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One out of every five 
professional servicemen 

has switched to Amperex 
TV replacement tubes 

It takes a lot of quality to change the buying habits 
of 200 /0 of the most knowledgeable technicians in 
the business. These servicemen are following the 
pattern set by the leading TV manufacturers. who are 
designing more and more of their quality lines around 
tubes originated by Amperex. The Amperex line of 
popular types is expanding al the time. Look for the 
green and yellow cartons at your distributor's or write: 
Amperex Electronic Corp., Hicksville, L. I., N.Y. 11802. 

Amperex 2111 
T0M0RRO'W'S rHINKINÙ IN TCUAY'S PRODUCTS 
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You are now in Radar Sentry Alarm's r.f. microwave field. 
Don't move a muscle! 

This security system is so sensitive, it can be 
adjusted to detect the motion of your arm turning 
this page. 

And if this Portable Model Unit were within 35 feet 
of you and you moved ... people up to a half -mile away 
could hear the siren. Plus with optional equipment, 
it can detect fire...turn on lights...even notify police. 

What does a burglar alarm have to do with you? 
Just this: Radar Sentry is no ordinary alarm. It is 

the most modern and effective security system avail- 
able. And it's also electronic. 

That's why we need you. We need Dealers with 
technical knowledge. For the most successful Dealers 
for Radar Sentry Alarm are men who know electron- 
ics. This is a product that sells itself when demon- 
strated properly. 

It's been proven time after time. In fact, many of 
the more than one thousand readers of electronics 
magazines who became Dealers in the past year - 
sold a system on their first demonstration. 

And that's why we need men with technical knowl- 
edge and experience. 

Men like you. 

E Circle 7 on reader's service cord 

How about it? 
Do you want to start a business of your own ... 

or expand your present business with a product that in 
8 yea -s has become the world -wide leader in its field? 

Do you want to earn up to $5,000 a year in 
your spare time? 

Do you want to earn $20,000 and more full time? 
We'll show you haw. 

O.K., now you can move. 
Fill out the coupon and get complete Dealer/Distributor 
information ...free. 
r 

Mail to: RADAR DEVICES MANUFACTURING CORP. 
22003 Harper Ave., St. Clair Shores, Michigan 48080 

Please tell me how I can have a business 
of my own distributing Radar Sertry Alarm 
Systems. I understand there is no obligation. 

Name 

Address 

City 

RE-7 

Circle 8 on reader's service card 
State & Code 
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FROM THE EDITOR 

Microelectronics and Test Instruments 

WHEN THE MICROELECTRONIC circuit -now 
called an integrated circuit or IC -made its 

debut in consumer electronics a little more than a 
year ago, it started a trend that is certain to bring 
about revolutions in our servicing techniques and in 
the design of test instruments. These tiny signal -proc- 
essing modules, no larger than a small -signal tran- 
sistor, are replacing complete stages using discrete 
components that occupy hundreds of times as much 
space. Thus, in the main, we can expect miniaturiza- 
tion in consumer electronics to an extent that we 
would not have dreamed of a few years ago. 

A number of late -model TV sets use an IC in 
the sound i.f. system. Within the next few years, we 
can expect to find IC's in many other circuit applica- 
tions. It is not difficult to imagine a single IC replac- 
ing the TV sync separator, sync amplifier and dis- 
criminator. A second IC, probably a pair of flip -flops, 
will replace the vertical and horizontal oscillators in 
the deflection circuits. At the present time, trans- 
formers or capacitors are required for coupling be- 
tween IC's in many applications. However, the new 
resonant -gate transistor and similar advances in semi- 
conductor technology can be expected to eliminate 
these in short order. Soon we will have IC's working 
from audio well up into the microwave region while 
handling large amounts of power without resorting to 
bulky heat sinks. 

Since transistors and diodes are used in IC's to 
replace many of the discrete capacitors and resistors 
in conventional circuitry, we'll have fewer test points. 
Our present ohmmeters and capacitor checkers won't 
be enough to do an efficient troubleshooting job. We 
will have to develop new servicing techniques to iso- 
late trouble in equipment using IC's. 
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Probably the most practical method of servicing 
equipment composed chiefly of IC's will be a com- 
bination of signal tracing and signal substitution. Our 
test instrument will be a modern -day version of the 
old Meissner Analyst or Rider Chanalyzer- probably 
the most versatile of test instruments available in the 
late 1930's, and early 1940's. 

