Every day, "AUTOTEXT" is 

helping people like yourself join the thousands of other suc- 

cessful electronic students who are working toward profit- 
able careers right now! This faster, easier way to learn elec- 

tronics uses the latest scientific development in the field of 
home training -and "AUTOTEXT" is exclusive with RCA. 

Tested throughout the country. This exciting new trend in 

education represents a significant advance in teaching 
electronics. People who have been interested in careers in 

electronics in the past, but have had difficulty with conven- 
tional home training methods, can now begin to master the 
fundamental principles of electronics almost automatically. 
Tested in schools throughout the country, checked out and 

proved with thousands of students, programmed instruction 
is helping people learn more quickly and with less effort. 

Prove it to yourself now! If you have a natural inclination 
or interest in the exciting field of electronics. that's all 

you need. RCA " AUTOTEXT" will help you do the rest. 
And the future is unlimited. Jobs are available for qualified 
technicians in Space Electronics, Communications, TV, 

Computer Programming, Automation, and many other elec- 

tronic fields. The important thing is to get started now! 

Complete course available. Right now, RCA Institutes offers 
you a complete Horne Training Course ( "Introduction to 

Electronics ") using the " AUTOTEXT" method. You get a 

complete set of theory lessons, service practice lessons, 

experiment lessons, and all the kits you need. And most im- 
portant, "AUTOTEXT" takes most of the effort out of learn- 

ing the all- important groundwork of the electronics field. 

Get complete information now without obligation. Send 

the attached postcard and check "AUTOTEXT ". 
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Wide choice of Home Training 
courses in Electronics: 

Autotext 
Introduction to Electronics 
Introduction to Semiconductors 

TV Servicing 

Color TV 

Communications Electronics 

FCC License Preparation 

Mobile Communications 

Automation Electronics 

Electronic Fundamentals 
(also available in Spanish) 

Computer Programming 

Transistors 

Electronic Drafting 

Industrial Electronics 
Automatic Controls 
Industrial Applications 
Nuclear Instrumentation 
Digital Techniques 

RCA Institutes Home Training Courses are complete step by step easy -to- 
understand units. You get prime quality equipment in the kits furnished to 
you, and all of it is top grade. It's yours to keep and use on the job. 

Liberal Tuition Plan. RCA Institutes Home Training Courses are available 
under a liberal tuition plan that affords you the most economical possible 
method of home training. You pay for lessons only as you order them. If, for 
any reason, you should wish to interrupt your training, you can do so and you 
will not owe a cent until you resume the course. No long -term obligations! 

Set Your Own Pace. RCA Institutes Home Training takes into consideration 
your own ability, finances and time. You learn at your own speed, in the most 
effective manner, with personalized instruction every step of the way. You get 
theory, experiment, and service practice beginning with the very first lesson. 
All lessons are profusely illustrated -a complete training package in every way. 

CLASSROOM TRAINING 
RCA Institutes Resident Schools in New York City, Los Angeles and RCA 
Technical Institute in Cherry Hill near Camden, N. J., offer classroom training 
that will prepare you to work in rewarding research and production positions 
in many fields of electronics. No previous technical training required for 
admission. You are eligible even if you haven't completed high school. 

Free Placement Service. RCA Institutes Resident School graduates are now 
employed in important jobs at military installations, with important companies 
such as IBM, Bell Telephone Labs, General Electric, RCA, in radio and TV, 
stations and in communications systems all over the country. Many other 
graduates have opened their own businesses. A recent New York Resident 
School class had 92% of the graduates who used the FREE Placement Service 
accepted by leading electronics companies, and had their jobs waiting for 
them on the day they graduated! 

Coeducational Day and Evening Courses are available at Resident Schools. 
You can prepare for a career in electronics while continuing your normal, full - 
time or part -time employment. Regular classes start four times a year. 

SEND POSTCARD FOR FREE ILLUSTRATED BOOK TODAY! SPEC- 
IFY "AUTOTEXT ", HOME STUDY OR CLASSROOM TRAINING. 

RCA INSTITUTES, INC. Dept. EW -03 

A Service of Radio Corporation of America, 
350 West 4th St., New York 14, N. Y. 

Pacific Electric Bldg., 610 S. Main St., Los Angeles 14, Calif. 

The Most Trusted Name in Electronics 
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All Transistorized, 27 Mc Band 

TRANSCEIVER 

Fujitsu Limited, Japanese manufacturer 
of telecommunications equipment, in- 
troduces you two types of the newest 
transceiver. These will make your busi- 
ness communication more speedy and 
economical and your daily work more 
pleasant. 

Type F -102P 
13 Tr., 1 thermister, 1 diode 
Frequency: any one of 23 Ch in 26.965 - 
27.255 Mc 

Power input to final radio stage: 250 mW 
Antenna: 1.5m whip type (11- section) 
Power operated by battery, Eveready 915 
(1.5V) x 6 units or AC -DC (9V) Converter 
Weight: 19.02 oz 

Dimensions: 1.6 x 2.76 x 7 inches 
Equipped with a Noise Limiter, Battery 
Indicator, Microphone and Earphone 
Provided with an outdoor Antenna, AC -DC 
Converter and Nickel- Cadmium Storage Bat- 
tery as optional accessories 
Necessary to get the license of the au- 
thorities when you use this type. 

Type F -102A 
9 Tr., 1 thermister, 1 diode 
Frequency: any one of 23 Ch in 
26.965 - 27.255 Mc 

Power input to final radio stage: 
100 mW 

Antenna: 1.5m whip type (11- 
section) 
Power operated by battery, Eve - 
ready 915 (1.5V)x6 units 
Weight: 15.5 oz 

Dimensions: 6.64 x 2.83 x 1.48 
inches 
This type complies in all respects 
with the requirements of Part 
15, Subpart E of FCC Rules. 

FUJITSU LIMITED 
Communications and ¿fectronics 

TOKYO, JAPAN 

Represented by; U.S.A. The Nissho American Corp., 80 Pine 

St., New York 5, N.Y., Phone: WHitehall 3 -7840, The Nissho 

Pacific Corp., 120 Montogomery St., San Francisco 4, Calif., 
Phone: YUkon 2- 7901/6, CANADA Nissho (Canada) Ltd.. 100 

University Ave., Toronto, Phone: EMpire 2 -4794. 
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BOOK 
REVIEWS 

"INDUSTRIAL X -RAY HANDBOOK" by Allan Lytel. Published 
by Howard W. Sams & Co., Inc. 280 pages. Price $7.95. 

This volume provides broad coverage of the industrial and 
commercial uses of x -ray radiation. The nine chapters include 
an introductory section, generating radiation, detecting 
radiation, basic principles and applications, electronic equip- 
ment and techniques, medical equipment, industrial and 
commercial uses, laboratory uses of radiation, health physics, 
gamma -ray equipment, gamma exposure time computation, 
and exposure factors. 

o d o 

"PRINTED AND INTEGRATED CIRCUITRY" by T. D. Schlabach 
& D. K. Rider. Published by McGraw -Hill Book Company, 
Inc. 400 pages. Price $13.50. 

Two specialists from Bell Telephone Laboratories have 
collaborated in presenting the fundamental aspects of 
printed and integrated circuitry from the viewpoint of the 
materials and processes involved. They provide a unified 
treatment of each of the diverse disciplines -mechanical and 
electrical engineering, graphic arts, chemistry, metallurgy, 
ceramics -which affect the materials engineering, design, 
manufacture, and evaluation of such circuitry. 

The text is divided into four sections dealing with the 
properties of the insulating substrates, the processes leading 
to a completed printed -circuit assembly, the decision -making 
aspects of the subject, and, finally, integrated circuitry and 
a discussion of past and current approaches to miniaturization 
and microminiaturization. 

There are how- to -do -it sections appended to most chapters 
to allow the reader to use this volume as a self -study text on 
the subject. 

* * * 

"MEDICAL ELECTRONIC EQUIPMENT HANDBOOK" by Donald 
A. Smith. Published by Howard W. Sams & Co., Inc. 241 
pages. Price $6.95. 

Since the role of electronics in medicine has grown so im- 
pressively in the past few years, more and more doctors, 
nurses, hospital administrators, clinical personnel, and medi- 
cal laboratory operators have found it necessary to acquire 
additional information on the equipment with which they 
must work. This volume is designed to meet this need. Not 
only are the functions and applications of each instrument 
described, but detailed principles of operation are included. 

Among the devices discussed are the spectrophotometer, 
pH meter, cell counter, and titrator as well as various diag- 
nostic and treatment equipment. For the technician, there is 

information on preventive maintenance and the repair of 
electrochemical, electromechanical, and electronic instru- 
ments used in medicine, industry, and research. 

"ELECTRONIC INSTRUMENTATION" by Sol D. Prensky. Pub- 
lished by Prentice -Hall, Inc. 528 pages. Price $13.35. 

Since the field of electronic instrumentation has all but out- 
stripped available literature on the subject, this book will 
be welcomed by a widely diversified group of scientists, engi- 
neers, technicians, and service personnel. 

The text material is divided into three sections dealing 
with the basic principles underlying electronic measuring 
and test instruments; testing and procedures for applying 
appropriate instruments in the major fields of electronics. 

ELECTRONICS WORLD 



power, high -frequency communications, and industrial mon- 
itoring for control or automation; and instrument function 
with emphasis on significant performance factors including 
capabilities within equipment tolerances and precise calibra- 
tion procedures. 

Instrument applications, with special attention to modern 
examples, is a separate and valuable chapter which concludes 
this volume. A number of appendices covering Thevenin's 
circuit theorem, a bibliography, a directory of manufacturers, 
and a glossary of instrumentation terms are also included. 

a * * 

"SERVICING MADE EASY" by Wayne Lemons. Published 
by Howard W. Sams & Co., Inc. Two volumes (Auto Radios 
-$2.95), (TV- $2.95). 

Both these volumes are characterized by the author's lucid 
and down -to -earth presentation of service material. No time 
is wasted on extraneous material and the troubleshooting pro- 
cedures are direct and to the point. Service faults are clearly 
described in terms of symptoms and ways for getting at the 
root of the trouble with the least time and effort. 

c * * 

"DIODE CIRCUITS HANDBOOK" by Rufus P. Turner. Pub- 
lished by Howard V. Sains & Co., Inc. 125 pages. Price 
$2.50. 

In this volume the author has assembled a wide variety of 
electronic circuits -some old and some new- designed or re- 
designed around modern diodes. There are eight chapters 
covering circuits for receivers, transmitters, audio, power - 
supplies, control, instruments, computers, and for a number 
of experimental projects. 

By working through the text carefully, the reader will have 
a practical knowledge of diode functions and applications 
since the circuits included represent a generous sampling of 
the uses for conventional diodes, either alone or in conjunc- 
tion with transistors, varactors, and tunnel diodes. 

ARE YOU CASHING-IN w - 
ON THE PROFITABLE 

2-WAY RADIO SERVICE BUSINESS? 
* Motorola will train you for this rewarding, elite profession * Send for our FREE EVALUATION EXAM. Prove to yourself that 

you are ready to learn FM 2 -way radio servicing. 

Opportunities in 2 -way radio servicing are virtually unlimited. 
Just one of the hundreds of successful Motorola Service 

Stations writes, "we would be pleased to interview any graduate 
of your school that has received some training in 2 -way radio 
maintenance. We are an established firm, 10 years old, with 
a promise of expansion governed by our ability to obtain com- 
petent technicians." Get all the facts today. There is no 
obligation and no salesman will call. 

IL'MOTOROLA TRAINING INSTITUTE 
4545 West Augusta Blvd. Chicago 51, Illinois Dept. AEF339 

D Send me FREE entrance exam. 

Send full details on Home Study Course on FM 2 -way Radio 
Servicing 
Send me details on how you can help me prepare for an FCC 
License. 

Name Occupation 

Address 

City Zone State 

CIRCLE NO. 138 ON READER SERVICE PAGE 

Jobs look for YOU in ELECTRONICS 
Learn FAST -Earn FAST 

MTI'S Unique, Exclusive SELECT -A -SKILL Home 
Study Training Helps You PICK YOUR JOB. 

STARTS YOU EARNING RIGHT OFF. 
Want to take advantage of Today's Biggest Opportunities? Ready 
to step into a well -paid job that can mean from 25% to 60% 
MORE PAY? Interested in being YOUR OWN BOSS -in a profit- 
able sparetime or fulltime business? All this is WAITING FOR 
YOU in ELECTRONICS -the world's most exciting and fastest 
moving industry. 

Why You Can GET READY SO MUCH FASTER 
with MTI Training 

With MTI's unique Exclusive SELECT -A -SKILL methods you 
waste no time on training you may never need. You choose the field 
you want - INDUSTRIAL ELECTRONICS, COMMUNICA- 
TIONS ELECTRONICS or RADIO and TV SERVICING! MTI 
gives you the specific training in that special field right at home, 
under the personal supervision of top- ranking experts. Best of all, 
you LEARN BY DOING - by actually working out experiments 
and building electronic equipment in your own home with MTI's 
SEVEN BIG OUTFITS and KITS that DON'T COST YOU ONE 
SINGLE CENT EXTRA! 

An Accredited Member of the NHSC 
MTI has already proved the outstanding value of its SELECT -A- 
SKILL home study training through the success of thousands of 
men of all ages. Most of them had no previous experience. Few 
had more than a high school education -many hadn't gone that far. 

MAIL COUPON TODAY for FREE BOOK and 
SELECT -A -SKILL OPPORTUNITY FINDER 

The coupon brings you MTl's big, fascinating book, "Pick Your 
New World of Opportunity in Electronics," plus the unique Select - 
a -Skill Opportunity Finder that takes the guess work out of your 
future -gives all the facts about the kind of jobs open, salaries and 
what you need to step into YOUR BIG OPPORTUNITY in double - 
quick time. Mail coupon NOW! 

MASSEY TECHNICAL INSTITUTE 
(An Accredited Member, Notional Home Study Council) 

Dept. 7- AR -02, Jacksonville, Fla. 

Right Where Everything That's New in Electronics is Happening 

October, 1963 

. . 
. 

4.01 

SKILLS PAY BILLS 
Take no chances! 
With millions unem_ 
ployed there's NO 
PLACE for men 
who lack the special 
skills so vital today! 
Let MTI give you 
the training you 
NEED to insure 
your future! 

CIRCLE NO. 135 ON READER SERVICE PAGE 

(i, l 
'MAIL COUPON NOW 

MASSEY TECHNICAL INSTITUTE 
Dept. 7- AR -02, Jacksonville, Fla. 
Please rush to me. without obligation 
your FREE n00íí "Pick Your New 
\World of Opportunity in Electronics" 
PLUS your SELECT -A -SKILL Op 
portunity Finder. 

Name 

Address 

City Zone. . State 
(PLEASE PRINT) 
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LOW-COST SOLID -STATE POWER SUPPLY 
By GARY A. LEHMANN / Sylvania Electronic Systems 

Design and construction of well -regulated, low -ripple, 
short -circuit -proof supply delivering 6 volts at 200 ma. 

THE inherently low power requirements of transistors 
have revitalized interest in battery power supplies. 
But even with the availability of the new alkaline en- 

ergizers and the resurrection of the Edison cell for electronic 
use, some of the undesirable facets of battery operation 
remain. Inexpensive primary batteries, such as the zinc -car- 
bon type, show a gradual voltage drop during their service 
life. Secondary batteries, such as lead -acid and alkaline cells, 
bring the inconvenience of recharging and of dealing with 
corrosive solutions. These are just some of the reasons for 
adopting a reliable a.c.- line -operated power supply. 

The power supply to be described was originally designed 
to energize a secondary frequency and time standard. Output 
voltage varies 0.6% for line -voltage variations between 105 
and 125 volts with constant load; load variations from 0 to 
200 ma. are regulated to within 0.2%. The a.c. ripple is down 
to 2.7 mv. r.m.s. or 0.004% at a load of 100 ma. This perform- 
ance, together with lack of sensitivity to short circuits in 
the Ioad, makes the supply attractive for bench use where it 
can replace lantern batteries or other electro- chemical ener- 
gizers for all but the most exacting pure d.c. work. The new- 
comer in electronics who has not yet accumulated a supply of 
used parts can finance this project for about $15.00. For the 
technician or hobbyist with a well- stocked junk box, this cost 
could easily be reduced by at least one half. 

Circuit Selection 

Since the supply is meant to replace a battery with a con- 
stant non- adjustable voltage, and since simplicity and low 
cost were prime objectives, a shunt- regulator circuit seemed 

FI 

117 VAC 
81-470 ohm, 1 w. res. 
R2 -75 ohm, 5 w. wirewound res. 
CI -2000 µf., 25 v. elec. capacitor 
C2- -2000 pf., 6 v. elec. capacitor 
FI -1 /4 amp. fuse with mounting 
SI- S.p.s.t. toggle switch 
PLI -6.3 o. pilot light (No. 47) 
CR1 -250 tow. zener diode, 5.7 v. 

nominal (1N706) 

CR2, CR3, CR4, CRS - Selenium 
bridge rectifier, 1.5 amp., 36 v. 
a.c. max. (International 
Rectifier J14C1 or equiv.) 

T1 -Fil. trans. 117 v. pri.; 12.6 v. @ 

2 amp sec. (Stancor P8130 or 
equiv.) 

Ql -Power transistor (2N301 or 
2N307) 

Fig. 1. Circuit diagram of author's shunt -regulated supply. 

advantageous. Although series regulators with adjustable out- 
put voltages may be more attractive for certain applications, 
their design is more complex and their cost is higher. Unless 
current -limiting features are included, the series -regulating 
transistor is usually destroyed before the fuse can blow in 
case of an accidental short -circuit. A shunt regulator is in- 
herently short -circuit -proof and its shortcomings are out- 
weighed by its simplicity, ruggedness, and low cost. 

Because zener voltage regulators of the required capacity 
are, as yet, somewhat expensive, the circuit as shown in Fig. 
1 was selected. Q1 acts as an emitter -follower whose input 
voltage is the breakdown voltage of CR1 which may be a 

low -current inexpensive type. R,, represents the load re- 
sistance for this emitter -follower. Q1 may be any one of the 
popular car -radio power -amplifier types, such as a Sylvania 

2N301 or 2N307, with a collector dissipation of 8 to 10 watts. 
Zener diodes between 150 and 250 mw. are suitable for CR1. 

For a good approximation, it can be assumed that the 
source impedance of this power regulator will be less than 
that of the breakdown diode alone but cannot be less than the 
saturation resistance of Q1. Typical zener diodes of the 250 - 
mw. type have a dynamic impedance of 2 to 5 ohms. Since 
the saturation resistance of a typical power transistor such as 
the 2N301 is less than 1 ohm, this promises better regulation 
for varying load current than that offered by the diode alone. 
However, because CR1 is still performing the regulating ac- 
tion for variations of the d.c. voltage from the bridge rectifier 
d.c., Q1 will not offer any improvement in that respect over 
a simple shunt -regulated power supply using a breakdown 
diode of higher current capacity. 

As can be seen from Fig. 1, a short in the load will only 
reduce the collector current of Ql to a minimum while open 
terminals result in maximum collector current. The latter can 
be limited to a safe level by selecting proper circuit values. 

Because of the current amplifying action of Q1, the collec- 
tor current of Q1 is determined to a greater degree by base 
bias than by the emitter -to- collector voltage. If this base bias 
were pure d.c., the collector current would be almost pure 
d.c. even though the emitter -to- collector voltage may contain 
considerable ripple. Thus, with a d.c. bias at its base, Q1 has 
a filtering effect comparable to that of a capacitor. It can be 
seen from Fig. 1 that Q1 is biased by the breakdown voltage 
of CR1. Furthermore, R1 and CRl form a voltage divider as 
far as any ripple is concerned. The ratio of dynamic imped- 
ance of CRl to R1 is indicative of the ratio by which the rip- 
ple content is divided, hence is indicative of the filtering 
action. 