All solid -state and battery- operated, the TV tester 
of tomorrow will incorporate a complete video genera- 
tor supplying composite video signals at rf carrier fre- 
quencies, along with separate sound i.f., video i.f., 
sync, video, color -burst and horizontal- and vertical - 
deflection signals for injecting into suspected stages. 
A wideband scope and digital -type high- impedance 
voltmeter will be included for signal tracing and 
monitoring. To complete the test -instrument lineup, 
we may have a similar instrument designed for AM, 
FM and FM /multiplex servicing. In fact, such an in- 
strument may well be combined with our TV tester 
to give the service technician a very versatile test 
instrument. 

To get a preview of our tester of tomorrow, imag- 
ine the test instruments on our cover combined with a 
vtvm and miniature scope. We could develop a very 
useful package hardly larger than a modern tube 
tester. Our tester's minimum size would be deter- 
mined, not by the electronics, but by the minimum 
practical dimensions of its operating controls and 
read -out devices such as meters and calibrated dials. 
By incorporating IC's in our design our tester will be 
more immune against the effects of voltage and tem- 
perature changes and mechanical shock than if we 
were to use discrete components. Thus, testers of to- 
morrow will be as stable and precise as laboratory 
standards of today. -Robert F. Scott 

RADIO -ELECTRONICS 
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Radio- Electronics 
July 1967 VOL. XXXVIII No. 7 

Over 55 Years of Electronics Publishing 

EDITORIAL 

2 Microelectronics and Test Instruments Robert F. Scott 

TEST INSTRUMENT PROJECTS TO BUILD 

32 Transistor Stereo Generator John B. Payne III 
Battery- operated and portable, it's 
designed to make FM stereo servicing a cinch i 36 Build DOTnBAR -A Professional 
Quality Pattern Generator Don Lancaster 
A portable instrument for TV linearity checks 

44 Build An Audio Tone -Burst Generator Richard J. DeSa 

-' Useful in checking transient 
response of amplifiers and speakers 

47 FM at Your Fingertips Kenneth F. Buegel 
Want an rf source in the 88 -108 MHz band? 
Here's a project that's the answer 

54 IC Sine -Square-Saw Generator Earl T. Hansen 
A battery - or ac- operated construction project 

66 Mr. IC - Tracer of Lost Signals Lyman E. Greenlee 
New, compact version of one of the oldest 
troubleshooting instruments of all 

SPECIAL ON TEST INSTRUMENTS 

50 WANTED: Test Instrument Info Robert F. Scott 

58 Check and Recalibrate Test Gear Joseph R. Getz 
How to keep your troubleshooting 
tools in tiptop condition 

69 Equipment Report: Knight -Kit KG -2100 
Laboratory Oscilloscope 

GENERAL ELECTRONICS 

41 Solid State in Electric Appliances Thomas R. Haskett 
More information about tools and machines 
you may be using today (and servicing tomorrow) 

85 R -E Puzzler 
91 R -E Puzzler Answer Edmund A. Braun 

s 
SERVICING 

16 In the Shop ... With Jack Jack Darr 
Service Clinic 

62 Man's World? Not To These Women Sally O. Smyth 
Female electronics technicians and 
engineers of today 

79 Down With Knob Twisting Frank Hadrick 
New automatic tine tuning system and Carl Michelotti 
used in line of TV receivers 

80 Verifying Amplifier Performance Peter E. Sutheim 
How to make simple audio measurements 

THE DEPARTMENTS 

14 Correspondence 4 News Briefs 

91 New Books 
90 Noteworthy Circuits 
84 Technotes 

78 New Literature 91 Try This One 

73 New Products 78 What's Your EQ? 

86 New Semiconductors, 89 50 Years Ago 

Microcircuits & Tubes 70 Reader's Service Page 

L711FAI 

p 32 -FM STEREO 

p 44 -AUDIO BURSTS 

p 47 -FM GENERATOR 

Ta or Vallar wi orvcra 

p S8- INSTRUMENT CARE 

p 66 -HUNT SIGNALS 

RADIO - ELECTRONICS, 
JULY 1967, Volume XXXVIII, 
No. 7. Published monthly by 
Gernsback Publications, Inc., at 
Ferry St., Concord, N. H. 03302. 
Editorial, Advertising, and Ex- 
ecutive offices: 154 West 14th 
Street, New York 10011. Circ- 
ulation Office, Boulder, Colo. 
80302. 

Second -class postage paid at 
Concord, N. H. Printed in 
U.S.A. One -year subscription 
rate: U. S. and possessions, 
Canada, $5. Pan -American 
countries, $6. Other countries, 
$6.50. Single copies: 60c. 
® 1967, by Gernsback Publica- 
tions, Inc. All rights reserved. 
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delivered copies (Form 3579) 
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VIDEO PATTERNS 

p 36- Nobody likes to 
watch a nonlinear TV 
picture. Here's a compact, 
portable pattern generator 
you can build. It makes 
linearity adjustments a snap. 

SOLID -STATE MATCH 

p 41 -A "cold" gas range 
that's ignited by an SCR; 

a transistorized clothes 
dryer that shuts itself off 
when the load is dry- 
these are two uses of semi- 
conductors in appliances. 

Member, 
Institute of High Fidelity. 

Radio-Electronics is indexed in 
Applied Science & Technology 

Index (formerly Industrial 
Arts Index) 
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NEWS BRIEFS 
TIME SIGNALS 

Standard frequency and time sta- 
tions WWV (Fort Collins, Colo.) and 
WWVH (Maui, Hawaii) are now mak- 
ing voice announcements in Greenwich 
Mean Time (also known as Universal 
Time, or UT). The National Bureau 
of Standards stations thus have joined 
time and frequency stations in other 
countries which have been making an- 
nouncements in GMT for some time. 

Low- frequency WWVB (which 
does not make time announcements in 
voice) is one of only two stations cur- 
rently transmitting the internationally 
recognized unit of time -the atomic 
second -in a coordinated system. 
DCF77, at Mainflingen, West Ger- 
many, transmits pulses which are 
synchronized to within 1 msec of those 
from WWVB. Both stations use the 
Stepped Atomic Time System; time 
pulses are one atomic second apart, 
and carrier frequencies remain con- 
stant at their nominal values. 

INFRARED DATA TRANSMISSION 

An unusual method of sending 
information is used at Expo 67 -the 
international exposition held at Mon- 
treal, Canada this year. Stock quota- 
tions from the Montreal Stock Ex- 
change are converted to electrical 
impulses and fed to a device using a 
crystal of gallium arsenide. The crystal 

changes the signals into variations in 
a beam of infrared light, which is trans- 
mitted almost 2 miles to the Expo 67 
grounds. 

A second infrared beam is used 
to transmit signals from an IBM corn - 
puter in the Canadian pavilion to a 
graphic display terminal (shown in 
the photo) in the Man- the -Producer 
pavilion half a mile away. 

Experimental light -beam data 
transmission was developed by engi- 
neers at IBM's Systems Development 
Division laboratories at Poughkeepsie, 
N.Y. 

MORE ON WALKIE- 
TALKIE RULE CHANGE 

As reported in this column in 
our April 1967 issue, the Federal 
Communications Commission has pro- 
posed to change its regulations govern- 
ing 100 -mW Part 15 transmitters oper- 
ating in the 27 -MHz Citizens band. 
Chief provision is to move license -free 
walkie- talkie operation to 5 channels 
in a band from 49.9 to 50.0 MHz. 

If adopted, the new rules would 
also require the following: frequency 
tolerance of .01 %; total dc power input 
under any modulation condition not to 
exceed 100 mW; superregenerative 
detector in associated receiver pro- 
hibited; transmitter must be type ap- 
proved; certain limitations on spurious 
emissions. 
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Present 100 -mW operation in the 
27 -MHz band would be permitted for 
7 years following adoption of the new 
regulations. 

MAJOR ANTENNA BREAKTHROUGH? 

Ever since Marconi stretched a 
longwire and copied history's first DX, 
the problem of antenna size versus 
available space has given engineers 
and technicians headaches. An antenna 
which is physically small (compared to 
wavelength) simply doesn't capture 
very much signal. Hence its gain is 
low and it doesn't respond very well 
to weak signals. For convenience, 
however, most people prefer small 
antennas; TV rabbit ears are a good 
example. Yet such antennas are in- 
efficient. 