Since the design objective is direct current with a minimum 
of ripple, it appears worthwhile to take advantage of the 
"capacitor booster" effect of Q1 and add a capacitor across 
CR1. Using a somewhat oversimplified approach, a 2000 -µf. 
capacitor in the base of Q1 would have the effect of 2000 x 
h,. = 2000 x 70=140,000 µf. in the collector circuit of Q 1. 

This is a formidable figure. Unfortunately, the internal base 
and emitter resistances of Q1 are in series with this "virtual" 
capacitor thereby reducing its filtering action. 

To investigate long -term stability for the supply voltage, a 
number of factors must be considered. The operating voltage 
of a zener regulator diode varies with the operating tempera- 
ture. This temperature depends, among other things, mainly 
on the power dissipation \which is the product of zener voltage 
and zener current, and on the ambient temperature. Fortu- 
nately for diodes in the 5- to 6 -volt range, the temperature 
coefficient is quite low -on the order of -0.0 to +0.02 per- 
cent per degree C. Another important item is the base -to- 
emitter voltage of Q 1 (Vt,.) which also varies with tempera- 
ture. The zener diode coefficient of temperature is low, and 
the device has low thermal capacity; operating temperature 
is reached soon after turn -on. 

Q1 is derated considerably; therefore, the temperature of 
its junction does not rise appreciably and a small heat sink 
does not take long to assume a temperature balance. The 
base -to- emitter voltage has a negative coefficient of approxi- 
mately -2.5 mv. / °C for germanium and also varies with the 
collector current. Typical Vbe is 0.3 volt which is only 5% of 
the total emitter -to- collector voltage. With only a moderate 
increase in junction temperature it can be expected that the 
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voltage drift chie to variations of V. will 
be considerably less. (Actual figures 
taken after construction were approxi- 
mately 0.05% change during the first 15 
minutes. After this period, output volt- 
age remains essentially stalle. 

Since both series as well as shunt -reg- 
ulator circuits operate: by Varying the 
voltage drop across an internal resistor, 
to keep the voltage drop across a varying 
load resistance constant the input volt- 
age to the regulator circuit must always 
be in excess of the output voltage. As a 
good rule -of- thumb, the input voltage 
should be 50 to 100% higher than the out- 
put voltage. For a supply voltage of 6 
volts, a 12.6-volt, 2- ampere filament 
transformer (a standard item) is se- 
lected. As long as sufficient surplus volt- 
age is available and selenium bridge 
rectifiers are more reasonably priced 
than their silicon counterparts, a sele- 
nium stack, full -wave bridge type, rated 
at :36 Volts a,c. and 1.5 amp (max.) is 

chosen. This keeps operating tempera- 
ture and aging problems to an absolute 
minimum. 

Construction 
The circuit was wired and evaluated 

under varying load and a,c'. line condi- 
tions. The predicted performance Was 
realized. The power supply was 
mounted on the chassis that \was selected 
to carry the various modules of the sec - 
ondary frequency and time standard, 
mentioned earlier. A phenolic circuit 
board carries R I, R2, CRI, the bridge 
rectifiers, and !31 with its heat sink. To 
conserve space, the transformer, fuse, 
and filter capacitors were mounted be- 
low the chassis. 

The actual output voltage of the 
power supply turned out to be 6.:3 Volts. 
Standard zener diodes are sold with a 
107 voltage tolerance. Units with closer 
tolerances carry a much higher price tag. 
For the specific application of this power 
supply, the 0.3-volt increase in output 
voltage was of no consequence. 

October, 1963 

NEW SONY CITIZENS BAND TRANSCEIVER 

WITH SEPARATE HEADSET AND MICROPHONE 

The new SONY CB -106 transceiver is unique in the Citizens Band 
field. With 10 transistors for extreme reliability and sensitivity, 
it includes a transceiver chassis and separate foam cushioned 
headset with adjustable microphone. Your hands are always com- 
pletely free, since the set is keyed with a fingertip cable release. 
The chassis is out of the way, too, suspended in a shoulder case 
and belted around the waist. Battery operated and with a range 
of up to 6 miles, the CB -106 includes chassis, headset- micro- 
phone, microphone cable release, shoulder case, batteries. 

$199.95 per pair. $99.95 each 

SONY CORPORATION OF AMERICA 
580 Fifth Avenue, New York 36, N.Y. 

Regional Offices 
Western: 500 West Florence Avenue. Inglewood, Calif. 

Central: 4959 W. Belmont Ave., Chicago 41, III. 

CIRCLE NO. 

Gentlemen: 
Please rush me full Beta is on the new 
SONY CB -106 Citizens (Band transceiver. 
Name 

Address 
City zone state 

SONY Corporation of America 580 5th Ave., N.Y 36, N.Y. 
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BULK TAPE REELS! 
1000 LOT PRICES 

(assorted) 

,! 3' 111.,' hub) 4120 
3a_," (114" hub) 6120 31,," 115 16" hub) '' Geloso'' type - 1OC 

3s s" IDCJur- Stenoreffe type) 11C 
4" (154" hub) 111'ZC 
5" (13.4' hub) 12C 
5" (3" hub) 171/2C 
53/4' (13/4" hub) 17C 
514" (2?n" hub) 18C 
7' (21/4" hub) .................. 14C 
7" (214" hub) Heavy Duty 6 spoke 161/2C 
7" (4" hub) professional type 180 
1012" (metal) NEW 1.44 
1012" (metal) USED .72 
1012" (fiberglass) st" center hole .84 tat 2'" (fiberglass) 31/4" center hole .84 
Write for complete 4 Track Stereo Catalog and Whole- 
sale prices for blank tape a recorders. 

SAXITONE TAPE SALES 
1776 Columbia Rd.. N.W. Washington 120009). D.C. 

year -round program 
tiinall colle . . . four quarter s mils completion 
of B.S. Degree in 36 m its. Lr :nrrnp: Electrical 
l electronics or peser option I , AL chanical. Civil, Chem - 

cal. Aeronautical. Bu,r,,,,s A..r'i ni.stratiun: Grncral 
Nosiness. Accounting. Motor Transportation Adminis- 
tration. One -year DraftingDasign Certificate program. 
Outstanding placement of graduucs. Professionally ori- 
ented. Pounded 1884. . . rich L. r'''ge. Excellent lac - 
ulrv. Small classes. 200 acre campus. Well-equipped 
labs. New library. Residence halls. dindes! costs. Enter 
,tan., March. June. Sept. SVtitr J. 11. McCarthy. Direr - 
tor of Aaml,sio,, 

IR 111 

1 
I 

ii 1 t:ollege Avenue Angola. Ind. 
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WHAT IS 

By JOSEPH TUSIrSKI 
Senior Technical Instructor 
Technical Institute, Norfolk College of William and Mary 

A review of an important circuit concept for the 
technician who wants to brush up on his theory. 

71I1E CONCEPT of "Q" is probably 
one of the most misunderstood in 

electronics and yet it might be consid- 
ered just as important as Ohm's Law. 
The average technician will state that 
it is a "figure of merit" or possibly the 
ratio of inductive reactance to the re- 
sistance of a circuit. The first definition 
is, of course, true in all situations; how- 
ever, the second definition will hold only 
for a specific case. 

The restrictive definition of "Q" is 

brought about by the early training a 
technician receives in the study of tuned 
circuits. In this study the resistance of 
a circuit is distributed in the inductive 
branch of the circuit, as shown in the 
equivalent circuit of Fig. 1B. This is 

(A) (B) 

F g. 1. Tuned circuit and its equivalent. 

normally the condition that Nvould exist 
in a conventional tuned circuit, and other 
possibilities that could exist are disre- 
garded either temporarily or perma- 
nently. 

The resistance is depicted as a lumped 
unit in series with the remainder of the 
secondary series -resonant circuit. The 
secondary is considered a series -resonant 
circuit by virtue of the induced voltage, 
which is considered to be in series with 
the inductance. 

Energy & Power 
If we may think of "Q" in terms of 

the energy- storing ability of a circuit in- 
stead of X,. /R, then a feeling for what 
"Q" actually means will result. It may 
be stated that "Q" is a ratio of the energy 
stored in the circuit to the energy that is 
being lost in the circuit. The power that 
is lost is usually in the form of heat. 

The reader may have noticed the use 
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of the words "power" and "energy" in 
the preceding statements. It should be 
remembered that energy is the ability 
to do work; whereas power is the time 
rate of doing work. The reactive ele- 
ments have the ability to do work if some 
load (resistive) is applied to them. The 
resistance of the circuit dissipates this 
energy in the form of heat, i.e., the en- 
ergy lost is the power it takes to produce 
the heat. When dealing with very low 
voltages this heat, of course, is of a 
magnitude that may not be felt with 
the fingers. 

Referring to Fig. 1B, it is obvious that 
the only factor common to all of the ele- 
ments in the circuit is the current, where 
the voltage is in series with the circuit. 
Then applying our definition to the cir- 
cuit we may say that the "Q" of the series 
circuit is the ratio of the reactive power 
to the real power or 
"Q" = reactive power /real power. 

The reactive power may be expressed 
as l'X:. and the real power may be ex- 
pressed as PR for the inductive branch. 
The "Q" of the capacitance branch may 
also be stated as PX. IrR, but in this case 
the resistance of the capacitive circuit 
at the lower radio frequencies may be 
considered zero. Therefore: 

(1'X,.) /(1'R) = XL /R 
and: (PX,) /(I'R) = X, /R = Go. 

It can be seen that the expression is 

the very familiar X, /R, but what about 
the capacitive element? Actually this 
situation may be likened to two resistors 
in parallel. This is shown in Fig. 2. 

The "Q" of the capacitive branch is 

considered to be infinite at the lower 
frequencies where the resistance of the 

Fig. 2. Parallel -circuit equivalents. 

t 

QroTAL [ QxL 

tT 
Qxc 

(A) (B) 

circuit is low. The "Q" of the inductive 
branch is considered to be finite and 
therefore is the controlling factor in re- 
spect to the energy- storing ability of the 
circuit. 

Let us now examine the case of a 
parallel circuit in which the voltage is 
applied across both L and C. Let us 
assume that the resistance of the circuit 
appears in parallel with the circuit as 
shown in Fig. 2B. 

In this case, the resistance of the in- 
ductor, which is still present, will be con- 
sidered to absorb negligible power corn- 
pared to that absorbed by the parallel 
resistance. This time the voltage is com- 
mon to all elements of the circuit and we 
will use E/R and E2 /X to determine the 
power and "Q" of the circuit. 

In this case, either X. or X, may be 
used to determine the reactive power 
(energy) for in a resonant circuit the 
total energy is either stored in the mag- 
netic field of the inductor or one -half 
cycle later it will be all stored in the 
electric field of the capacitor. Then: 

"Q"= reactive power /real power 
= (E' /Xi.) / (E' /R). 

Inverting and then multiplying, 
"Q" = (E' /X,.) x (RIE') = R /X,.. 

From this result it may be seen that 
the definition stated earlier for the case 
of a series resistor is just the inverse of 
the definition developed for the case of 
a parallel resistor. Note further, that for 
maximum "Q ", the resistor value should 
be as low as possible in the series case 
and as high as possible in the parallel 
case. 

The "Q" of a circuit may be deter- 
mined by measuring its effectiveness in 
a circuit. A high - "Q" circuit will respond 
very sharply at its resonant frequency 
and the voltage or current will be "Q" 
times the applied voltage or current. 
Typical values of "Q" may average about 
100 at the lower frequencies, and may 

FALL OFF DUE TO 
SKIN EFFECT 

r- DESIGN CENTER 

INCREASES AS XL,. 2nfL 

FREQUENCY INCREASING -- 
Fig. 3. Variation of "Q" with frequency. 

reach 300 or more in some transmitter 
tank circuits. One reason for the higher 
"Q's" in transmitter tank circuits is the 
use of large conductors which have a 
lower a.c. resistance. 

The "Q" of a typical resonant circuit 
may vary over a band of frequencies as 
shown in Fig. 3. 

As mentioned, the "Q" may be deter- 
mined by a measurement of the circuit 
response, that is, how sharply the circuit 
responds at its resonant frequency. The 
"Q" may be determined by measuring 
the half -power ( -3 db) response of a 
circuit, i.e., where the current or voltage 
of the circuit drops to .707 of the current 
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Who says 
you can't 
afford 
an organ 
this 
Christmas? 

This New Feature - Packed 1964 Model Of The HEATHKIT 
2 Keyboard "Transistor" Organ Costs Just $349.95.. . / AND YOU CAN BUILD IT! 

What a delightful surprise on Christmas morning! And there's endless 
hours of fun, relaxation, education and achievement ahead for the 
whole family with Heathkit's 1964 version of the famous Thomas 

Organ. You'll be saving big money too, by easily building it yourself! No 
experience necessary! And you're assured long, faithful performance with 
the full 5 -year warranty on tone generators. Can't play a note? Learn quickly 
and easily with a complete 48- lesson self -teacher course on 4 LP records 
(GDA -232 -2) that's valued at $50 ... it's yours for only $19.95! Like to 
hear it perform? Send 50e to the address below, and ask for demonstration 
record GDA -232 -5. Plan now to give your family the exciting dimension of 
live music with the 1964 Heathkit Electronic Organ this Christmas! 

Kit GD -232R, Organ, 160 lbs., no money dn., $23 mo. $349.95 
GDA- 232 -1, Matching walnut bench, 16 lbs., no money dn., $5 mo.. $24.95 

Attention Heathkit Organ Owners! Add Variable Repeat Percussion to your 
Heathk it Organ with the easy -to- install kit. 

GDA- 232 -4, 1 lb 

L 

only $9.95 

COMPARE THESE FEATURES 
WITH UNITS COSTING 

TWICE AS MUCH! 

* 10 True Organ Voices; Trom- 
bone, Reed, Flute, Oboe, Cornet, 
Violin, Saxophone, Horn, Viola, Dia- 
pason * New! Variable Repeat 
Percussion; produces effects of 
banjo, marimba, mandolin, balalaika, 
etc. * Variable Bass Pedal Vol- 
ume Control * Manual Balance 
Control; adjusts volume of keyboards 
in any degree for solo work * Vari- 
able Vibrato sic Standard Expres- 
sion Pedal; adjusts volume from soft 
to full * 13 -Note Heel & Toe Bass 
Pedals * Two Over -Hanging 
Keyboards; each with 37 notes, 
range C thru C * Beautiful Walnut 
Cabinet; modern styling, hand - 
rubbed, hand -crafted * 20 -Watt 
Peak -Power Amplifier & Speaker 
* Compact Size; 341/2" H x 39'/" W 
x 21V' D * Transistorized; for 
longer life, better tone, trouble -free 
operation. 

NEW! FREE 
1964 HEATHKIT CATALOG 
See all the latest products in 

Enclosed is $349.95, plus post- 
age, please send my Heathkit 

HEATH COMPANY, Benton Harbor 15, Michigan 49023 

Heathkit's eacitirg line. Over Electronic Organ, model no. 
250 do-it-yourself electronic 
kits in all ... by fer the world's 

GD -232R. 
Name 

largest line! There's some 
thing for every interest . . . 

stereo /hi-ti . . . marine . 

Enclosed is $24.95. plus post- 
age, please send matching 
walnut bench, model no. 

(please print) 

Address amateur radio .. test and lab GDA- 232 -1. 

City Zone State 

. television . home . . . 

and hobby. Send for your free Please send my free copy of 
copy today, and learn how you 
can save up to soy. 

the new 1964 catalog. 

J 
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Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS Fan- 
tastic Bargain Packed Catalog-Unheard 
of LOW, LOW. DISCOUNT PRICES on 
Brand Name Speakers. Changers, Tubes, 
Tools, Stereo Amps, Tuners, CB, Hi -Fi's, and 
thousands of other Electronic Bargains. 
Credit plan available. 

NAMF 

ADDRESÇ 

CITY ZONE - -STATE 

If you have a friend interested in electronics 
send his name and address for a FREE sub. 
scription also. 
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ADVANCE ELECTRONICS 
SILICON CONTROLLED RECTIFIERS TESTED! 

PRV 
70 

140 
200 
250 
300 

7 AMP 
1.75 
2.25 
2.50 
3.00 
3.35 

25 AMP 
3.00 
3.50 
3.75 
4.00 
4.35 

PRV 
350 
400 
450 
500 
600 

7 AMP 
3.75 
4.25 
4.65 
5.10 
5.85 

25 AMP 
4.65 
4.95 
5.35 
5.60 
6.25 

SILICON RECTIFIERS (Stud) 
PIV 2 AMP 6 AMP PIV 2 AMP 6 AMP 
100 .50 600 .95 1.50 
200 .75 800 1.25 2.00 
300 .50 .95 900 1.50 2.35 
400 .60 1.15 1000 1.80 2.75 

NPN- Germanium MESA Transistors 
F max -250 Mc- BV -10V . .10/5.00 100/41.50 
Mixed Transistors . 10 /1.00 
MADT Transistors . 

4/1.00 
Germanium Diodes... Computer type --$8/ 100 
UHF Diode.... 1N82A-LD128 10/2.50 

VAR ACS 
11/1 AMP 5 50 10 AMP 18.95 
2 AMP 7 49 20 AMP 24.95 

PANEL METERS 
4" SQUARE 

AC- VOLTS -0 -2: 3: 5 
10; 15: 25- 
50 3.95 ca. 
0.711 & 15 5.95 ca. 

AMPS - 
O-1: 2: 3 5.95 ca. 

DC -MA- 
0-50; 100 5.95 , a. 

VOLTS -300; 500: 
600 5.95 ea. 

4 ROUND 
AC- VOLTS- 

0-50 3.50 ea. 
MA -O -150 ..3.50 ea. 

OC- VOLTS -O -25: 300: 
500 3 50 ea. 

3" RD-AC 
0-100 MA 2 95 ea. 
0-130 VOLTS ..3 95 ea. 
0-5 AMPS (marked 150 

A) 3 95 ea. 
3" RD-DC 

0.150 V & 300 V (Dual 
Seale) Weston 5.25 ca. 

3' SQ.-DC 
0-5 MA 3 95 ea. 

3 RO-DC 
0-150: 200; 

250 MA 4.25 ea. 
0-20 MMA Weston 5.25 ea. 
10-0-6+ DB . . .4.50 ea. 

2 RD-DC 
0-1 MA . 3.95 ea. 

11 z.' 50.-DC 
0-1 MA 
0-100 MMA . .. .3.95 ea. 

CO -AX CABLES 
RG -8 /U -$7.25 /C.FT. $65.00 /M.FT. 
RG - S8 / U -$4.49 / C.FT. 
RG -59/ U- $4.49 /C.FT. 
DC REGULATED POWER SUPPLY -Hi quality! 
Input -105 -120 V AC 60 Cy -Out 250 V DC 
(A 300 MA ±1°- . full load Mounted on Relay 

Rack Panel 19x12x7..24.95 ea. 3 for $60.00. 
TRANSISTOR CHARACTERISTIC PLOTTERS - 
Displays r12- h12 -r22, less Scope $99.50 ea. 
PLATE TSFMR. 1100 V CT. G1 250 MA. 115 

PRI . $5.49 ea. 
BLOWER Squirrel Cage type -27 V DC or 30 

AC- Filtered, 7.000 RPM packed in reusable 
can $3.95 ea. 

All Shipments FOB NYC 

ADVANCE ELECTRONICS 
79 Cortlondt St., New York 7, N.Y. RE 2.0270 

CIRCLE NO. 101 0.. °revtnr MI AO. 
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or voltage at resonance. Between the 
half -power points a certain range of fre- 
quencies has been covered and, by defi- 
nition, this is termed the "bandwidth" 
of the circuit. This is shown in Fig. 4. 

F :-om the response of the circuit, the 
"Q" may be expressed as: "Q" = reso- 
nant frequency/bandwidth or 

= frr (f- - 
For example, if a circuit would be 

assumed to be tuned to 1000 kc. and the 

- -- --(00% 

--70.7% OR .707 

¡ 

if (E OR I) 
LOW-Q 

HIGH-0 \I 
1\ 

BELOW RESONANCE.- 1, f2 °ABOVE RESONANCE 

-M BANDWIDTH -- 
Fig. 4. Higher "Q's" mean narrow bandwidths. 

half -power points were measured at 
1005 kc. and 995 kc., the "Q" of the cir- 
cuit would be: 1000 / (1003 -9931 
1000 / 10 = 100. 

A great number of commercial "Q" 
meters base their operation on this sim- 
ple fact, while others work on a pre - 
calibrated method of measuring the 
degree of response of a circuit or com- 
ponent on the resonant rise of voltage 
appearing across the circuit or compo- 
nent. 

TESTING USED TUBES 

By THOMAS R. HASKETT 

FVERY service sloop gradually ac- 
4 quires a stock of used but undis- 

carded tubes. 
There are legitimate occasions for us- 

ing them, if their condition can be veri- 
fied. For example, suppose a recondi- 
tioned TV set is being sold for S40. It is 
economically unsound to insert many 
new tubes as needed replacements, where- 
as good used ones conform to an honest 
description of the merchandise. The 
problem is passing judgment on doubtful 
stork rather than ning it. 

Even a good tube tester is not always 
conclusive. The method recommended 
here provides added evidence along with 
peed and efficiency, especially with an 

accumulation. First. used tubes are sorted 
according to type. Then they are tried in 
a receiver. 

Consider a batch of 01(1 3E' l's, for ex- 
ample. Mart by hanging a voltmeter 
arras-. the set's filtered "II -" output: 
Olen take a reading lsitli a new 51 t (or 
more than one) to Ileterneine normal 
voltage. Next run the doubtful 5I' 1's 
through the rectifier socket, ' after an- 
other. Cheek collage and such f t- as 
changes in raster size, fortis, and beiglet- 
ne... This is a practical and dyn: lest. 

The method work- with other tubes 
and functions. Tite criteria -sueh as sig- 
nal strength. 'se. s' Ile stability, and 
audio output- depend tin normal appli- 
cations of the type. The test is efficient 
because a n her of similar tubes can 
be cleesked and compared in quick suc- 
cession. It is reliable because actual work- 
ing conditions are used instead of arbi- 
trary ones. Finally, a tube that fails need 
not continsse to take up space and gather 
dust, because it can be discarded without 
guilt or doubt. 
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handy for instant reference - with this 
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"-TRON" TEASERS 

-AN ELECTRONIC QUIZ 
By ROBERT K. RE 

How many electronic devices do you know 
that end with the suffix "- tron "? Check your 
knowledge of the field with this quiz. 

QUITE a few devices used in electronics today were 
named using the suffix " -tron" (electron, cyclotron, etc.) . 

Out of the many words with this ending, can you match each 
" -troll" listed below with its proper definition or description? 
Then check your answers on page 110. 

A. Thyratron 
B. Klvstron 
C. Crvotron 
D. Tonotron 
E. Megatron 
F. Dekatron 

G. Charactron 
H. Phantastron 

I. Ignitron 
J. Magnetron 

K. Chromatron 
L. Dynatron 

M. Strobotron 
N. Trochotron 
O. Monotron 
P. Parametron 
Q. Compactron 

1. This special tube is used to generate TV test signals 
when stations are off the air. ( ) 

2. A gas -filled device, this counting tube is widely used 
in digital circuits. ( ) 

3. High currents are rectified in the electroplating industry 
with this mercury- cathode diode. ( ) 

4. Much older than a tunnel diode, this four -electrode tube 
exhibits negative resistance in oscillator circuits. ( ) 

5. Widely used in r.f. circuits, this u.h.f. transit -time triode 
is called a "lighthouse" tube because of its shape. ( ) 

6. Once fired, the grid in this gas -filled tube ceases to 
have control over plate current until plate voltage is removed. 
( ) 

7. This is the general name for beam -switching tubes. It 
describes the path of the electron in the tube. ( ) 

8. Operating near absolute zero temperature, this super- 
conducting switching element shows great promise for new 
computers. ( ) 

9. This linear sweep generator, once triggered, will keep 
itself turned on until the sweep is completed. ( ) 

10. Crossed magnetic and electric fields are the key to the 
operation of this high -power, high- frequency oscillator. ( ) 

11. A new device, this special CRT is a direct -viewing 
storage tube. Information can be stored for long periods, yet 
quickly erased. ( ) 

12. This new class of computer circuits uses multiple phase 
"clock" signals to perform Majority logic operations. ( ) 

13. Having one or more tunable cavities, this high -fre- 
quency tube "bunches" the electrons to produce oscillations. 
( ) 

14. This neon lamp is capable of generating short bursts of 
high- intensity light. ( ) 

15. A special color CRT, this tube has only one gun and 
uses phosphor strips in place of phosphor dots. ( ) 

16. Using a special mask and beam- shaping plate, this 
CRT cati generate symbols on its face. ( ) 

17. This new 12 -pin subminiature, multi- function vacuum 
tube is finding wide use in electronic equipment. ( ) 
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MOST EXCITING AUTOMOTIVE 
1111 DEVELOPMENT IN 50 YEARS! 

AECAo77 TRANSISTOR 
IGNITION SYSTEMS 

AEC -77 TRANSISTOR IGNITION gives a hot fast spark at every plug, because 
it eliminates the area where ordinary ignition systems lose power. 
Here's how: - 
With ordinary ignition, slow engine cranking sends breaker -point tem- 
peratures soaring - up to 2000° F or more. This high heat forms an 
insulating oxide coating on the breaker points, so the plugs just don't 
get enough power to ignite the fuel. 
AEC -77 SOLVES THE WHOLE PROBLEM by pushing the high current charge 
through a transistor instead of through the points. The points just trigger 
the transistor. They're subjected to much lower current so they don't get 
hot, don't coat up. It's that simple - that's why it works every time. 
INCREASED ENGINE POWER BY 10% IS ONLY ONE ADVANTAGE. AEC77 
gives 15% extra miles per gallon, faster warmups, instant starting in 
any weather, permits smoother idling, boosts horsepower, makes plugs 
and points last over 75,000 miles, eliminates 3 out of 4 tune -ups, com- 
pletely waterproof, simple 20 minute installation, and pays for itself in 
10,000 miles usage. At $39.95 it's a real buy ... and it fits any car, 
domestic or import. 

WORLD CHAMPION RACING DRIVER 
PHIL HILL REPORTS 

1 was impressed with your AEC -77 Tran- 
sistor Ignition. Rarely does a device come 
along that improves power, performance 
and economy at the same time. 

PROVEN IN OVER 2,000,000 MILES OF TESTING, AEC -77 IS DEPEND- 
ABLE IN PERFORMANCE, DESIGN AND ENGINEERING. HERE'S WHY: - 
TRANSISTORS: General Motors Delco type _.2N1358A -1100A transistors are 
used in every AEC 77. They are the finest high power 15 ampere 150 
watt transistors available with voltage ratings in excess of 100 volts. 
Peak current loads in any transistor ignition can go as high as 15 
amperes. AEC 77 handles these peak current loads safely by using a 15 
ampere 150 watt transistor, assuring you of high reliability and depend- 
able performance ... while others use 10 ampere 90 watt transistors 
that cannot safely handle these 15 ampere current overloads, and can 
fail prematurely. 
ZENER DIODES: Motorola type T1N2836B 50 watt zener diodes are used 
in every AEC 77. They protect the transistors from failure due to high 
voltage spikes generated in every ignition system. .Peak power loads on 
the zener diode in any transistor ignition can exceed 25 watts. AEC 77 
uses a 50 watt zener diode to protect the transistor for safe dependable 
long life operation ... while others use a 10 watt zener diode that can 
overheat and fail to protect the transistor, causing premature failure. 
IGNITION COIL: Transistor 77 (400:1) ignition coil is capable of producing 
up to 40,000 volts at all engine speeds. Every coil is wound with Form - 
var insulated wire, impregnated first with an epoxy resin, and then oil 
impregnated and hermetically sealed in the highest grade transformer 
oil. The Transistor 77 coil has the strength of epoxy molded coils plus 
the superior cooling and insulative qualities of oil filled coils ... while 
others use inferior tar filled coils that cannot handle the power loads 
AEC 77 delivers. 
BALLAST RESISTOR: Constructed of space age ceramics and virtually in- 
destructible, is a self regulating 250 watt .3 to .9 ohm ballast resistor 
that saves you the trouble of adjusting the breaker points. Regardless of 
point setting, the new AEC 77 Ballast Resistor will automatically regulate 
and supply the proper amount of voltage and current to the ignition 
coil at all times. 

SEND YOUR Use the coupon, attach a check or money order, 
and you'll receive your AEC -77 Transistor Igni- 

ORDER NOW! tion in a few days ... comnlete with a 3 year 
- guarantee in writing. Or, send for the free 

brochure, it's filled with facts on transistor 
ignitions, their installation and operation. 

AEC -77 Transistor Ignition ... 6/12 volt $39.95 
AEC K -4 Do It Yourself Kit ... 6/12 volt $32.95 
Transistor 77 (400:1) Ignition Coil $11,95 
Ballast Resistor, 250 watt .3 to .9 ohm, variable ppd. $1.95 
AEC Positive Ground (British Cars) ... 6/12 volt $54.95 

Please add 75c for postage and handling! 25% on C.O.D.'s 
AEC 387 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 

Industrial & Commercial Inquiries Invited 

AEC LABORATORIES, INC. 
387 PARK AVENUE SOUTH NEW YORK 16 N. -Y. 

NAME 

ADDRESS 

CITY ZONE STATE 
AEC -77 For Negative ground 6/12 v $39.95 
AEC -77P For Positive ground 6/12 v $54.95 
Kit $32.95 400:1 Coil $11.95 Ballast $1.95 
FREE BROCHURE ON AEC 77 SYSTEMS. EW -103 
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Checking Separation 
(Continued from page 37) 

Each input goes to the primary of a 
stepdown input transformer. These 
transformers have two equal secondary 
windings. Sum and difference voltages 
are formed by putting one secondary 
winding from each transformer in series 
with each other, one connection series - 
aiding and the other series- opposing. 
The two diodes and non -polarized elec- 
trolytic capacitor rectify the sum and 
difference voltages and produce the av- 
erage peak voltage. If the sum voltage 
is consistently larger than the difference 
voltage the voltage across the capacitor 
will be positive. If the two voltages are 
the same, the capacitor voltage will be 
zero, and if the difference signal is 
greater than the sum signal, the voltage 
at the capacitor will be negative. A zero - 
center microammeter is connected across 
the capacitor and indicates the polarity 
and amplitude of the capacitor voltage. 

Two series potentiometers at the input 
are useful for reducing the sensitivity of 
the circuit. The input transformers are 
of the stepdown type and serve to match 
the low impedance of the capacitor - 
meter load to higher impedance sources 
such as 600 -ohm broadcast studio lines 
or cathode- follower outputs. The input 
impedance of the circuit is about 10,000 
ohms at 1000 cps and .2 volt at both in- 
puts will deflect the meter full scale. 

The diodes used should be of the high 
forward conductance type to minimize 
loss of sensitivity with the low- imped- 
ance meter used here. If maximum sen- 
sitivity is not required, just about any of 
the germanium diodes will be satisfac- 
tory in this application. 

Applications & Operation 
This type of separation meter, vari- 

ously called a "phase meter," a "phase 
coordinator," or a "phase comparator," 
provides a simple and effective way of 
comparing the phase of any two audio 
signals or components. It may be used 
to measure the phase of any two audio 
signals or components. It may be used to 
measure the phase and stereo effective- 
ness of stereo discs, tapes, broadcasts, 
and microphone setups. 

To operate the meter, connect each 
signal channel to the input terminals, 
being careful to use the same terminal 
of both inputs for the same side of the 
input line. The meter is connected to the 
terminals of any loudspeaker or power 
amplifier. The 4 -, 8 -, or 16 -ohm termi- 
nals may be used. Increasing the imped- 
ance of the tap used will increase the 
sensitivity of the meter. The tap 
should be selected to avoid excessive 
pinning of the meter pointer. The meter 
may also be connected across any 600 - 
ohm line and is used in the same manner 
as a standard vu meter. Transformer in- 

put circuitry maintains the line's isola- 
tion from ground. The meter inputs may 
also be connected to the output jacks of 
almost any audio- frequency device, in- 
cluding preamplifiers, tape recorders, 
tuners, and multiplex adapters. How- 
ever, it is recommended that the meter 
be disconnected or switched off between 
readings to avoid the possibility of con- 
tinuously overloading these units. 

With the inputs properly connected, 
the meter pointer will move from the 
center position into the in -phase or out - 
of- phase region of the meter scale, de- 
pending on the character of the input 
signals. If the pointer remains in the cen- 
ter area, it means that the input signals 
are completely uncorrelated, their phase 
has no significance, and the separation 
ratio is 1. Excessive deflection of the 
meter pointer in the positive direction 
indicates a highly correlated or mono- 
phonic record with a separation ratio 
close to zero. The amplitude of positive 
meter deflection is therefore a measure 
of the stereo effect and indicates a range 
from excessive separation to excessive 
blending. Any consistent deflection of 
the meter to the left or negative half of 
the scale indicates a presumably unde- 
sirable out -of -phase condition. 

Every system of stereo components 
should be checked for proper phasing 
before being permanently installed. If all 
program sources, including monophonic 
ones, result in an out -of -phase deflection 
of the meter at the loudspeaker termi- 
nals, then power amplifiers, speaker 
leads, or preamplifiers are out of phase. 
Unless a phase switch is provided in the 
stereo control center this condition can 
be corrected only by reversing the leads 
to one speaker (but not to the meter). 
If monophonic records produce an out - 
of -phase indication but other program 
sources do not, phasing of the stereo 
pickup cartridge should be checked and 
the leads to one set of cartridge termi- 
nals reversed. Similarly, the leads from 
a tape playback or record head can be 
reversed to correct an out -of -phase con- 
dition originating there. Out -of -phase 
broadcasts, records, or tapes can be cor- 
rected only by installing a phase reversal 
switch in the system or by manually re- 
versing the leads to one speaker for the 
duration of the out -of -phase program. 
It is also possible to phase loudspeakers 
by using two phased microphones and 
the meter. 

One of the most useful applications of 
the separation meter is in the adjustment 
of the separation or dimension controls 
found in many multiplex tuners and 
adapters. Sometimes the adjustment is 
found on the front panel and sometimes 
at the rear, but in either case these con- 
trols are extremely difficult to adjust by 
ear using broadcast program material. 
With the meter, however, the adjustment 
can be accomplished in seconds, without 
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special generators, using the stereo pro- 
gram material as broadcast. Simply ro- 
tate the control until the point where 
the needle tends to remain at its center 
position is found. This corresponds to a 

separation ratio of 1 and is excessive. 
Then turn the control the least amount 
that will cause the needle to flick con- 
sistently to the right. This corresponds to 
a separation ratio of .8 or .9 and should 
therefore provide the optimum listening 
enjoyment. This adjustment can be re- 
peated for several stations and several 
different types of program material to 
find the best compromise adjustment, or 
if the meter is connected all the time, 
the control may be reset for each selec- 
tion played. 

Modern Batteries 
(Continued from page 36) 

gas. This is done by designing the cell 
with an excess ampere -hour capacity in 

the cadmium electrode and arranging 
the geometry of the cell so that oxygen 
can reach the cadmium electrode. When 
the battery is charged, the nickel elec- 
trode reaches full charge first and starts 
to generate oxygen. The oxygen thus 
formed reacts with the cadmium to form 
cadmium oxide. 

During overcharge, the cadmium elec- 
trode is oxidized at a rate just sufficient 
to offset input energy, thus keeping the 
cell in equilibrium. The cadmium elec- 
trode never becomes overcharged, so no 
hydrogen gas is formed. 

Silver -Cadmium Cells 

Still in the developmental stage, sil- 
ver-cadmium batteries promise to pro- 
vide about double the efficiency of 
nickel -cadmium types. In working units 
thus far devised, 24 wh /lb. has been 
achieved, compared to about 12 wh /lb. 
for nickel- cadmium cells. Their theoreti- 
cal efficiency, not yet approached in 
practice, is about 150 wh /]b. 

Finding a suitable separator for the 
silver -cadmium cells has been a difficult 
problem. Various materials were tried, 
ranging from cellophane to sausage cas- 
ing. However, although these prevent 
silver migration, they become loaded 
with silver and become oxidized. Multi - 
layer membrane systems have been used, 
but these tend to increase resistance. 

In view of the progress already made, 
it appears certain that silver- cadmium 
cells will find active use in the future. 
Their voltage during the first 40 percent 
of their discharge cycle remains constant 
at about 1.3 volts, but drops sharply to 
about 1.1 volts during the rest of the 
cycle. By cycling over only the first part 
of its capacity, good regulation can be 
maintained. Shelf life is also excellent, 
and the batteries can be made non -mag- 
netic, an important feature for some 
applications. 
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rIllwvTV' 
CHECK 

CITIZENS -BAND 

r 

TRANSMITTERS 

WITH THE 

LAMPKIN 
105 -B 

FREQUENCY METER 

INEXPENSIVE -ONLY 
5260.00 NET. 

EVERY CB CLUB SHOULD 
HAVE ONE. 

CALIBRATIONS FREE FOR 
ALL 23 CB CHANNELS. 
WITH NEW METER. 

PORTABLE AND RUGGED 
-WEIGHS 8 LBS. 

ACCURACY BETTER THAN 
0.0025 %. AMPLE FOR CB. 

I'`I,I.XIBLE -('AN BI; USED 
FOR OTHER MOBILE. 
RADIO MEASUREMENTS 
FROM 100 EC TO 175 MC 
AND UP. 
NO ADDITIONAL CRYS- 
TALS OR FACTORY 
ADJUSTMENTS EVER 
NEEDED FOR OTHER 
FREQUENCIES. 
TIME PROVED DEPENDA- 
BILITY. THOUSANDS IN 
USE -SINCE 1938. 

TO LEARN MORE, AND HOW YOU CAN EARN MONEY CHECKING FREQUENCIES FOR OTHERS... 

MAIL COUPON TODAY! 

LAMPKIN LABORATORIES, INC. 
MFM Division, Bradenton, Florida 
At no obligation to me, please send free 
booklet "HOW TO MAKE MONEY IN 
MOBILE -RADIO MAINTENANCE" and data 
on Lampkin meters. 

NAME 

ADDRESS 

CITY STATE MFM Division BRADENTON, FLORIDA 
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THE MOST WIDELY 
USED MOBILE - 

RADIO FREQUENCY 
METE R- 

*THE LAMPKIN 
105-B 

LAMPKIN LABORATORIES, 
INC. 

HI -FI COMPONENTS 
TAPE RECORDERS 

SLEEP LEARN KITS 

MERITAPE 
Law cost, high quality recording 
ape, n b oxen or cans. 

lir.ì FREE 1963 CATALOG 

DRESSNER 1523 JERICHO TPKE. 
NEW HYDE PARK 16 N.Y. 