Three recent developments could 
mean a really efficient yet small an- 
tenna. Putting an rf preamp at the 
antenna terminals has been done for 
some time for a greatly improved sig- 
nal /noise ratio. But the relatively 
recent development of inexpensive 
high -gain rf transistors has made pos- 
sible a type of antenna which is a 
combination of active and passive 
elements. The idea they seem to share 
is to "marry" transistors to individual 
antenna elements. 

Late in April the US Air Force 
revealed what was called a Subminia- 
ture Integrated Antenna (SIA). As 
shown in the drawing, transistors are 
connected between the antenna ele- 

CORRECTION 

In the schematic of the 
walkie- talkie power booster, 
page 60 of the March issue, there 
should be a connection between 
the emitter return and the B- 
bus. The dot indicating the con- 
nection should be at the point 
where the line from the fixed 
contact of SI -b crosses the hori- 
zontal line connecting C6, C7 and 
the emitter of the transistor. 

We thank Mr. Bernard C. 
Lafreniere, of San Diego, Calif. 
for calling this to our attention. 

RADIO -ELECTRONICS 
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Employers, Educators, Workers Alike, Say: 

"GET A GOOD EDUCATION TO BE 

SUCCESSFUL IN ELECTRONICS" 
In far less time than you may think, DeVry's 
highly respected educational programs provide 
the very kind of background needed to start a 
real career or to earn profitable promotions in 
electronics. Thousands of men in the industry 
right now credit their success to DeVry Tech. 

At home in spare time and in our Chicago, 
Phoenix or Canadian resident schools, DeVry 
men 17 -45 get practical experience working 
with real equipment and on- the -job -type cir- 
cuits.. They learn all- important theory from 
"programmed" texts, one of education's most 
modern aids. Home students even get the bene- 
fit of instructional 16 mm. motion pictures. 

DeVry also offers valuable EXTRA SERV- 
ICES: career -long graduate Placement Service 
... Guidance and Counseling ... Consultation 

APPROVED FOR VETERANS 

Mail Coupon for 2 FREE Book lets 
Accredited Member of National Home Study Council 

DEVRY If1STITUTE OF TECHfIOLOGY 
4141 BELMONT AVENUE, CHICAGO, ILLINOIS 60641 

Service during and after training ... Housing 
and part -time Employment Service for resident 
students - all at NO ADDED COST. 

Fill in and mail the coupon below for free 
facts on how YOU may prepare for a start in 
the growing opportunity field of electronics. 

A SUBSIDIARY OF Er BELL °HOWELL 

DeVRY INSTITUTE OF TECHNOLOGY 
4141 Belmont Avenue, Chicago, Illinois 60641, Dept. RE -7-X 

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

Space -Missile Electronics I PREFER: 
Television and Radio Resident School 
Microwaves and Radar Day classes 
Automation- Computers -Controls Evening classes 
Broadcasting- Communications Home study 

Name Age 

Address 

City 
State or 
Province 

Apt. 

Zone or 
Zip Code 

Check here if you are under 16 years of age. 
HOME STUDY AND RESIDENT SCHOOL PROGRAMS 

2105 AVAILABLE IN CANADA. SEND FOR DETAILS. 
Cirrle 9 on reader's service card 
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Number 13 in a series of discussions 
by Electro -Voice engineers 

CURVING 

THE 

COLUMN 
JOHN R. GILLIOM 
Loudspeaker Project Engineer 

Some of the most difficult sound reinforcement 
problems occur in indoor areas plagued with 
heavy reverberation, echoes, and similar ailments 
caused by unwanted reflections of sound. In re- 
verberant space it is particularly desirable to 
direct all the acoustic power from the loud- 

speakers toward the audience, with as little power 

as possible bouncing around in the space ab,,ve 

the listeners' heads. 

An "ideal" loudspeaker for large reverberant 

rooms would have a horizontal pattern wide 

enough to cover the entire seating area from a 

center front position, and a vertical pattern nar- 

row enough to direct almost all of the radiated 

sound toward the audience. An increasingly popu- 

lar solution to this problem has been the use of 

columnar loudspeakers, whose length contributes 
to narrow vertical dispersion. 

It is difficult, however, to maintain the desired 
vertical pattern at high frequencies with conven- 
tional column speakers. If all the speakers in the 

line operate at high frequencies, the pattern be- 
comes extremely irregular due to phase concella- 
tion. If only a few of the speakers are used in an 

attempt to improve the pattern, high frequency 

efficiency and power handling are degraded. 

These difficulties were overcome by Electro -Voice 

engineers with the introduction of the line radi- 
ator- essentially a curved column. At high fre- 
quencies each speaker radiates into a small sector 

of the total coverage angle, with a minimum 

of phase interference from other speakers. Using 

this technique, a vertical pattern is obtained 
which has nearly constant width and no signifi- 

cant lobes at any frequency. 

Line radiator loudspeaker systems have one other 

invaluable feature: there is very little sound 

energy radiated off the end of the line. Thus, if 

a line radiator is installed so that the long axis 

of the cabinet points toward the microphones 
used with the system, the best possible rejection 

of acoustic feedback is obtained. 

The ideal location for a line radiator in an audi- 

torium, for example, would he above and in 

front of the stage, with the radiating axis of the 

system pointing slightly downward. Such an in- 

stallation takes maximum advantage of the line 

radiator's relatively broad, but tightly controlled 

vertical distribution pattern to completely cover 

the seating area from front to back at uniform 

level. 

For technical data on any E-V product, write: 
ELECTRO-VOICE, INC., Dept. 773E 

613 Cecil SI., Buchanan, Michigan 49107 

Swker123/01LT. 
SETTING NEW STANDARDS IN SOUND 
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NEWS BRIEFS continued 

malts and the coaxial lead -in. A top 
hat of capacitance is also connected to 
a common junction. This hookup 
makes it practical, it is claimed, to re- 
duce antenna length from IA to %o 
wavelength and still have reasonable 
signal pickup. A TV or FM receiver 
version could be 2 or 3 inches long. 
Because of the transistor's beta, the 
SIA has a lower resonant frequency 
than a passive element alone. Charac- 
teristic impedance is close to that of 
standard coaxial cables, and can be 
matched by adjusting the transistor 
transconductance. Bandwidth of the 
solid -state antenna is greater than that 
of a passive version. The new antenna 
can be made in horizontal or vertical 
configurations, bidirectional or omni- 
directional. 

SIA was developed during a 
4 -year program by the Air Force. 
Inventor is Edwin M. Turner of the 

"Would you mind turning that off, Al? 
You know I can't stand people watching 

me when I work." 
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This PREMIER PORTABLE TYPEWRITER 

WHEN YOU BUY THIS RCA WR -64B 

COLOR BAR /DOT /CROSSHATCH 

GENERATOR...THE ESSENTIAL 

COLOR TV TEST INSTRUMENT 

Here's a deal you can't afford to miss! A FREE Remington 
portable typewriter -yours when you purchase the most 
essential color -TV test instrument -the RCA WR -64B! 

Just imagine how handy your new typewriter will be -in 
the shop or at home.You'1l use it almost as much as you use the 
RCA WR- 64B -standard of the color TV servicing industry. 

Here's how to get your FREE Remington Typewriter. 
Mail in the warranty card plus the gold label from the 
shipping carton of your new RCA color bar generator to 
RCA Test Equipment Headquarters, Bldg. 17 -2, Harrison, 
N. J. We will ship your new Remington portable typewriter 
to you direct, freight prepaid. But remember -this offer 
covers only equipment purchased between February 1, 1967 
and July 15th, 1967. To allow for postal delay, we will 
honor cards postmarked up to July 31st. 

Plan NOW to take advantage of this BIG offer -a FREE 
Remington portable typewriter with your purchase of an 
RCA WR -64B color bar /dot /crosshatch generator. 

JULY 1967 

The standard of the Color -TV Servicing Industry. Gener- 
ates all necessary test patterns -color bars, crosshatch, 
dots plus sound -carrier. Only $189.50° 
*Optional Distributor resale price. All prices subject to 
change without notice. Price may be slightly higher in 
Alaska, Hawaii, and the West. 

Ask to see it at Your Authorized 
RCA Test Equipment Distributor 

RCA Electronic Components and Devices, Harrison, N.J. 