FREE 
CAREER BOOKLET 
to guide you to 
a successful future in 
Engineering and 
Engineering Technology 

Write for your copy! 

MILWAUKEE SCHOOL 
OF ENGINEERING 
Dept. EW -1063 
1025 N. Milwaukee St., Milwaukee, Wis. 

Tell me about an engineering career through 
residence study in: 

Electrical Mechanical 

Name Age 

Address 

City State 
SIS-204 

L J 

STROMBERG 
CARLSON 64 WATT 

STEREO AMPLIFIER SALE 
REGULAR McGEE'S 
$199.50 PRICE 99.95 

M3o, sho.'hd ,rIua,i I'urrha" Sale: 

ud ino 

New. Pu, 
I 

n 
,vt, ,.d ,a cant 1:t watts ,,r eiannell Stereo-IJ . 

dmplilier. 9udel A SIt 'Nn,. It'.. all there Is I 

LIalilt' and ,alne. Niacin to Sell at $200.00. McGee 
offers them for only $99.95. Metal Cover, $5.95 
extra. \t,,,k, ..il., an. record changer and tuner. t-.,- 
'Ith ul Iii -FI -t,e:á;,a... only 500 to sell, ord., 

now. shipping' .eight Ibs 

im 
b inat''n offer: \ .It -Nw,. I I watt Stereo in'tt r 

th Garrard Type 'A." Shure Mill . rdge and 
Site pl,en. Ito li wide- range l'-'" speaker., all too 

for only $285.40. 
Wood I,a.e to, Type A. $4.95. LR53, 45 RPM spindle, 
53.80. I,e \\';,;,1 \ s',:ifi FM -AM self -powered tuner, 
$54.50 extra. 

SPECIFICATIONS 
The Stromberg- Carlson ASR -880 is one of the most 
Powerful stereo amplifiers available at any price. 
Designed with the flexibility of a recording studio 
control panel. each channel has individual tone con- 
trols and professional mixer-type separate volume 
controls which operate in conjunction with the master 
gain control. Specially engineered output transformers utilize massive, grain -oriented steel cores for ex- 
ceptionally good low frequency power handling with mimum distortion. In rating the ASR -880 a leading 
test laboratory reported "A pleasant surprise came In 
measuring the power output of the ASR -880. Each 
channel delivered 50 watts at 2% harmonic distor- 
tion, or 48 watts at 1% distortion. This is unusual 
in an amplifier rated at 32 watts per channel. Only 
0.6 or 0.7 millivolts at the phono inputs will drive 
the amplifier to 10 watts output per channel. At 
normal gain settings of the unit the hum level is better than 70 db below 10 watts even on phono input. This is completely inaudible. The ASR -880 
has a rare combination of very high gain and very 
low hum. The amplifier has a number of special 
features such as center channel output and a 

v 
ry 

effective Channel -balancing system. as well as the 
usual stereo functions found in all good amplifiers." 
Sensitivity: Tuner, 0.2V; Magnetic Phono. 2.5MV; 
Ceramic Phono. 0.4 V. Input Impedance: Tuner /Aux.. 
1 megohm; Magnetic Phono, 47K ohm; Ceramic 
Phono /Tape. 2.2 megohm. Output impedances Of 4, 
8 and 16 ohms on both Channels and 8. 16 ohms 
across 4 ohm taps on Center speaker. High imped- 
ance output for tape recorder. Tone control range: 
Bass (50 Cps) plus Or minus 17 db; Treble 120kc1 
plus or minus 15 db. Two AC power outlets. one 
switched. Overall size. 13í'2" x 4s's" High and 13. a" 
deep. Tubes: 4 -7355. 2 -7199. 4- ECC -83's. Gold finish 
metal front panel with gold color knobs. 

WRITE FOR McGEE'S 1964 176 PAGE CATALOG 

McGEE RADIO CO. 
1901 McGee St., Kansas City 8, Missouri 
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GREENLEE CHASSIS PUNCHES 
Make accurate, finished holes in 11 /, 
minutes or less in metal, hard rubber 
and plastics. No tedious sawing or 
filing -a few turns of the wrench 
does the job. All standard sizes . . . 

round, square, key, or "D" shapes for 
sockets, switches, meters, etc. At your 
electronic parts dealer. Literature on 
request. 

GREENLEE TOOL CO. GAENLEE 

2027 Columbia Ave., Rockford, Illinois 
CIRCLE NO. 124 ON READER SERVICE PAGE 

Power Output Measurements 
(Continued frone page 56) 

price from $40 to $200 or more. 
If you are a radio amateur or CB en- 

thusiast, you will find the less expensive 
reflectometers and multi- function 
bridges quite adequate for your pur- 
poses. If you are a professional com- 
munications service engineer, you will 
probably require the higher accuracy of 
the more expensive instruments. 

Use will also determine which type of 
meter you want. If you are reading 
strictly transmitter power capability on 
the bench and into a dummy load, the 
straightforward wattmeters are all you 
will need. 

For base -station communications 
equipment employing a single fre- 
quency, feeding a high -quality resonant 
antenna with very low standing -wave 
ratio, the simple wattmeter will be suffi- 
cient. But, for multi -channel equipment, 
or wherever antenna matching problems 
may be encountered- reflectometer or 
in -line types of meters are much to be 
preferred because of their ability to read 
both forward and reflected waves. 

Instruments of the in -line type, which 
are to be left in the line, should be con- 
sidered as part of the transmission line 
when tuning a line to an antenna, espe- 
cially at high v.h.f. and u.h.f. frequen- 
cies. If they are removed from the line, 
an equal length of coaxial cable should 

be fitted with the same type of connec- 
tors and installed in its place. 

Where antennas require tuning, the 
best procedure is not to whack away at 
the feedline, inch by inch. Instead, do 
this: First, tune the transmitter to a 
wattmeter equipped with a dummy load 
equal in impedance to the system you 
are using. Next, if the antenna requires 
tuning, cut the antenna to the desired 
length for the principal frequency being 
used. Do not attempt to alter the design 
of the antenna. Install it according to 
the manufacturer's recommendations. If 
this is done, you can be fairly certain 
the v.s.w.r. of the antenna will be less 
than 2 to 1. If you measure the v.s.w.r. 
and find it less than 2 to 1, leave it alone. 
You won't improve communications no- 
ticeably by any matching techniques. 
But, if you are finicky about v.s.w.r. and 
have nothing better to do, whack away. 
Who knows, you may achieve what the 
author once heard on CB, "My v.s.w.r. 
is less than 1 to 1!" 

REFERENCES 

1. Hewlett -Packard Company, 1501 Page Mill Road, 
Palo Alto, Calif. 

2. The Triplett Electrical Instrument Co., 286 Har- 
mon Rd., Bluffton, Ohio 

3. Simpson Electric Company, 5200 W. Kinzie St.. 
Chicago, Illinois 

4. Electro Impulse Laboratory, Inc.. 208 River St.. 
Red Bank, N.J. 

5. Continental Electronics & Sound Co., Inc., 6151 
Dayton -Liberty Road, Dayton 18. Ohio 

6. Bird Electronic Corporation, 30303 Aurora Road, 
Cleveland 39, Ohio 

7. General Radiotelephone Co., 3501 W. Burbank 
Blvd., West Burbank, Calif. 

NOW AVAILABLE! 
2SÁ12 Germanium PNP Drift -Type Transistor 

VcE 

Designed specifically for R.F. stage amplifiers & con- 

verters in car radio applications. 

RFA 
2SA72 

CONY 
25572 

T 

VEB IC IE Tj 

18 v. 0.5 v. 5 ma. 5 ma. 75°C 

ICBO 

(VcB=-18 v.) 
12 pa. 

To A G C 

.,-ro P.S. 

h¡'e fat, 

(VcE=6.v. 
IE=1 ma.) 

20-280 

40 Mc. 

P.G. 
(1 mc.) 

40 db 

DESIGNED FOR - 
* High Sensitivity 

* Immunity to Shock & Vibration 

* Lifetime Operation 

* Characteristics Guaranteed 

Increase the performance and de- 
pendability of car radio sets with 
TOSHIBA shock and vibration -proof 
semiconductors -respected for their 
quality and reliability by designers 
and engineers the world over. 

Send for FREE CATALOG with speci- 
fications and suggested applications. 

comcshiha 
QUALITY SINCE 1875 

Tokyo Shibaura Electric Co., Ltd. 

Tokyo, Japan 

WRITE TODAY TO 

MITSUI & CO., LTD. 

Toshiba Electronic Sales 
530 Fifth Avenue, New York 36, N.Y. 

OR TO THE OFFICE NEAREST YOU: MITSUI & CO. (CANADA) LTD., The Board of Trade Bldg., Suite 802, 11 Adelaide Street West, TORONTO 1, ONTARIO, CANADA. MITSUI & CO., 

LTD., 510 West Sixth Street, LOS ANGELES 14, CALIF. MITSUI & CO., LTD., Room 1240, Board of Trade Bldg., 141 West Jackson Blvd., CHICAGO 4, ILLINOIS. MITSUI & CO., LTD., Room 

735, Texas National Bank Bldg., 1300 Main Street, HOUSTON 2, TEXAS. MITSUI & CO., LTD., Room 304, Merchants Exchange Bldg., 465 California Street, SAN FRANCISCO 4, CALIFORNIA. 
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Variable Electronic 
Gain Control 

By JOHN POTTER SHIELDS 

HERE are times when it is desirable 
1 to vary the gain of an audio amplifier 

by a d.c. control voltage as in the case of 
audio limiters, volume expanders, etc. 
The usual approach to this problem in- 
volves the use of dual- control multi -grid 
tubes. While these tubes do permit some 
degree of control, they introduce consid- 
erable distortion when operating at or 
near cut -off. 

The circuit ( Fig. 1) is capable of pro- 
viding good control action and intro- 
duces very little distortion in the signal 
being controlled. This results from con- 
trol of the audio signal by variable de- 
generation feedback which possesses 
inherent distortion- reducing qualities. 

In operation, the audio signal to be 
controlled is applied to the grid of V1 
via isolating capacitor Cl. R1 is the grid- 

4UD10C 
IN 

R3 

Ó 
D.C. 

CONTROL 
SIGNAL 

AUDIO 
OUT 

Fig. 1. Lower triode acts as a variable 
resistor to control audio -stage output. 

return resistor for V1, its lower end being 
returned to the bottom of R2 which pro- 
vides cathode bias for Vl. 

Instead of going to ground, the lower 
ends of Rl and R2 connect to the plate 
of V2, the variable degeneration d.c. 
control tube. V2 operates as a variable 
resistance with its value depending on 
its grid voltage. As V2 grid voltage is 
macle increasingly negative, its effective 
internal resistance increases. Since V2 
is in series with V1 cathode circuit, its 
resistance will determine the amount of 
degeneration and hence the gain of V1. 

The signa] appearing at the plate of 
VI is coupled to the following stage via 
C2, while R3 serves as the V1 plate load 
resistor. 

Any medium -mu triode, such as the 
6SN7 or 12AÚ7 will work in this circuit. 
Plate supply voltage ranging from 90 to 
250 volts will be satisfactory. 
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one way or the other, 

you gain the most with 

antenna specialists' 

Maker 
MR 77 (27 Mc) 

Vertical /Horizontal -Beam Antenna 

Now you can instantly match up your base antenna 
to work mobile and vertical bases or hor zontal 
base beams by simply switching from vertical to 
horizontal polarization through separate coax feed- 
ers. The dual- direction versatility of the "Match - 
Maker" will give you a powerful 7 db. vertical for- 
ward gain. Switch to the horizontal beam and you 
get a 6 db. forward gain. Either way, you get a 

15 db. front to back ratio. 

Everything about the "Match- Maker" is rugged. 
Sturdy, heat -treated aluminum boom and elements 
plus oversize clamps to hold elements firmly in 

place give it the structural strength to withstand 
100 mph winds. Only 121/2' high with a boom 
length of 10', it weighs an easy -to- handle 24 lbs. 
If you're interested in VSWR, it's 1.5:1 or less, 
either horizontally or vertically. 50 ohms, gamma 
matched. All components are color -coded for 
simple, fast, accurate assembly. 

CIRCLE NO. 

the 
antenna 

specialists a 
co. 

Antenna Division, 

12435 Euclid Ave., Cleveland 6, Ohio 

Manufacturers of Antenna Specialists 
brand base and mobile antennas for ama- 
teur, professional and CB. Custom design 
broadcast and professional installations. 

f %& 
c/rIOFs . 

u/e alos r9 zs . 
The portable power gener- 
ator with only one moving 
part. Alternator principle. 
1000, 150, 3000 wltt 
models. Write for complete 
information. 

10a ON READER SERVICE PAGE 

SEND ELECTRONICS WORLD 

EVERY 

MONTH 

i:htironicsllorl(l 

name 

address 

city 

state 

zone 

Check one: 3 years for $12 
2 years for $9 1 year for $5 

In the U.S., and possessions. 
Payment enclosed E Bill me 

Foreign rates: Canada and Pan American Union 
countries, add 50C per year; all other for- 
eign countries, add $1.00 per year. 

New n Renewal 

Mail to: ELECTRONICS WORLD 

Dept. 1-1111, 434 S. Wabash Ave. 
Chicago 5, III. 
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NEW PRODUCTS 
& LITERATURE 

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 15. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

OVERLOAD -PROTECTED V.O.M. 
1 The Triplett Electrical Instrument Co. is 

I now offering a new y o.m., Model 630 -PLK, 
with a transistorized electronic switching circuit 

that guards against ac- 
cidental burn -outs. 

The high -sensitivity 
unit features ±3% ac- 
curacy on d.c. and 
±4% on a.c. A single 
selector switch pro- 
vides greater ease in 
changing ranges. The 
instrument is protect- 
ed from stray magnet- 
ic fields by the firm's 
exclusive self- shield- 
ing bar -ring move- 
ment. 

The Model 630 -PLK is usable with frequencies 
through 500 kc. A special diode network across 
the meter protects against instantaneous transient 
voltages. The transistorized switching circuit bat- 
tery is checked for proper operation automat- 
ically by using the XIOOK ohms range. The unit 
measures 3- 11/32" x 51/2" x 71/2" and comes with 
leather carrying handle and leads. 

PORTABLE DIRECT -WRITING RECORDERS 

2 

American Optical Company is marketing a 
line of portable single -, two-, and three - 

channel direct -writing recorders for on- the -spot 
recording in the plant. field, or laboratory. 

The Series 290 offers a unique high -torque. 
low -inertia pen motor along with the electronics 
to provide outstanding frequency response-am- 

plitude ch:uacicri,tic. frequency rc.pon.c is cn- 

senti:illc flat from d.c. to 90 cps at full 30 
disisi.iu amplitude. down only 3 db at 125 cps. 

Th.-se recorders are completely self- contained. 
All units oiler push- button selection of four chart 
speeds -l. 5. 20. and ]00 met. /sec. Plug -in ampli- 
fiers have a sensitivity range from 5 nuy. to 5 v. 
per chart division. Direct- carbon -transfer writing 
method offers fine definition and uniformity of 
trace over the wide frequency range and through- 
out all chart speeds. 

1 -MC. FREQUENCY STANDARD 
3 Reeves- Hoffman Division has developed a 

line of packaged frequency sources that in- 
cludes comp let cls integrated, precision crystal 
oscillator circuity and proportionally controlled 
ovens. 

One such unit is the Model S2284 -1. a 1 -mc. 
frequency standard which measures only 2" x 2" 
x 4.75 ". Stability is 1 x 10-9 r.m.s. per second 
measured over a period of one minute (with 
proportional control oven). Aging is 1 x 10 -9 per 
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day. and frequency deviation over the operating 
ambient temperature range of 0 to 65 degrees C 

is given as 2 x 10 -9, with reference frequency at 
25 degrees C. Frequency deviation with a change 
of 5% in the supply voltage is 5 x 10 -9 and the 
frequency trim range is sufficient for five years. 

LABORATORY OSCILLATOR 

4 
Optimation, Inc. has released the Model 
RCD -4, an ultra -pure sine -wave oscillator 

featuring extremely low distortion and flat fre- 
quency response over the range of 0.1 cps to 99.9 
kc. Patented circuitry produces an open -circuit 
output of 5 colts r.m.s. kith maximum distortion 

01 .III',r from 90 cps to 211 kc, and .03',e at 211 

cps and 99.9 kc. 
Output frequency (in calibrate position) is ac- 

curate within ±1% from 1 to 50.000 cps and 
within -1-1.5% from 50 kc. to 99.9 kc. It is inde- 
pendent of line or load variations and changes 
less than ±.(125% per degree C. Direct in -line 
dialing and readout provide exact resettability 
and fast frequency selection. Illuminated num- 
bers and a traveling decimal point eliminate 
frequency reading errors. 

AEROSOL CONDUCTIVE PAINT 
E Epoxy Products Incorporated is suffering sil- 

ver- fillet) conductive paint in aerosol cans. 
This means of application eliminates the an- 
noyance. waste. and inconvenience of brush -on 
conductive paints. Because of the added expense 
of the aerosol can. it is not practical for pro- 
duction -line application but is designed primar- 
ily for prototype. laboratory, and field use. 

The coating is flexible and can be used as 

shielding on Mylar ribbon circuits as well as on 
circuit modules or components as electromagnetic 
shields. 

ROD -TYPE THERMISTORS 

6 
Thermonetics Inc. has introduced a new se- 

ries of rod-type tlucrosistors designed for 
measurement and control applications in high- 
temperature environments up to 500' C. They 

feature greater sensitivity, linearity, and resist- 
ance-ratio tolerances to +0.5%. 

Ceramic encapsulated, with a hermetic seal 
and axial platinum leads, the units are suited 
for use in corrosive fluids, contaminated at- 
mospheres, or wherever high temperatures and 
corrosion are encountered and close ratio toler- 
ances desired. 

VIDEO VOLTMETER 

1 
Ballantine Laboratories announces a new 
Model '311 video voltmeter, a linear -scale. 

instrument designed for accurate measurements 
of 100 .uv. to 300 volts or up to 10.000 volts with 

optional accessories, over a range of frequencies 
from 10 cps to 6 mc. Signals as low as 30 µv. can 
be measured in the "null detector" mode. 

The indicating meter has two linear voltage 
scales and one decibel scale. Signal input may be 
made to a coaxial connector or to binding post. 
Conservative design results in expected life he- 
tween calibrations in excess of 30011 hours. The 
instrument may be used as a 60 -db gain amplifier 
over the band of 10 cps to 6 mc. Portable or rack 
models are available. 

LOG -PERIOD ANTENNA 

8 
Jerrold Electronics Corporation's Distributor 
Sales Division is now marketing the new JTP 

Series "Paralog" v.h.f. antennas for TV and FM 
applications. The new antennas combine log -pe- 
riodic principles and modular parasitic element 
systems, producing an unamplified TV antenna 
gain of up to 16 db while retaining the log - 
periodic characteristics of bandwidth and im- 
pedance. 

Eleven antenna models are currently available: 
7 non -amplified and 4 electronically amplified. 

PRINTING TAPE PUNCH 
sNavigation Computer Corporation is now 
offering the Model 1010AN alphanumeric 

printed tape punch which features a full 1000 - 
foot tape transport system, easily read bottom 

margin printing. 8 -hole punching at 10 charac- 
ters per second. and a full 49 -key alphanumeric 
keyboard which has the complete EIA Standard 
nomenclature and coding. 

The unit is 75% electronics, with a printed - 

circuit keyboard and coding matrix.. All sequence 
tiering is generated by semiconductor circuitry. 
hence the unit readily operates into and out of 
standard transistor logic levels. 

FOUR -LAYER LIGHT SWITCHES 

10 
International Rectifier Corporation is offer - 
mg a new series of two-terminal subminia- 

ture light- activated silicon switches, extending 
the light- sensitivity-to -fire range to 3000 foot - 
candles. Designated types FL3S1 through FL3S25. 
the silicon switch series offers maximum block- 
ing voltages (forward and reverse) from 12 to 
250 volts at 75 degrees C and maximum transient 
peak reverse voltages from 20 to 350 volts at 75 

degrees C. 

11 

TV CAMERA TUBE 
Amperex Electronic Corporation has entered 
the TV camera tube field with the Type 8483, 

a one -inch vidicon capable of 900 -line resolution. 
Incorporating a new, low -power heater (only 
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0.6 watt at 90 ma.). the 8483 is especially suited 
for use in transistorized cameras where heat dis- 
sipation and power requirements must be kept 
to a minimum. 

The tube can be used in black- and -white or 
color TV canneras in closed- circuit industrial, 
medical. and broadcast applications. It will pro- 
duce usable pictures with face -plate illumina- 
tion levels of 0.1 footcandle. 

12 

SOLDER GLASS KIT 
Corning Glass Works is marketing a solder 
glass kit containing. powdered glass and a 

liquid suspension vehicle, especially for college 
physics laboratories and other high -vacuum re- 

search facilities. 
The kit provides a simple means for experi- 

menters to build their own vacuum -tube struc- 
tures out of soft glasses with expansions in the 
range of 80 to 100 x 10-7 /'C. musing the solder 
glass to seal caps and headers to the tube body. 
The kit is offered in one- and five -pound sizes. 

13 

ULTRA- MINIATURE CAPACITORS 
Sprague Products Company is offering a 

smaller. low -cost electrolytic capacitor, the 
Type TL "Transi- Lvtic" especially for replace- 
ment applications in low- voltage circuits. 

This miniature plastic -encased capacitor uti- 
lizes a special low -leakage current construction to 
meet the special requirements of transistor cir- 
cuitry. They are available in a wide range of 
capacitance values in voltage ratings from 3 to 
25 w.v.d.c. 

CABLE ANALYZER 

14 
Micro Balancing, Inc. has announced avail - 
ability of Une "Mark -75" portable transis- 

torized cable analyzer which is capable of testing 
75 circuits for continuity, shorts, and leakage 
resistance in two seconds. 

The unit checks for circuit resistance in foin' 
ranges from I to 311 ohms and analyzes cables 

for leakage at 500 volts d.c. from each conductor 
to all others and ground in four ranges from 10 

to 300 megohms. A wide range of "go. no -go" 
limits in leakage resistance :Ind conductivity, may 
be selected. Each circuit can he analyzed indi- 
vidually or in a step mode with any desired 
dwell time or all circuits may be checked with 
a single rapid stroke of the lever. 

U.H.F. TV TUNERS 
1 

E 

Standard Kollsman Industries, Inc. has en- 
gineered a new u.h.f. television tuner. Series 

U, for the OEM market. Features are extremely 
low noise (average 9 db), lote drift, low micro- 
phonics, ease of mounting. compactness, and long 

life. They will fit all receivers using the standard 
43 -etc. i.f. The Model U uses a 6DZ4 oscillator 
tube and silicon diode mixer. For u.h.f. converter 
manufacturers, the company is offering a com- 
parable unit as the Model UC. 

16 

DESOLDERING IRON 
Enterprise Development Corp. is offering its 
\lode) I00 -A desoldering /resolde'ing iron 

which is designed to reduce the time for elec- 
tronic circuit repairs. Requiring only one hand 
to operate, the iron features a unique and simple 
vacuum pickup of melted solder that leaves ter- 

minals and mounting holes clean. With solder 
extracted, parts can be removed quickly and 
without damage. Resoldering may then be done 
with the same iron. 

U.H.F. CONVERTER 

11 
Sony Corporation of America is now offering 
an all -transistorized u.h.f. converter, Model 

VUC -411'. The new unit has been designed so 

that all -channel reception is possible on the 
firm's "Micro -TV" Model 5 -30W or the 8 -inch 
TV Model 8- 3(11\V. 

The converter weighs 13 ounces and is available 
with carrying case and antenna. Its power is 

supplied from the TV set. Although the con- 
verter has its own attached u.h.f. antenna, jacks 
are provided for an external antenna in fringe 
areas. 

18 

ELECTRONIC ANSWERING DEVICE 
Phonomatic, Inc. is now marketing the 
"Phoneminder Secretary," an electronic an- 

swering machine that answers an office phone 
automatically. One of the answering units being 
offered allows the reception of recorded messages 
from anywhere in the world. By dialling the 
office number. while out in the field, :uul pressing 
the button on a cigarette- package -size remote 
control unit, a coded signal repeats the pre- 
viously recorded messages. 

HI -FI - AUDIO PRODUCTS 

SLIM SPEAKER KIT Radop 
o 

on has a slim 
19 lineFisher speaker 

io riot 
its 

Corporation 
f "Statakitsadded " as the 

- 

KS -2. 

This 3- speaker system features a 12" free- piston 
woofer with a half -roll cotton surround and 6 Ib. 
magnet structure. Free air resonance is 25 cycles. 
The 5" mid -range has a butyl -coated surround 
and is sealed off in back to avoid interaction with 

BUY QUALITY! BUY DIRECT from MAJOR BRAND TUBE Co. 

FREE 

POSTAGE! 
1 -YEAR 
GUARANTEE! 
FREE! 
RCA 
CHEATER 
CORD 
On All 
ordere 
Of SR.Of1 
Or \lore! 
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FREE 

FREE 

FREE 

TRANSISTOR 
RADIO 

With Every 
1 *der ill 

100 Or Klore 
Truhe.! 

"MAJOR BRAND" TUBES are the finest 
USED or FACTORY SECONDS available! Why settle for 
less? Manufacturers, distributors. schools, servicemen 
use and endorse MAJOR BRAND TUBES everywhere! 
Listed Below Is A Partial Listing Of The Thousands Of 
Tube Types Ready For Immediate Delivery: 

Individually Boxed! Code Dated! Branded! 
OZ4 5J6 6BN6 6X4 
1A7GT STS 6ßQ5 6X5GT 
1H5GT 5U4 6BQ6 6X8 /A 
1LN5 5U8 6BQ7/A 7A4 /XXL 
1N5 5V4G 6BU8 7A5 
1R5 5X8 6BY6 7A7 
1T4 5Y3GT 6BZ7 7A8 
1U4 6Aß4 6C4 7AU7 
1U5 6AC7 6CB6 /A 7B5 
1X2 6AF4 6CC6 7B7 
2AF4 6AG5 6CD6G /A 7C5 
2BN4 6AH4GT 6CG7 7F8 
2CY5 6AH6 6CM7 7N7 
3AU6 6AL5 6CQ8 SAWS /A 
3BC5 6AM8 /A 6CU6 SCS7 
3ßN6 6AN8 /A 6CU8 8CM7 
3BU8 6AQ5 /A 6DE4 12A8GT 
3BZ6 6A85 6DQ6 12AB5 
3CB6 6AT6 6DT6 12AD6 
3CS6 6AT8 /A 6EA8 12AT6 
3DK6 6AU4 6EB8 12AT7 
3DT6 6AU5GT 6F6G1 12AU7 
3Q5GT 6AU6 /A 6GH8 12AV5 
3S4 6AU8 6J5 12AX7 
3V4 6AV5CA 6J6A 12AZ7 
4BQ7A 6AV6 6K6GT 12BA6 
4BS8 6AWS /A 6K7 12BE6 
4BZ6 6AX4 6L6 12BL6 
4CB6 6AX5GT 6SL7GT 12BQ6 
5AM8 6BA6 6SN7 12BY7 /A 
SANS 6BC5 6SQ7 12CA5 
5AQ5 6BC8 6T4 12CU5 
5A88 6BE6 6T8 /A 12CU6 
5AT8 6BG6G /A 6U5/6G5 12D4 /A 
5BK7A 6BH6 6U8 /A 12DB5 
5BR8 6GH8 6V3A 12DQ6 
SCGS 6BK5 6V6GT 12DT8 
5CL8A 6BK7A /B 6W4GT /A 12K7GT 
5CZ5 6BL7 6W6GT 12L6GT 

12Q7GT 
12SA7 
12SK7 
12SN7GT 
12SQ7 
12V6GT 
12W6GT 
12X4 
13DE7 
13DR7 
14A7 
14B6 
14Q7 
17AX4 
17C5 
19AU4 
19BG6 
19T8 
35C5 
35L6GT 
35W4 
35Y4 
35Z5GT 
50A5 
50B5 
5005 
50EH5 
50L6GT 
721.7 

This is Just A Partial Listing. . . . 

Write For Our Complete Tube List! 

TERMS: FREE POSTAGE ON ALL ORDERS. 5,1,1 - for handling) for 
idea under s - i Inpan' C.O.D. OIt11ERSIt Canadian anti Foreign 

Orders ail,' a,l 
i 

)vim.nc postage. 
WRITE: DEPT. EWt 10 

MAJOR /wnul TUBE CO 
C!RCLE NO. 156 ON READER SERVICE PAGE 

NO DUD NEEDED! 
TV PICTURE TUBES 

GUARANTEED FOR ONE YEAR! 
CHECK THESE "MAJOR BRANDS" 

LOW PRICES & SAVE! 
1001'4 s 5.59 12L1'4 $ 7.95 1101'4 $ 8.95 17ßI'4 5 9.05 
170'' /-P4 517.95 2IEP4 518.95 2IALP4 .518.95 21cEl'4 $19.95 
No ,lulls required! MAJOR BRANDS Picture Tubes contain ALL-NEW parts! The glass envelope is 
Polished to brand-new perfection and is re-used. All picture tubes :a 

a `nt F.0í.11. from our ware- 
house. Seel \IIii for MAJOR BRA NUs m v plete 
picture tube list and picture tube substitution 

Ide. IT'S FREE! 
ABSOLUTELY FREE with Your Picture Tube Orders 
From MA,II It BRANDS! 

9 -VOLT TRANSISTOR BATTERY FREE! FREE! 

SELF- SERVICE 
TUBE CHECKERS 

SPECIAL! 
*IMMEDIATE $5995 
DELIVERY! 

Features 123 sockets 
drawers 

for tube star age! It's an 
ideal moneymaker m for 
esery t ' pe of retail bus- 
iness. Each machine 
equipped with lighted 
back and locked storage 
compartment! 
SELL MAJOR BRAND 
TUBES from these ma- 
chines for as little . 

941e per tune. Reap big 
profits! Machine will 
pay for itself in less 
than 30 -days. MAJOR 
BRANDS will supply you 
with colorful window 
streamers free to ad- vertise your tube 
cecker service! 

SPECIAL TO CHAIN 
STORE OPERATORS: 

Write or call for MAJOR 
BRANDS Special price 
on orders of m ore 
TUBE CHECKERS. 

ALL MACHINES 
SHIPPED F.O.B., 
HARRISON. N.J. 

ATTENTION! 
OWNERS OF 

OLD RADIOS: 
MAJOR BRANDS main- 
tains the largest stock 
of old -type radio tubes 
in the entire U.S.A. 
WE'LL BE HAPPY TO 
SEND YOU OUR SPE- 
CIAL LISTING OF OLD- 
TYPE AND LOCTAL 
TUBES . . . 

MAJOR BRANDS 
TUBES ARE TOPS 

IN QUALITY 
a PERFORMANCE! 
Ar.I. 51.1JOIt BRANDS 
'rt "Brs are Hickok or 
Set rested! 
All tubes individually 
boxed! 
Every tube 1. factory- 
branded! 
Every tube Is code 
dated! 
MAJOR BRANDS 

GUARANTEE! 
Your Yloney Is Cheer- 
fully Refunded In 5- 
Days if You're Not Com- 
pletely Satisfied! 
ACT NOW! SEND FOR 

"MAJOR BRANDS" 
FREE *.. 

GIANT TUBE LIST! 
Cet on 'Major Brands" 

railing fist! Our month- 
ly specials are fantastic 

,, logs*b,0 big to 
miss. 

FREE!! 
SUBSTITUTION 
TUBE GUIDE 

with every order! 
WRIT 
for MAJOR BRANDS 
quantity price and 
SPECIAL PRIVATE 
BRANDING OFFER! 

BUY MA 
BUY FROM 

MAJOR BRANDS 
The Largest Tube 
Wholesaler In The 
World! 
IMPORTANT: MAJOR 
BRANDS I. NOT affili- 
ated with any other tube 
company! 

406 HARRISON AVENUE 

HARRISON, NEW JERSEY HUmboldt 4-9770 
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the woofer and tweeter. The 3" cone -type tweeter 
is a hemispherical donc bonded directly to a 1" 

voice coil with a 2 lb. magnet structure. The 
3 -way LC network crosses over at 1200 and 2800 
cps and has continuously variable tweeter level 
control. 

Frequency response is 35 cps to beyond audi- 
bility. Power handling capability ranges from 10 

watts minimum up to 60 watts. 

HEADPHONE ADAPTER 

20 
Permoflux Corporation is currently market. 
ing the "Permadaptor" which matches dy- 

namic headphones to preamplifier outputs of 
audio equipment, provides safety from overload 

burnout, produces adequate volume, and elim- 
inates power amplifier hum and signal distortion. 

The unit is fully transistorized and is univer- 
sally adaptable to all audio preamplifiers. 

21 

CAR /MARINE TAPE PLAYER 
Viking of Minneapolis, Inc. has developed 
the "Auto -Tape 500." a fully transistorized 

stereo tape cartridge handler designed for all 
mobile applications. It requires no attention dur- 
ing operation. 

The unit may be installed in any vehicle with 

12 -volt d.c. battery or generator. It will play all 
sizes of the firm's endless loop cartridges to pro- 
vide up to two hours of quarter -track pre -re- 
corded stereo programs at 3.75 ips. The solid -state 
amplifier incorporated in the player provides 2 

watts per channel. Frequency response is lì0 -10,- 
000 cps ±3 db. Speaker output impedance is 3 -4 

ohms. Speakers are not included. 

22 

AUTOMATIC TURNTABLE 
United Audio has introduced an automatic 
turntable, the "Dual 1009" auto /professional, 

which features a dynamically balanced tonearm 
that can track and trip below u/ gram and thus 
use the highest compliance cartridges made today. 
The tonearm has virtually frictionless pivots and 
ball bearings and can be precision balanced by 
means of a rotating counterweight. Stylus force 
is applied directly at the pivot by a coiled main- 
spring. 

The unit provides variable speed control over 
a fi range for all four speeds and incorporates a 
built -in switch for turning the amplifier off after 
play. 

23 

BATTERY- POWERED SOUND SYSTEM 
Perma -Power Company is offering a com- 
pletely portable, battery -powered. self -con- 

tained sound system as the "Roving Rostrum." 
Designated Model S110, the unit provides 25 

watts of audio power yet weighs only 22 pounds. 
It is powered by long -lasting flashlight batteries. 
The system is housed in a singGe luggage -style 
case equipped with retractable legs for reading 
height adjustment. 

Included are a low -impedance omnidirectional 
dynamic microphone and two accompanying 
speakers; one built with the reading table and 
one in the cover. The speakers can be used to- 
gether or separated. A special anti -feedback 
housing allows high volume without howls. 

RE- BROADCAST RECEIVER 

24 
McMartin Industries, Inc. is now in produc- 
tion on the TBM 1500, an FM stereo re- 

broadcast receiver. The frequency response of the 
receiver permits an FM station to re- transmit an 
FM stereo program directly without first demod- 

ulating and then regenerating the composite 
waveform. In this way, the need for an FM stereo 
generator, stereo receiver. and associated audio 
equipment is eliminated. The r.f. sensitivity is 1 

µv. for 30 db of quieting; output frequency re- 
sponse is 20- 100,000 cps ± .5 db. 

25 

TRANSISTORIZED INTERCOM 
Rauland -Borg Corporation has recently in- 
troduced an all- transistorized intercom -pro- 

gram control center as the Model S300. 
Designed specifically as a control center for 

low -cost school communication and program sys- 

tems, the unit can also be used for industrial 
paging and background music system applica- 
tions. 

-Executiv Q REMOTE 
Li CONSOLE 

FOR INTERNATIONAL MODEL 50 AND MODEL 100 

CITIZENS BAND TRANSCEIVERS 

Remote control unit that permits the installation 
of transceiver in the automobile trunk or 
other out -of -the way space. Unit mounts under auto 
dashboard. Size: 21/2" H x 7" W x 5" D 

Model RM0 -9 -nine trans- Model RM0 -1- single chan- 
mit and nine receive nel operation. Does not con - 
channels. Complete, but tain channel switch. Corn- 

less crystals $57.50 plete, less crystal $42.50 

PRECISION MADE 
CRYSTALS 

AND EQUIPMENT 

CIRCLE NO. 12B ON READER SERVICE PAGE 
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...THE STANDARD OF EXCELLENCE ! 
General's VS -2, with its Vibration Rated Service and 15 ß'ATT CON- 
STRUCTION', meets every industrial and outdoor requirement and 
may be used with utmost confidence on boats, trucks, tractors, fork 
lifts, or on any type of equipment demanding rugged dependability. 

..$139.95 
19.52 THE FCC DOES NOT PROVIDE FOR 

tkPttT IN THE CITIZENS RADIO SERVICE 
SUNDER PRESENT RULES PART 
MORE THAN FIVE CS) WATT 
(26.965 . 27.255 MC BAND) 

For free, complete technical information see your General Dealer or 
write: Dept 4, 

GENERAL RADIOTELEPHONE COMPANY 
3501 West Burbank Boulevard, Burbank, California 

Phone: 849 -6891 Area Code: 213 

CIRCLE NO. 123 ON READER SERVICE PAGE 
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equip yourself 

for professional 

stereo /hi -fi service 

with HEATHKITS 

3 

/01 

4 

6 

i 

5 

7 

Complete lab above consists of: 
1. Heathkit IM -30 Deluxe Transistor Tester, $54.88. 2. Heathkit 
1G -72 Audio Generator, $41.95. 3. Heathkit 1M -13 Deluxe 
Service Bench VTVM, $32.95. 4. Heathkit 10 -12 "Extra- Duty" 
Wide Band 5" Oscilloscope, $76.95. 5. Heathkit 1M -21 Labor- 
atory AC VTVM, $33.95. 6. Heathkit IM -22 Audio Analyzer, 
$56.95. 7. Heathkit 1M -12 Harmonic Distortion Meter, $54.95. 

The test set -up above can be yours for no money down, 

and as low as $27 per month! 
Heathkit, world -leader in kit -form electronics, makes it possible for you to enter 
the profitable field of Audio and High Fidelity servicing with a minimum invest- 
ment in test instrument facilities! Equip now with the outstanding selection of 
service instruments shown above for complete audio and hi -fi servicing ... all 
units are professionally designed for years of dependable trouble -free perform- 
ance, with all the latest design and operational features for maximum versatility 
and convenience. Best of all, you save up to 50% or more by doing the easy 
assembly yourself! 

Heathkit test equipment is widely acclaimed by service technicians everywhere 
across the nation for their excellent quality, versatile performance, and con- 
servatively rated specifications ... features that emphasize their high value and 
assure you of top service facilities at all times. Order your complete Heathkit 
service lab now and see why so many technicians have come to rely on Heath 
for professional quality at lowest cost. 

SEND FOR FREE 
1964 HEATHKIT CATALOG 
Gives full description and 
specifications of units above, 
plus 245 others in Test, Ama- 
teur Radio, Hi -Fi, Marine, Edu- 
cational and General Hobby 
fields of interest. Send for 
Your free copy today and get 
the complete story on money- 
saving Heathkits. 

L 

October, 1963 

Li catalog. 
send free 1964 Heathkit 

catalog. 

Enclosed is $ 
plus postage. 
Please send models 

HEATH COMPANY, Benton Harbor 15, Mich. 49023 

NAME 

ADDRESS 

CITY STATI 

CIRCLE NO. 127 ON READER SERVICE PAGE 105 
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?. WONDERSHAFT beats Swing'N'Sway 

le -You've noticed the swing'n'sway of 
the metal whip on the car ahead of 

you . . . maybe you even own one. 

The WONDERSHAFT Whip - Style 10 

series - licks this distracting and pos- 

sibly dangerous problem. The exclusive 
Columbia Products fiberglass construction 
of WONDERSHAFT produces a whip that 
stands erect at road speeds, reducing road 
noise and improving reception. 

Shorter than metal antennas of com- 
parable resonant length, WONDERSHAFT 
Whips reduce the hazard of operating 
under live wires; won't rust or corrode; 
are light weight yet offer high strength 
in impact and flexure. 

1n 

l ,Jfííl/11h, 
",O. h1C'u 
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COLUMBIA PRODUCTS COMPANY 
COLUMBIA S. C. Subsidiary Shak.spwr. Co. 

CIRCLE NO. 113 ON READER SERVICE PAGE 

GET 

INTO ELECTRONICS 

Alk 

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 Feb., 
Sept. Dorms, campus. High 
school graduate or equivalent. 
Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 
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The unit provides 32 watts power and fea- 
tures low power consumption, simplified opera- 
tion, reliable "talk- listen" switch. acoustic noise 
suppressor circuits, input for 3 low- impedance 
microphones and 3 high -impedance auxiliaries, 
plus 16 station selector keys. 

A complete line of accessories, including addi- 
tional switching facilities, voice call -in facilities, 
an annunciator light facility expander, and an 
AM -FM tuner, are also available. 

EQUIPMENT CABINET 

26 
Audio Originals has a new audio component 
cabinet on the market which features draw- 

ers to house the equipment rather than doors. 
Two large drawers are provided with mounting 
board for changer /turntable with the second 

drawer adaptable for either record storage or in- 
stalling a tape recorder. Drawer fronts can be 
supplied in either cane cloth or matching wood 
veneers. 

Over -all dimensions are 41" long x 30" high x 

191/2" deep. The enclosure comes in oiled wal- 
nut or fruitwood finishes. 

DEEP -WATER HYDROPHONE 
ACF Electronics Division has introduced an 

LI advanced deep -water hydrophone which fea- 
tures minimum motional noise and maximum 
underwater acoustic sensitivity. 

The Model LM -1 is intended for use in oceano- 
graphic research and submarine detection. It 
provides the following advantages: reduced sen- 
sitivity to accelerations; built -in low -noise field - 
effect- transistorized preamplifier; stability of 
acoustic sensitivity at high ambient pressures; 
wide -band transmission transformer for rejection 
of unwanted common mode interference; pressure 
housing for operations to depths down to 37,000 
feet; and internal power regulators and electrical 
calibration circuitry. 

TURNTABLE /CHANGER 

28 
Elpa Marketing Industries, Inc. is handling 

o distribution of the new Thorens TD -224 "Mas- 
terpiece," a turntable /automatic record changer 
combination which will play records individually 
or change records automatically by means of a 

unique record feed -in arm. Record stacking is 

completely eliminated on the turntable. 
Also incorporated is the BTD -12S tonearm. a 

built -in continuous record- cleaning device, and 
an illuminated stroboscope. 

CB- HAM -COMMUNICATIONS 

FIXED -STATION ANTENNAS 
The Finney Cmpan is w o ffriew 

29 line of fixed -station 
o y 

antennas 
no 

consisting 
eng a n 

of 
11 models. Certain models are gamma matched 
for 50 ohms, others for 300 ohms. Among the 
various models are those for 6 meters, 2 meters, 
and VI meter. Some are 6 and 2 meter combina- 
tions. A feature of these new antennas is gold 
corodizing for maximum weather resistance. 

30 

R.F. DIP OSCILLATOR 
Waters Manufacturing, Inc. has announced 
the availability of a completely portable, 

transistorized r.f. dip oscillator, tradenatned 
"Little Dipper." 

The new instrument performs all the functions 
of a grid -dip oscillator, an absorption wave- 
meter, and with its built -in audio modulation, 
a signal generator for field use. Its compact 
design permits one -hand operation. 

A stabilized MADT transistor r.f. oscillator 
covers 2 -230 mc. Frequency accuracy is ±3 %. 
The circuit uses 7 coils, each carrying its own 
linear scale. 

U.H.F.-FM TWO -WAY RADIO 

31 
Communicatio Company, I new 
line of u.h.f. -FM 

ns 
400 -420 mc. 

nc. 
and 

has 
450 

a5 

-470 
mc. two -way radio equipment in full production 
as its "Corner) 684" series. The "Ultra Basecom" 
is housed in a modern low- silhouette cabinet 
(photo) while the companion "Ultra Fleetcom" 
mobile units combine with the transmitter to pro- 
vide high transmitter powers for extended -range 
operation. The mobile units are compact, light- 
weight, and combine the control head, speaker, 
and transistor power supply in one small as- 

sembly no langer than a conventional speaker 

case. The all -transistor power supply is available 
for operation from 6/12 volts d.c., 12 volts d.c., 
or 24 volts d.c. The mobile package for either 
dash or trunk mounting includes a high -gain 
rooftop antenna. 

The base and mobile transmitters provide a 

full 20 to 25 watts output with all stages protected 
by fixed bias. All stages are metered and the trans- 
mitter meets all EIA specifications and FCC re- 

quirements for operation in Public Safety. In- 
dustrial, Land Transportation. and Citizens class 

A services. 

32 

25 -WATT V.H.F. MOBILE 
Canadian Marconi Company has recently in- 

troduced a new compact 25 -watt v.h.f. mobile 
radio unit as the DT34. 

Claimed to be the smallest and lightest in its 

class, the unit measures 101" x 91/2" x 41/2" and 
weighs 101/2 pounds. It is available for either 
trunk or front mounting. 

The transmitter and receiver are mounted on 

a common chassis. The receiver employs frame - 
grid tubes for its r.f. amplifiers while the trans- 

ELECTRONICS WORLD 



FOR NOME AND LABORATORY USE 
EXTWA AS A IESONSTRATON OF TE FEWEST POSSIBLE Many. 1KS RECORD NCLWES 

Why We Make the Model 211 

Available Now 
Altheugh there are many stereo test records on the mar- 
ket today, most critical checks on existing test records 
have to be made with expensive test equipment. 

Realizing this, HiFi STEREO REVIEW decided to produce 
a record that allows you to check your stereo rig, ac- 

curately and completely, just by listening! A record that 
would be precise enough for technicians to use in the 
laboratory -and versatile enough for you to use in your 
home. 

The result: the HiFi STEREO REVIEW Model 211 Stereo 
Test Record! 

Stereo Checks That Can Be 

Made With the Model 211 
Frequency response -a direct check of eighteen 
sections of the frequency spectrum, from 20 to 

20,000 cps. 

Pickup tracking - the most sensitive tests ever 
available on disc for checking cartridge, stylus, 
and tone arm. 

Hum and rumble -foolproof tests that help you 

evaluate the actual audible levels of rumble and 

hum in your system. 

Flutter -a test to check whether your turntable's 
flutter is low, moderate, or high. 

Channel balance - two white -noise signals that 
allow you to match your system's stereo channels 
for level and tonal characteristics. 

Separation -an ingenious means of checking the 
stereo separation at seven different parts of the 
musical spectrum -from mid -bass to high treble. 

Stereo Spread 

ALSO: Speaker Phasing 

Channel Identification 

PLUS SUPER FIDELITY MUSIC! 
The non -test side of this record consists of music re- 

corded directly on the master disc, without going through 
the usual tape process. It's a superb demonstration of 
flawless recording technique. A demonstration that will 
amaze and entertain you and your friends. 

October, 19' 

NOW...GET THE FINEST 

STEREO TEST 
RECORD ever produced 

for just...$4.98 
Featuring Tests Never Before Available 

Outside Of The Laboratory 

UNIQUE FEATURES OF HiFi /STEREO REVIEW'S 

MODEL 211 STEREO TEST RECORD 

Warble tones to minimize the distorting effects of room acoustics 

when making frequency- response checks. 
Warble tones used are recorded to the same level within - I db from 40 to 
20,000 cps, and within ± 3 db to 20 cps. For the first time you can measure 
the frequency response of a system without an anechoic chamber. The frequency 
limits of each warble are within 5% accuracy. 

White -noise signals to allow the stereo channels to be matched in 

level and in tonal characteristics. 

Four specially designed tests to check distortion in stereo cartridges. 

Open -air recording of moving snare drums to minimize reverberation 

when checking stereo spread. 

All Tests Can Be Made By Ear 
HiFi STEREO REVIEW's Model 211 Stereo Test Record will give you immediate answers 
to all of the questions you have about your stereo system. It's the most complete test 
record of its kind -contains the widest range of check -points ever included on one test 
disc! And you need no expensive test equipment. All checks can be made by ear! 

Note to professionals: The Model 211 can be used as a highly efficient design and 
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close 
tolerances -affording accurate numerical evaluation when used with test instruments. 

DON'T MISS OUT- SUPPLY LIMITED 

The Model 211 Stereo Test Record is a disc that has set the new standard for stereo 
test recording. Due to the overwhelming demand for this record. only a limited number 
are still available thru this magazine. They will be sold by ELECTRONICS WORLD on a 

first come, first serve basis. At the low price of $4.98, this is a value you won't want to 
miss. Make sure you fill in and mail the coupon together with your check ($4.98 per 
record) today. 

FILL IN AND MAIL TODAY! 

Stereo Test Record 

Electronics World -Dept. SD 

One Park Ave., New York 16, N.Y. 

Please send me _ test records at $4.98 each. My check (or money 
order) for $ is enclosed. I understand that you will pay the postage 
and that each record is fully guaranteed. (Orders from outside the U.S.A. add 

50c to partially defray postage and handling costs.) 

Name 

Address 

City Zone State 
SORRY -No charges or C.O.D. orders! EW 103 

(Please Print) 
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SILICON 

TOP HATS 

0 R DIODES 
LOW LEAKAGE 

750 MA 

LOWEST PRICES 

GUARANTEED 

NEWEST TYPE 

PIV'RMS 
5O'35 
.C5 ea. 

PIV RMS 
100.'7O 
.09 ea. 

PIV/RMS 
200,140 
.12 ea. 

PIV'RMS 
300,210 
.18 e.. 

PIV RMS 
400 280 
.23 ea 

PIV RMS 
500 350 
.28 ea. 

PIV,RMS 
600/420 
.38 ea. 

PIV.RMS 
700'490 
.50 ea. 

PIV,RMS 
800/560 
.58 ea. 

PIV RMS 
900/630 
.68 ea. 

PIV;RMS 
1000/700 

.78 ea. 

PIS RMS 
1100/770 

.88 ea. 

ALL TESTS! AC & DC & FWD & LOAD 
100 Dif. Pre. Res. 1 /2, 1, 2 WATT-1% Tol. $1.25 
G.E. IN91 Diode -10 for $1.00, 100 for $8.00 
Special 1000 PIV -750 MA. 10 for $7.50. 

SILICON POWER DIODE STUDS 
Imps l'ìw' 5'lle lops Pit Sale 

3 SD $0.15 35 50 $1.30 
a lot) .30 335 11111 1.55 
3 200 .40 35 2110 2.00 
3 4m) .65 35 400 3.00 
3 600 .75 5(1 50 2.25 

12 50 .60 50 100 3.25 
11111 .80 50 2110 4.00 

Ì2 2110 1.00 100 .-,'I 2.75 
1 2 4110 1.50 100 100 3.50 
12 131II1 2.00 I()() cf., 4.00 

Money Back guarantee. $2.00 min. order. Orders 
F.O.B. NYC. Include check or money order. Shpg, 
charges plus. C.O.D. orders 25% down. 

WARREN ELECTRONICS CO. 
NYC 7, NY 87 Chambers St. Wo 2 -5727 

Watcl- for 

the 1964 edition of the 

STEREO /HI -FI DIRECTORY 

It's the world's most compre- 

hensive Buyers' Guide to the 

hi -fi market. 

180 product -packed pages 

photos, prices and perform- 

ance data on over 2000 

components from 177 dif- 

ferent manufacturers 

On sale October 1st 

RW OCT. BARGAINS 
MOBILE RECEIVER -30-40 MC, FM with 6 V. DC 

power supply. 
conversion 

`inglee 

channel 
super het. with Ìy 26.95 

control. 

tubes &schematic.Used-good cond. 
BC -221 FREQUENCY METER -Brand new. 124.50 In original military packing 
BC -221 FREQUENCY METER -With original Calibra- 

tion Book and Crystal. Lab. checked 69 50 
out. slut condition í 

TS -247 A.'AP- 405 -425 MC POWER METER. Measures 
peak power up to I KW and 10 KW. Has ter- 

mination diode integrating net work & high 
ter- 

mination 
11C VTY]i with 110 v. 1(0 Cy. 19.99 power supply. Like new 

MN -26 C BENDIX RECEIVER -150 to 1500 KC in 3 
bands. 1 tum,d ií4' amp. E<Int for foreign tong 

and American broadcast 1)X. With 1 

tubes, s, 24 V. dynannnlpr and schematic. 14.95 Used. AInc 
MN -26 L BENDIX RECEIVER-200 to 1200 KC & 2-9 

.IC in a band,.. otherwise me s 14.95 lo r3 

above. Used -good ndition. 
MN -26 Y BENDIX RECEIVER -I50 too 505 IOC R :3 4 

7 VC :1 bands. Otherwise s 
s 15.95 IN -_It I' 00WW%e. t.ed -good condition. 

Send Money Order or Check with Order 

Write for Latest Flyer - LOADS OF BARGAINS! 

R W ELECTRONICS 
2430 S. Michigan Avenue Dept. 1073 
Ch!Cago. III. 6061E Phone: CAlumet 5 -1281 
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mittcr uses the company's new high -level, wide - 
angle phase modulator. A full -size transmitting 
tube is employed as a power amplifier. The unit 
features fully transistorized power and control 
circuits, filament voltage regulator, and tran- 
sistor burn -out protection. Offering up to four 
r.f. channels, it also has an access socket that per- 

mits connection to selective -call or tone -call units 
and other accessories. 

CB BASE -STATION ANTENNA 

33 
Hy -Gain Antenna Products Corporation is 

now offering a new and improved model of 
its CLR colinear antenna as the CIA II. This 
new base -station antenna delivers 8 db of omni- 
directional gain to double the effective radiated 
power of the antenna. It develops 3.4 db of 
omni -directional gain in measured field -strength 
intensity through utilizing the maximum legal 

aperture and thus capturing the greatest amount 
of signal area. 

The radiator is 19 feet, 10 inches high and is 

electrically extended to 5/f3 wavelength. Full quar- 
ter -wave horizontal radials at the bottom of the 

unit provide a quarter -wave ground -plane sys- 

tem. A built -in static arrester greatly reduces 

atmospheric noises and prevents static build -up 

in the receiver. 

HEAVY -DUTY CB UNIT 

34 
Hamnrarlund \lanutacturiug Company has 

designed a new CB transceiver, the CB -Six, 

for commercial and industrial CB communica- 
tions. This heavy -duty unit features six crystal- 

controlled rh ulnels for receive and transmit and 
a built -in power supply which operates from 12 

volts d.c. and 117 volts a.c. for both mobile 
and 'or base station use. 

A ±3 kc. vernier tuning control for the re- 

ceiver section permits peak tuning while pre- 

serving crystal stability. Complete interchange- 
ability is also featured. Standard equipment 
includes ceramic microphone. crystal for one 

channel. a mobile mounting bracket, and both 
12- and 117 -volt power cables. 

35 

BASE /MOBILE STATION 
General Radiotelephone Company is now 
marketing a new F \1 combination base or 

mobile two-way radio for business -industrial ap- 

plications. 
Known as the F\[ 120. the new unit is a 60- 

watt input transceiver in the 150 -174 mc. hand 

category. The station has a dual power supply 

(117 volts a.c. or 12 volts (lac.) which permits the 
transceiver to be switched from base- station use 

to mobile applications. The FM 120 measures 
4%4" x 8" x 101 /2" and cornes with an exclusive 
"Snap -Rak" mounting feature which permits 
replacement and interchange of units in 30 sec- 

onds without tools. 

CB TRANSCEIVER 

36 
Inter -Mark Corp. is now offering a 1 -watt, 
fully transistorized, portable CB transceiver 

as the "Cipher 1000." 
This single -channel. crystal -controlled unit is 

powered by twelve "1)" cells and uses 15 transis- 
tors. It can receive and transmit up to 10 miles 

or land and over 20 rates on water. The unit 
weighs 7 pounds. 

The transceiver features press -to -talk switch, 
"on -off" power switch. squelch and volume con- 
trols, earphone and jack. external antenna jack, 
shoulder strap. and whip antenna. It is housed 
in an all -metal case with a palm -size microphone. 

3] 

FM TRANSCEIVER LINE 
The Hallicrafters Co. has entered the F\E 

two -way radio market with a line of units 
for business and industrial applications. 

The first two models in the new line are nar- 
row -band transceivers for mobile and base- station 
use in the 148 -174 mc. frequency range. The 
units are designed to operate in the Business 

Radio Service or in any of the other available 
laurel- mobile .services. 

The Models CSB -30 -2 (hase station) and 

CS \[ -30 -2 (mobile) use vacuum tubes except that 
the latter's power supply is transistorized. The 
base station operates on a.c. and the mobile 
unit on 12 volts d.c. Both have an r.f. power 
octput of 30 watts. 

GENERAL- COVERAGE RECEIVER 

38 
Hanunarlund Manufacturing Company is of- 

JO fering a significantly improved version of its 

HO -180 ant teur -hand and general- coverage re- 

ceiver as the Model HO- 180A. 

The new model is continuously tunable from 
540 kc. to 30 mc. and features rtlibratecl band - 
spread on all amateur bands within this range. 

New features include increased electrical and 

mechanical stability; a new silicon rectifier power 
supply for cooler, more efficient operation: 500 

and 3.2-ohm outputs: accessory power supply for 
converters: and a three- position switch for se- 

lecting fixed or tunable b.f.o. The HQ -180A is a 

triple -conversion receiver from 7.8.i to 30 me. 

and a dual- conversion unit front 510 kc. to 7.85 

nie. 

39 

MANUFACTURERS' LITERATURE 

PHOTOELECTRIC COMPONENTS 
Farmer Electric Products Company has is- 

sued a new 32 -page catalogue which de- 

scribes a complete line of photoelectric and 
automation components made by the firm. In- 
cluded are miniature tubular scanners, prox- 
imity sensors, miniature scanners, explosion -proof 
scanners, long -range systems. scanner relay sys- 

tems. electronic timer::. "Rototiu sers." and elec- 

tronic relals. 

ELECTRONICS WORLD 



A detailed description is given for each item 
along with dimensional drawings. photographs, 
electrical specifications, installation procedures, 
adjustments, weights, and prices. 

P.A. EQUIPMENT CATALOGUE 

4 
n Harridan -Kardon, Inc.'s Commercial Sound 

Division is now offering a 20 -page catalogue 
describing amplifiers and systems for industrial 
applicar ions. 

t he Itety publication, designed as a technical 
"how-to -" manual and reference guide for buyers 
of commercial sound component -s, shows how to 

evaluate amplifiers and hotu to design :nad tue 
a commercial sound Ss slITtI. 

The catalogue carries a sound-systent chart to 
help determine the :unlit power required for 
apical applications in restaurants, auditoriums, 
stores, offices, hospitals. and churches. 

41 

ELECTRONICS CATALOGUE 
Lafayette Radio Electronics Corporation has 

announced publication oI' its I961 catalogue. 
a 122-page listing of items of interest to all in the 
dette onics field. 

Included in this illustrated catalogue are kit 
and assembled units for hi-fi: tuners. amplifiers, 
trcantps. tape recorders, tin ntables. speakers, 

and uticrophones. \ wide selection of CII equip - 
ment, hart 4(111'. Isst equipment. tools. p.a. 
equipment. books. radin g.1 "I A' compuncnts are 
rtico utltnctl :slut1 dcscribcd for maximum cane in 
ordering. 

42 

COLLEGE- SCIENCE FILMS 
11elI Telephone Laboratories has announced 
the ;mailability of Iwo new college -science 

filet, opte in the field of 51110cs and the other 
in physical chemistry. 

te film. "Principles of the Optical Maser" is 

a Ifi mut.. sound. color presentation that runs 
for :t0 minutes. It oilers the fundamental physi- 
cal concepts of the optical maser. Dr. C. G. B. 

Garrett is the narrator. The second film. "Physi- 
cal Chemistry of Polymers" is a lecture- denunl- 
stration by Dr. F. H. Winslow and runs 21 

minutes in 1(i mm. color and sound. 
Both films will be available from local Bell 

Telephone business offices on a free loan basis. 

43 

FREQUENCY- CONTROL DATA 
Hill Electronics, Inc. has just published a 

14 -page handbook and catalogue which lists 
sty :tndardi,cd crystals, filters, and frequency 
sources. '1 he handbook, with illustrated design 
parameters. is divided into three major sections 
covering crystals ranging from 4011 (cries to II)0 
Inc.. filters ranging in center frequency front 
below I Lc. to over 20 etc., and frequency 
sources ranging from 1 cps to over 250 mc. 

44 

MAGNETIC TAPE DATA 
Ampex Corporation has released a 12 -page 
catalogue on magnetic tape for instrumen- 

tation applications. The bulletin presents It de- 

scription of all of the firm's instrumentation 
tapes with their performance and physical char- 
acteristics. -A section is included on how to select 

the proper tape while another section voyers 

instrumentation tape accessories. 

45 

TRANSFORMERS & COILS 
Stancor Electronics, Inc. has issued a new 

18 -page catalogue listing I )00 replacement 
transformers and coils for television, radio, high- 
fidelity. and stereo applications. 

The catalogue contains complete specifications 
and additional information to aid the technician 
in the selection of the proper unit. -Am output 
transformer chart lists 2)10 honte -entertainment 
tidies and the specific transformers to be used 
55 it Is each. 

46 

CONNECTOR SELECTOR 
Microdot Inc. is now offering a unique "con- 
nector selector" circular sliderule which 

enables the design engineer to choose from -10 

parts in designing his own crimp -type connector. 
Over 120 combinations of wire size. mating. and 
mounting styles are available. Also offend are 
data sheets giving specifications. drawings, and 
other features of the "\Eicrocritutp'' line. 

R.F. INSTRUMENT LINE 

41 
Ferris Instrument Company has just pub- 
lished a ci\ -page short -form ca cdggue which 

describes in detail the complete line of precision 
1'.f. instruments currently in production. The 
list carries se oral recent additions to the line. 
including crystal -con :rnllctl .pot -frequency c :tli- 
brators for CB cgnipnn'nt. AS\- standard radio 
noise meters, and scssaltl nosy 1'.f. signal genera- 
tors for aircraft and mobile communications. 
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ZENER CROSS- REFERENCE CHART 
National Tran,istor is offering copies of its 
new /crier diode cross- relerence chart. 11 -IOIi, 

which lists appro\intatelt 1101) F.f. \- registered 
zoner diodes by tt:ttag, and /encl. voltage and 
gives the coutpamt's nettes' equivalent type. 
.Standard pnl :n -i t, loleranse, and physical dimen- 
sions are giton on ¡rire diodes in the 2. :11 

111, and -(1) watt I.onilics. 

NEEDLE REFERENCE GUIDE 

49 
Sonotone Coporation has issued a cross - 

reference brothnrc trltich lists ricer I-11)0 

phonograph model, n.stc in use in which the 
firm's''Sono -Plc\" photo needle can lie installed. 
The listing. S \II-71, is Tut-witted by manufac- 
turer (tu' brand name) and model number. De- 

tails on this new Ilc\ih!c. uirin.tlly unbreakable 
needle are also included in the wide. 

P.A. EQUIPMENT 

5 n 
Bell Public Address has issued It new cata- 
logue coveting its line of public -address 

equipment and an cvtcnsite line of accessories. 
Pictured and described in minute detail are am- 
plifiers in the In. 20. fit, 75 watt class: ruggedizcd 
40 and nil watt units: transistorized units rated 

LARGE, SELECT STOCK! DEPENDABLE, FAST SERVICE! 

Every tube tested in our own laboratory for mutual conductance 
and life test. 
We guarantee FREE replacement for one year of any tube purchased 
from us which fails to function efficiently under any or all operating 
cond'tions. Prompt refunds on any defective merchandise. 
Advertised tubes not necessarily new, but may be electrically per- 
fect actory seconds or used tubes -each clearly so marked. 

OZ4 
1A7GT 
IB3GT 
1H4G 
IHSGT 
1L4 
1L6 
1N5GT 
1QSGT 
1R5 
ISS 
1T4 
1U4 
'U5 
1V2 
1X2 
2A3 
2AF4 
3BC5 
3BN6 
3BZ6 
3CB6 
3CF6 
3C56 
3LF4 
3Q4 
354 
3V4 
4BQ7A 
4ßZ7 
SASS 
SATE 
SAVE 
SA W4 
5BK7 
5J6 
5T8 
SU4G 
5U8 
5V4G 
5V6GT 
SX8 
SY3GT 
SY4G 
6A7 
GA8 

6Aß4 
6AC7 
6AF4 
6AG5 
6AG7 
6AH4GT 
6AH6 
6AK5 
6AL5 
6AL7 
6AM8 
6AN8 
6AQ5 
6AQ6 
GAQ7GT 
6AR5 
6AS5 
6AT6 
6AT8 
6AU4GT 
6AU5GT 
6AU6 
6AU8 
6AVSGT 
6AV6 
6AW8 
6AX4GT 
6AXSGT 
6B8 
6BA6 
6BC5 
seca 
6ßD6 
6BE6 
6BF5 
6ßF6 
68G6G 
6ßH6 
6BJ6 
6ßK5 
6ßK7 
6BL7GT 
6BN6 
6BQ6GT 
6BQ7 
56Y5G 
6626 

6B27 
6C4 
6C5 
6C6 
6CB6 
6CD6G 
6CF6 
6CG7 

6K7 
6K8 
6L7 
6N7 
6Q7 
654 
658GT 
6SA7 

6W6GT 
6X4 
6X5 
6X6 
6Y6G 
7A4 /XXL 
7A5 
7A6 

7F8 
7H7 
7N7 
7Q7 
7X7-XXFM 
7Y4 
7Z4 
12A8 

for 
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ANY TUBE LISTED 
6CL6 65C7 747 
6CM6 65F5 748 
6CM7 65F7 7B4 
6CN7 6517 765 
6CS6 651(7 7B6 
6CÚ6 6SL7GT 767 
6DE6 65N7GT 768 
60Q6 65Q7 7C4 
6F -6 6557 7C5 
6116 6T4 7C6 
6J4 6T8 7C7 
6J5 6U8 7E6 
6J7 6V6 7E7 
6K6GT 6W4GT 7F7 

ICR 

12AQS 
12AT6 
12AT7 
12AU6 
I2AU7 
1241/6 
12AV7 
12A X4GT 
124X7 
12AZ7 
1284 
12BA6 
12847 
12BE6 

12BF6 
12BH7 
126Q6 
12E3147 

1281'7 
12CA5 
12J5 
12K7 
12L6 
12Q7 
125A7 
12567 
125J7 
1251(7 
125N7GT 
12507 
12V6GT 
12W6GT 
12X4 
1223 
14A7/ 
1287 
1486 
1407 
19 
19AU4GT 
198G6G 
19J6 
19T8 
24A 
25ÁV5 
251306 
25DN6 
25L6GT 
25W4GT 
2525 
25Z6 
26 
35A5 
35135 
35C5 
35L6GT 
35 W4 
35Y4 
35ZSGT 
37 
39/44 
42 
43 
45 
5OÁ5 
SOBS 
socs 
SOL6GT 
5ox6 

SPECIAL PURPOSE 
and INDUSTRIAL 

TUBES 

AT SPECIAL SAVINGS! 

Type 
.60 872A 
.70 884 
.75 885 
.45 954 
.65 955 
.50 957 
.40 2050 
.55 2051 

1.95 5643 

5654 
5686 
5687 
5703 
5725 
5726 

5751 

5763 

5814A 
5879 

5881 

6146 

6159 

6201 

6900 

Type 
0A2 
0A3 
0A4 
OB2 
0 B3 
0C3 
O D3 

2D2! 
2E26 
4X 150A 

New 
5R4GY 
6J4WA 
218 
304TL 
4168 
5J29 
750T L 

807 

811 
815 

829B 
832 

832A 
866A 

Price 
S 

18.00 
1.95 
1.15 
8.00 

35.00 
18.95 

.50 
32.00 

1.00 
New 3.95 

2.50 
7.00 
3.00 
5.50 
2.95 

Price 
S6..95 

.80 

.75 

.20 

.30 

.30 

.90 
.90 
.75 

.75 

1.50 

.75 

1.50 

.90 

.40 

.30 

.30 

.75 

.90 

1.95 

2.45 

2.75 

1.00 

1.95 

EXTRA SPECIALS: 
ft 12 volt V I B 89C 
6 12 volt New VIB $1.49 
50 watt 25K Sprague Resistors 30' 

P.O. Box 55 Park Sta. 

ELECTRON TUBE CO. Paterson 3, N. 1. 

MICRO 

EËRY 
DEAL 
A FAIR 

DEAL 
Not Connected With Any 

Other Mail Order Tube Co. 

ALL TUBES SENT POST- 
AGE PAID. Please send 
35a handling for orders 
under $5. Send 25% 
dep. on C.O.D. orders. 
Send approx, postage 
on Canadian and for- 
eign orders. 

WRITE DEPT.FOR OUR FREE 
COMPLETE LIST OF TUBES & 

SPECIAL PURPOSE TUBES 
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at 30 watts for mobile and fixed use; tape decks; 
turntables; portable speakers: microphones; 
speakers; connectors; miscellaneous accessories; 
and other units comprising a complete system. 

SERVO MOTOR CATALOGUE 

51 
Vernitron Corporation has published a four- 
page brochure carrying detailed data and 

specifications on the electrical and dynamic per- 
formance of its new line of control servo motors. 

The catalogue which includes characteristics 
charts and dimensional line drawings. is a ready- 
reference for designers of servo amplifiers and 
automatic control systems. 

52 

HOME -STUDY COURSE DETAILS 
RCA Institutes, Inc. has announced a new 
and advanced method of teaching electronics 

in home -study courses to be known as "Auto - 
text." The new method involves programmed 
learning in which each step is carefully coordi- 
nated with statements. questions and answers, 
plus photos, practice lessons, and work kits. 

This new program is covered in the school's 
"Your Career in Electronics." a 66 -page catalogue 
which is available on request. 

TOWER LIGHTING EQUIPMENT 

53 
Rohn Manufacturing Co. is offering a four - 
page catalogue sheet covering its line of 

lighting equipment for installation on antenna 
towers and other structures where required. 

Pictured and described in detail are the B -1 

300 MM code beacon for use on TV, microwave, 
and transmission line towers; obstruction lights 
as warning of hazards to aerial navigation; bea- 
con flasher units: and junction boxes. Complete 
tower lighting kits are also covered. 

COMPONENTS CATALOGUE 
5A I.E.H. Manufacturing Co., Inc. has an 8 -page 
c} catalogue available designed especially for 

radio and TV service technicians. Included in 
the catalogue are CRT brighteners, test instru- 

ments, cot-- >lers. antenna switches, service exten- 
sion leads,-electronic hardware CRT accessories, 
and CRT adapters. 

PORTABLE INSTRUMENT LINE 

55 
Westinghouse Scientific Equipment Dept. 
has issued a four -page bulletin which de- 

scribes a series of a.c. and d.c. portable electrical 
indicating instruments which feature a taut - 
band pointer suspension system. 

Included in the listing are a.c. and d.c. mil - 
liammeters. ammeters and voltmeters, and r.f. 
(thermocouple -type) ammeters and milliameters. 

Please Note: Item 36 appearing in the Septem- 
ber issue (page 101) should have included the 
information that Knight Electronics Corp. is a 

division of Allied Radio Corporation. 

Answer to Electronic 
Crosswords 

(Appearing on page 83) 

A S H T P A D S R I G 

A N E I T E R A T I O 

M A X W E L L B R I D G E 

O R E S E M I 

D U L A O L E D Y P 

I L E T E N I E A S 
G A S F I L L E D L A M P 

H T A C T I V E S P Y 
T 

Q 

E 

U 

N D 

E E 

A R 

L 
T 

A 

Z 

T 

C 

E 

R 

M T S 

L 
D I A 
Y S T A 

S H R D R A I N ' I R E 

L F P O E C G S 

GREGORY ELECTRONICS 

SPECIAL PURCHASE 
We bought a large quantity of 2 -way radio units from a state police 
network and now pass huge savings on to you! 

LINK 6000 NW SERIES 

25.50mc 20F3 Em ssion 
Fully narrow banded (Tx and 
Rx), 12 volt, 50 watt. Corn- 
plete with all accessories, 
less crystals and antenna. 

$168.00 
Add $40 for crystals, tuning and brand new 
antenna -ready to go on your frequency. 

MOTOROLA 
450 -470 mc 

T44A1, 12 volts, 
complete with all ac- 
cessories, less crys- 
tals and antenna. 

$100 
Same unit less accessories. $ 70 

14486, 6/12 volts, complete with all accessories, less $125 
crystals and antenna. 

Same unit less accessories. $ 95 
T44A64, 6/12 volts, complete with all accessories, less $155 
crystals and antenna. 

Same unit less accessories. $125 
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Tremendous Selections and Savings! 

Guaranteed Reconditioned FM 2 -Way Mobile Radios 

G -E, RCA, Motorola and Others! Low, High and UHF Bands. 

WE BUY FOR CASH! Late model 2 -way radio equipment. 
State price, condition and quality. 

Write for New Fall- Winter 1963 Catalog 

GREGORY ELECTRONICS CORPORATION 

rr.ac Örv/cs.. -. 249 Rt. 46 Phone 773 -7550 Saddle Brook, N. J. 

-3 GaeGOrav 
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PIlOTO CREDITS 
Page Credit 

20 Bell Sound System, Inc. 

27 Motorola Inc. 

36 Burgess Battery Company 

40 H H. Scott, Inc. 

42, 43 Blonder- Tongue Laboratories, Inc. 

44, 45 Tung -Sol Electric Inc. 

53 Hewlett- Packard Company 

54 (Fig. 2, left) The Triplett Electrical Instrument Co. 

54 (Fig. 2, right) S meson Electric Company 

54 (Fig. 4) Electro Impulse Laboratory, Inc. 

55 (Fig. 5) Continental Electronics 8 Sound Co., Inc. 

55 (Fig. 6) General Radiotelephone Co. 

56 Bird Electronic Corporation 

70 (left) GC Electronics 

70 (right) Sencore 

74 Ballantine Laboratories 

75 Koss Electronics, Inc. 

Answers to " -Iron" Teasers 
(appearing on page 97) 

1. O 7. N 13. B 

2. F 8. C 14. M 
3. 9. H 15. K 
4. L 10. J 

5. E 11. D 16. G 

6. A 12. P 17. Q 

Now! For less 
than *2OO 0O 

The "Messenger -202" gives you all the pep, power, and 

performance you need for solid business communications! 

Priced within easy reach of any business, the "Messenger 202" 
packs the power to punch your signal across the miles with the crisp 
authority that gets things done! A complete 10 -tube (including 
rectifier) crystal -controlled AM transceiver, the "202" is F. C. C. 
type accepted for use in the Industrial, Public Safety, and Land 
Transportation services. Highly selective and sensitive superheter- 
odyne receiver -built -in "squelch " -automatic modulation limiter 
-AVC- automatic noise limiter circuits -and provision for 37 tone 
selective calling system. Designed for easy operation -fast, smooth 
installation -and simplified maintenance. Only 53/8 "x7 "x113 /s ". 

WRITE TODAY 
Descriptive 
literature and 
information - 
packed booklet -"2 -WAY 
RADIO for your Business" 

JOHNSON 

E. F. JOHNSON COMPANY 
1102 Tenth Ave. S. W. Waseca, Minnesota. 

Please rush full details on the "Messenger202" 

NAME 

ADDRESS 

CITY STATE 

Manufacturers of World's Most Widely Used Personal Communications Transmitters 
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ELECTRONICS MARKET PLACE 
RATE: 60Q per word. Minimum 10 words. December issue closes October 5th. Send order and remittance to: 

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. 
FCC LICENSE in six weeks. First class radio telephone. 
Results guaranteed. Elkins Radio School, 2603C, In- 
wood, Dallas, Texas. 
HIGHLY -effective home study review for FCC commer- 
cial phone exams. Free literature! Wallace Cook, Box 
10634, Jackson 9, Miss. 
TRANSISTOR Course -Gain Practical, broad knowledge 
about transistors: Principles, Construction, Specifi- 
cation, Application. Complete home study course. 
Individualized instruction. Licensed State of Pennsyl- 
vania. Free information. Price School, 2710 Laurel, 
North Hills, Pa. 

DRAFTING Home Course $15.00 (Blueprint Reading, 
Electronic, Mechanical, Architectural, Art). Prior Inc., 
23 -09 169 Street, Whitestone 57, New York. 
TEST Equipment. Frequency meters, signal generators, 
scopes. Many other electronic components. Echols 
Electronics, P.O. Box 5522, Arlington 5, Virginia. 
ENGINEERING and Art Degrees earned through home 
study. Electronics, mechanical, liberal arts, major ac- 
counting. When writing specify course desired. Pacific 
International College of Arts & Sciences, primarily a 
correspondence school. Resident classes also available. 
5719 -C Santa Monica Blvd., Hollywood 38, California. 

FOR SALE 
GOVERNMENT Surplus Receivers, Transmitters, Snoop - 
erscopes, Parabolic Reflectors, Picture Catalog 100. 
Meshna, Malden 48, Mass. 
INVESTIGATORS, free brochure, latest subminiature 
electronic listening devices, Ace Electronics, 115001 
NW 7th Ave., Miami 50, Florida. 
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. 
MILITARY Discount -Name Brands Free Recording Tape 
and Stereo Handbook. Include Rand and Serial Num- 
ber. Electronics International, Inc , Box 3066, Char- 
lottesville. Virginia. 
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. 

CANADIANS -Giant Surplus Bargain Packed Catalogs. 
Electronics, Hi -Fi, Shortwave, Amateur, Citizens Radio. 
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill, 
Montreal, Canada. 
TRANSISTORIZED Products importers catalog, $1.00. 
Intercontinental, CPO 1717, Tokyo, Japan. 
"LISTEN -in- coil" picks up any telephone conversation 
in vicinity. No connection to telephone necessary. 
Easily concealed. $2.98 complete. Consolidated Acous- 
tics, 1302R, Washington St., Hoboken, N.J. 
CONVERT any television to sensitive, big- screen oscil- 
loscope. Only minor changes required. No electronic 
experience necessary. Illustrated plans, $2.00. Relco, 
Box 10563, Houston 18, Texas 

GARAGE Door Openers $60. Radio Controls. Sales. 
Service. Sefton, 8309 Fenton Street, Silver Spring, 
Maryland. 
CB transmitters $6.00. Other bargains send 100 for 
list. Vanguard 190 -48 99th Ave., Hollis 23, N.Y. 

GREATEST Buys! Electronic surplus list 100 Western 
Electric Mercury Wetted Relay SPST 5 AMP Contacts, 
Only $2.95 Postage Paid 2 for $5. ($15. Value) Fertik's, 
9th Tioga, Phila. 40, Pennsylvania. 
DIAGRAMS for Repairing Radios $1.25, Television 
$2.50. Diagram Service, Box 1151E, Manchester, Conn. 
REVERBERATION Units (Hammond) with transistorized 
preamplifier $22.95, without preamplifier $19.95 
latest type, free details, Harvey Organ Electronics, 
Box 268, Harvey, Ill. 

TUBES 
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. 

BEFORE you buy receiving tubes, test equipment, Hi -fl 
components, kits, parts, etc.... send for your giant 
free Zalytron current catalog, featuring Standard brand 
tubes; RCA, GE, etc. -all brand new premium cuality 
individually boxed. One year guarantee -all at biggest 
discounts in America! We serve professional service- 
men, hobbyists, experimenters, engineers, technicians. 
Why pay more? Zalytron Tube Corp., 461 Jericho Turn- 
pike, Mineola, N. Y. 

FREE Catalog -name brand tubes 65% discount, phono 
needles 80% or more discount, phono cartridges, 
picture tubes 750 inch, parts, parts kits, silicon and 
selenium rectifiers. transmitting tubes, 7" T.V. test 
tube $6.99, imported batteries tube testers etc. Want 
to swap or sell tube inventory? Send us your offering. 
Arcturus Electronics Corp., Dept. Z.D., 502 22nd St., 
Union City. N.J. 

WANTED 

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). 

INVENTORS. We will develop, help sell your idea or 
invention, patented or unpatented. Our national manu- 
facturer clients are urgently seeking new items for out- 
right cash sale or royalties. Financial assistance avail- 
able. 10 years proven performance. For free informa- 
tion, write Dept. 42, Wall Street Invention Brokerage, 
79 Wall Street, New York 5, N.Y. 

TAPE AND RECORDERS 
TAPE Recorders, HI -Fl Components. Sleep Learning 
Equipment, Tapes. Unusual Values. Free Catalog. Dress - 
ner. 1523 EW Jericho Turnpike, New Hyde Park 10, N.Y. 

RENT Stereo Tapes -over 2,500 Different -all major 
lab =_is -free brochure. Stereo -Parti, 1616--E. W. Ter- 
race Way, Santa Rosa, California. 

SELF -Hypnosis. New concept teaches you quickly by 
tape or LP- record. Free literature. McKinley Publishers, 
Dept. T6, Box 3038, San Bernardino, California. 

SAVE 30% Stereo music on tape. Free bargain catalog/ 
blank tape /recorders /norelco speakers. Saxitone, 1776 
Columbia Road, Washington, D.C. 

RECORDING tape, top quality by major U.S. manufac- 
turer. 1800 feet, 1 mil, 7 inch reel, $1.95 each, 10 for 
$17.70 postpaid. Money -back guarantee. Western Mag- 
netics, Box 3722, Portland 8, Oregon. 

RECORDING Tapes. Free sample. Mail 250 (Handling). 
Towers, Lafayette Hill, Penna. 

TAPE Recorder Sale. Latest Models, $10.00 above cost. 
Arkay Sales, 22-21 Riverside Ave., Medford 55, Massa- 
chusetts. 

RECORDING tape highest quality 1800' Mylar 7" reel 
10 for $18.50 postpaid. Moneyback guarantee. Lowest 
quotes: all components, recorders. Pofe Electronics, 
1716 Northfield, Muncie, Indiana, 47304. 

REPAIRS AND 
SERVICING 

TV Tuners Rebuilt and Aligned per manufacturers spe- 
cification. Only $9.50. Any Make UHF or VHF. We ship 
COD Ninety day written guarantee. Ship complete with 
tunes or write for free mailing kit and dealer brochure. 
JW Electronics. Box 51B, Bloomington. Indiana. 
METERS -Multimeters Repaired and Calibrated. Free 
estimates -Catalog. Bigelow Electronics, Box 71 -F, 
Bluffton, Ohio. 
TV Tuners Rebuilt and Aligned to Specifications. 
Guaranteed All Makes, One Price. $9.50 Complete. 
Plus Shipping. Valley Tuners, 5641 -B Cahuenga, North 
Hollywood, Calif. 

HIGH - FIDELITY 
HI -Fl Components, tape recorders at guaranteed "We 
Will Not Be Undersold" prices. All brands in stock. 
15 -day money back guarantee. 2 year warranty. Write 
your requirements for quotation. No Catalog. Hi- 
Fidelity Center 1797L 1st Ave., New York 28, N.Y. 

RECORDERS, Components! Free wholesale catalogue! 
Carston, 125 -R, East 88, N.Y.C. 28. 

ELECTRONICS WORLD, One Park Ave., N. Y. C. 16, 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. 
DI6 -4191. 

LOW, LOW quotes: all components and recorders. Hi -Fi, 
Roslyn 9. Penna. 

WRITE for lowest quotations, components, recorders. 
No Catalogs Hi- Fidelity Supply, 2817 -GC Third, New 
York City 55. 

"FM /Q" Metropolitan Broadband Antenna, the finest 
compact yagi made, completely rustproof, only $14.95 
prepaid. FM Book with station directory 300. FM /Q, 
Wethersfield, Connecticut. 

RECORDS 

RARE 78's. State Category. Write Record -Lists, P.O. 
Box 2122, Riverside, Calif. 

PATENTS 
PATENT Searches, $6.00! Free "Invention Record 
Information. Miss Hayward, 1029 Vermont, Washing- 
ton 5, D.C. 

BOOKS 
AUTHORS! Learn how to have your book published, 
promoted, distributed. FREE booklet "ZD," Vantage, 
120 West 31 St., New York 1 

BOOKS New Out -of- print. Order from Wallace Hill, 
Books, Electronics Dept. Malvern, Arkansas. 
WANTED: Short stories, books, articles, plays of all 
descriptions for sale to publishers, producers. Free 
literature! Literary Agent Mead, Dept. 39A, 915 Broad- 
way, N. Y. C. 10. 

ANTENNA Book: "Antennas Made Easy ", Illustrations 
and instructions, with dimensions anyone can follow to 
erect amateur antennas. Rush $2.00, Radio Engineering 
Press, Box 545, Chipley, Florida. 
HORROR Books -Buy direct! Save 50% Bargains, Dis- 
counts! Free literature. The world famous Trans -In- 
ternational Publishing Co. Box 2942 Paterson, New 
Jersey. 

BUSINESS 
OPPORTUNITIES 

HIGH income in your own wired -music business. Free 
details! CSOE, Box 10634, Jackson 9, Miss. 

SHOPPING GUIDE 
CLASSIFIED 

A HANDY GUIDE TO PRODUCTS, NOT NECESSARILY 
ELECTRONIC, BUT OF WIDE GENERAL INTEREST. 

GOVERNMENT 
SURPLUS 

GOVERNMENT Surplus Direct From Government. Jeeps 
$264.00. Radios $2.53, Typical Prices. Guns, Type- 
writers, Cameras, Tools, Thousands More. Amazing 
Low Prices. How, Where To Purchase, Merchandise 
Available, Etc., Only $1.00 To: Surplus, P.O. Box 50512, 
Dept. R, New Orleans 50. Louisiana. 
GOVERNMENT Surplus Sales Bulletin - "Directory - 
Procedure" - 500 - Industrial, Box 770(A), Hoboken, 
N.J. 

JEEPS -$111.68, Typewriters -$4.15, Receivers -$5.65, 
Televisions, Recorders, Oscilloscopes, Multimeters. 
Typical Government Surplus Prices. Exciting Details 
Free. Enterprises, Box 402 -65, Jamaica 30, New York. 
JEEPS $178, 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, 607 locations, procedure only $1.00. Sur- 
plus Box 177 -C1 Abbottstown, Penna. 
JEEPS $111.68, Boats $6.18, Airplanes, Electronics 
Equipment, Typewriters, thousands more, typically at 
up to 98% savings. Complete information $1.00. Sur- 
plus Service, Box 820, Holland 11, Michigan. 
IF you have something good to sell, then let the 
readers of Electronics World know about it by placing 
a classified ad in this space. It costs very little - 
only 60h a word. Write: Martin Lincoln, Electronics 
World, One Park Avenue, New York 16, New York. 
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STAMPS AND COINS 
SMASHING collection free. Includes triangles, early 
United States, rockets, sports, British colonies, high 
value pictorials, etc. Complete collection plus big. 
illustrated magazine, all free. Send 10g for postage. 
Gray Stamp Co., Dept. Z2, Toronto, Canada. 
20 Different Commemoratives 1893 up 10Q. U. S. Ap- 
provals, K & B, Box 70, Brooklyn 23, N. Y. 

SPACEOPHOBIA? 10C brings premium. 2ç approval 
cure. B!(J Boston 23, Massachusetts. 

PHOTOGRAPHY - FILM, 
EQUIPMENT, SERVICES 

MEDICAL FILM -Adults only -"Childbirth," one reel. 
8mm $7.50; 16mm $14.95. International W, Greenvale, 
L.I.. New York. 
SCIENCE Bargains- Request Free Giant Catalog "CJ" 
-144 pages -Astronomical Telescopes. Microscopes, 
Lenses. Binoculars. Kits. Parts. War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 
SATISFACTION Guaranteed aircraft transparencies, lit- 
erature 10C deductible. Aeroslides, Richelieu, Quebec. 
Canada. 
WANT to sell good equipment and accessories? Place 
a low -cost classified ad in this space. For information, 
write: Martin Lincoln, Electronics World, One Park 
Avenue, New York 16, N.Y. 

EMPLOYMENT 
INFORMATION 

FOREIGN Employment. Construction, other work proj- 
ects. Good paying overseas jobs with extra, travel 
expenses. Write only Foreign Service Bureau, Dept. D, 
Bradenton Beach, Florida 
EMPLOYMENT RESUMES. Earn more by presenting your- 
self to prospective employers effectively. Send only 
$2.00 for resume writing instructions. Or send com- 
plete job, educational and personal facts plus $20.00 
(cash or money order) for your own complete, personal 
resume, $30.00 for 200 copies printed on white bond 
paper. J. Ross, 63 -61 Yellowstone Blvd., Forest Hills 
75, New York, Dept. 6 J. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your recorder, 
phonograph. Astonishing details, sensational catalog 
free! Sleep- Learning Association, Box 24 -ZD, Olympia, 
Washington. 
LEARN while asleep. Remarkable, scientific. 92% ef- 
fective. Details free. ASR Foundation, Box 721, Dept. 
e.g., Lexington, Kentucky. 

BUSINESS 
OPPORTUNITIES 

INVESTIGATE Accidents -Earn $750 to $1,000 monthly. 
Men urgently needed. Car furnished. Business ex- 
penses paid. No selling. No college education nec- 
essai y. Pick own job location. Investigate full time. 
Or earn $6.44 hour spare time. Write for Free Litera- 
ture. No obligation. Universal, CZ -10 6801 Hillcrest, 
Dallas 5. Texas. 
$100 weekly possible. Complete mailing lists and ad- 
dress envelopes for advertisers. Home -spare time. 
Particulars free. National Service, 81, Knickerbocker 
Station, New York City. 
MAKE $25 -$50 week clipping newspaper items for pub- 
lishers. Some clippings worth $5.00 each. Particulars 
free. National, 81, Knickerbocker Station, New York 
City. 
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. 
MAKE Durable Building Plastic Easily. Waterproof. fire- 
proof. economical. Bays Laboratory, Cedaredge 8, 
Colorado. 
SONGS into $$$$$ -New, unknown Songwriters, Song - 
poets. Composers share $33 millions yearly. Any sub- 
ject. we collaborate, publish, promote. Largest firm 
information, appraisals Free. Send Nordyke Publishers, 
6000 Sunset, Hollywood, California 3- 90028. 
EARN Money at home sewing or assembling our prod- 
ucts. No charge for material to fill store orders. Write: 
Jiffy Company, Hot Springs 22, Arkansas. 

MISCELLANEOUS 
HYPNOTIZE Unnoticed, quickly, effortlessly, or refund! 
Thousands delighted! $2.00. Minter, Box 244 -D, Cedar - 

burg, Wisconsin. 
WILD Labels, bumper strips! Strange, startling, un- 
conventional! Krazy Labels, Box 15 -H, Olympia, Wash- 
ington. 
Your classified ad in this space will be read by more 
than 200,000 buyers. It costs only 60C per word. For 
information, write: Martin Lincoln, Electronics World, 
One Park Avenue, New York 16, N.Y. 
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Beauty 
TO UHF CONVERTERS 
The Model "A ", the only UHF converter 
you can show and sell with pride. Designer 
styled in beige and tan to blend with today's 
decor ... to harmonize with modern TV 
cabinet design. Standard waited . . . and 
tested, analyzed, and re- tested until they 
could bring you the quality instrument you 
and your customers have a right to expect 
from the leading manufacturer of tuners. As 
a result, you now have a converter which is 
beautiful, profitable, and dependable. 

PERFORMANCE 
YOU CAN SEE 
New low- noise, shielded tuner 
permits fine tuning for all 70 UHF 
channels. Functions perfectly 
with color or black and white sets. 
Two simple controls: one for 
VHF, UHF, and "off" . . . the 
other for channel selection and 
fine tuning. The "SK" installs in 
about a minute with just a screw- 
driver. 

Contact your Standard representative ... or write 

POWER IN 
PROMOTIONAL 
SUPPORT With a first 
order of 12 units or more, Stand- 
ard supplies 3 newspaper ad mats 
... 3 radio spot scripts ... ma- 
terials for a powerful TV spot 
... 2 -color catalog sheets ... a 
giant (3' x 6') 2 -color window 
banner ... a counter card ... as 
many pre -printed jumbo post 
cards as you can use PLUS hard 
hitting ads in TV Guide. 

Feature this exciting counter -top 
display carton 

standard ko1/sman INDUSTRIES, INC. 
Formerly Standard Coil Products Co., Inc., Melrose Park, Illinois / WORLD'S LARGEST MANUFACTURER OF TELEVISION TUNERS 
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TOP PERFORMANCE AT ROCK-BOTTOM COST 
With money- saving RCA Electronic instrument Kits 

e ro 

RCA WV -76A (K) 
HIGH SENSITIVITY AC VTVM KIT 
Measures AC Voltages .0002 -Volt tc 500 'Jo is 
Doubles as a Preamplifier 

An excep onal two -way kit value! As a high sensitivity AC VTVM the new RCA WV -76A 
measures AC voltages from 10 my to 100 v full -scale in nine overlapping ranges; 
special '1)w -cap" switch on probe extends upper range limit to 500 v. As a flat - 
response preamplifier, it provides a 38 db n-axinwm gain on the 10 my range. 

Flat frequency response ± 1 db from 10, cps to 1.5 Mc with probe on "direct''; 
and frxn 10 cps tc 500 kc with probe swi -Glee to " ow- cap." 
High imut impedaice for accurate measve-nents it circuits sensitive to loading. 

Easy -t. -use, direct -reading decibel scales 

Pre -assembled shielded probe and cable, all -metal case eliminate stray pickup. 
Large Tower -supply filter minimizes hum. 

Compact, lightweight, portable. 

Kit price only $57.95* Factory -wired and calibrated: $79.95* 

RCA WV -98C (K) 
SENIOR VOLTOHMYSTt) KIT 

Special 0.5 -volt DC range tor tran- 
sistor circuits. Measures: AC voltages 
3.2 to 4200 Peak to peak- including 
complex waves -and 0.1 to 1500 rms; 
DC voltages 0.0: to 1500: Resistances 
0.2 ohm to :,000 megohns. Pre -as- 
sembled, AC /CC -OHMS probe. Big 61/2" 
meter. AC, DC accuracy: -±3% FS. 

Kit: $57.95" Factory Wired: $79.50" 

RCA WG -307B 11(1 TV BIAS SUPPLY KIT 

Three separate DC outpLt voltages 
each adjustab e from 0 to 15 volts 
provide bias volages for s lining RF, 
IF and other circuits of color and black - 
and- white TV receivers. Kit $11.95" 

RCA WV -77E (K) VOLT OHMYSTC KIT 

Separate 1.5 -volt rms and 4 -volt peak - 

to- peak scales for accurate Icw AC 
measurements. Measures AC and DC 
voltages to 1500 vo ts, resistances 
from 0.2 ohm to 1,000 negohms. Ultra - 
slim probes, long flexible leads. 

Kit: $29.95" Factory Wired: $43.95" 

See them all at your 

Authorized RCA 
Electronic Instrument 

Distributor 

For specifications End technical 

data on individual kits, write 
Commercial Engineering, Section 
J -41 -W,RCA Electnnic Compo- 

nents and Devices, Farrison, N.J. 

RCII WV -38A (K) 
VOLT- OHM -MILLIAMMETER KIT 

Accurately measures AC and DC volts, 
ohms, D: current, and decibels. Spe- 
cial 0.25 -volt and 1.0 -volt DC ranges. 
51/4" me ter in plastic case -no glass 
to crack :rshatter. Jacks located bel m 
switches to keep leads out of the way. 
Spring dips or handle to hold leads. 

Kit: $29 95* Factory Wired: $43.95° 

RCA WI -93A (V) TRANSISTOR -RADIO 
DYNAMIC DEMONSTRATOR KIT 

Working six- transistor radio on color - 
coded panel beard for instructional 
and demxistration purposes. Remov- 
able core ponents. Includes 304 -page 
RCA transistor manual containing de- 
tailed da :a on 373 semiconductor de- 
vices, representative transistor cir- 
cuits, basic theory. Kit: $39.95* 

RC A WO-33A (N) PORTABLE 'SCOPE KIT 
For trouble -sheeting B &W and color TV, 
radio, hi -fi, tape recorders. Exceptional 
gain and bancwid-h (response to 5.5 
Mc) for toughest jobs. Scaled graph 
seen and internal calibrating volt- 
age source for di'ect reading of peak - 
to-peak voltage. Supplied with direct/ 
low -cap shielded cable. 

Ki-: $79.95* Factory Wired: $129.95* 

RCA WE -95A (K) VOLT- OHM -MILLIAM- 
M_TER DYNAMIC DEMONSTRATOR KIT 

A Junctional, acarate V -0 -M laid out 
or panel board for instruction and 
demonstration. Each basic circuit sep- 
arately color coded. Measures AC volts, 
DC volts, DC current and ohms. One 
of the most useful test instruments in 
electronics. Kit: $37.95* 

The Most Trusted Name in Electronics 