The Most Trusted Name in Electronics 
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Learning 
electronics 
at home 
is faster, 
easier, more 
interesting with new achievement kit 

GET A FASTER START IN THE 
COURSE YOU CHOOSE WITH NRI'S 
REMARKABLE ACHIEVEMENT KIT 
When you enroll with NRI we deliver to your door 
everything you need to make a significant start 
in the Electronics field of your choice. This re- 
markable, new starter kit is worth many times 
the small down payment required to start your 
training. And it is only the start ... only the first 
example of NRI's unique ability to apply 50 years 
of home -study experience to the challenges of 
this Electronics Age. Start your training this 
exciting, rewarding way. No other school has any- 
thing like it. What do you get? The NRI Achieve- 
ment Kit includes: your first set of easy- to -un- 
derstand "bite- size" texts; a rich, vinyl desk 
folder to hold your training material in orderly 
fashion; the valuable NRI Radio -TV Electronics 
Dictionary; important reference texts; classroom 
tools like pencils, a ball -point pen, an engineer's 
ruler; special printed sheets for your lesson an- 
swers -even a supply of pre- addressed envelopes 
and your first postage stamp. 

Only NRI offers you this pioneering method of 
"3 Dimensional" home -study training in Elec- 
tronics, TV -Radio ... a remarkable teaching idea 
unlike anything you have ever encountered. 
Founded more than half a century ago -in the 
days of wireless - NRI pioneered the "learn -by- 
doing" method of home -study. Today, NRI is the 
oldest, largest home -study Electronics school. 
The NRI staff of more than 150 dedicated people 
has made course material entertaining and easy 
to grasp. NRI has simplified, organized and 
dramatized subject matter so that any ambitious 
man - regardless of his education -can effec- 
tively learn the Electronics course of his choice. 

DISCOVER THE EXCITEMENT 
OF NRI TRAINING 

Whatever your reason for wanting knowledge of 
Electronics, you'll find the NRI "3 Dimensional" 
method makes learning exciting, fast. You build, 
test, experiment, explore. Investigate NRI train- 
ing plans, find out about the NRI Achievement 
Kit. Fill in and mail the postage -free card. No 
salesman will call. NATIONAL RADIO INSTITUTE, 
Electronics Division, Washington, D. C. 20016 

8 RADIO -ELECTRONICS 
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ELECTRONICS COMES ALIVE SIMPLIFIED, WELL- ILLUSTRATED 
AS YOU LEAR *BY DOING WITH "BITE- SIZE" LESSON TEXTS 
CUSTOM TRAIF !NG EQUIPMENT PROGRAM YOUR TRAINING 
Nothing is as effect!l 
That's why NRI putt 
equipment, and why N 

equipment offered b 
price. NRI pioneered 
special training kits to 
get your hands on a 

capacitors, tubes, cor 
and diodes. You build, 
cover. You start right c 

fessional vacuum tube 
learn to measure volta 
how to mount and sold 
matic diagrams. Then, 
perimental equipment 
a TV set, an actual trai 
computer unit (dependi 
lect). It's the practical 
home -the priceless "t 
exclusive Electronic TV- 

as learning by doing. 
.0 much emphasis on 
invites comparison with 
ny other school, at any 
d perfected the use of 
1 learning at home. You 
al parts like resistors, 
nsers, wire, transistors 
:periment, explore, dis- 
building your own pro - 
Itmeter with which you 
and current. You learn 
)arts, how to read sche- 
u progress to other ex- 
til you ultimately build 
Hitter or a functioning 

on the course you se- 
easy way to learn at 
d dimension" in NRI's 
dio training method. 

Lesson texts are a necessary part of training, but 
only a part. NRI's "bite- size" texts are as simpli- 
fied, direct and well -illustrated as half a century 
of teaching experience can make them. The 
amount of material in each text, the length and 
design, is precisely right for home -study. NRI 
texts are programmed with NRI training kits to 
make things you read come alive. As you learn, 
you'll experience all the excitement of original 
discovery. Texts and equipment vary with the 
course. Choose from major training programs in 
TV -Radio Servicing, Industrial Electronics and 
Complete Communications. 
Or select one of seven spe- 
cial courses to meet spe- 
cific needs. Check the 
courses of most interest to 
you on the postage -free 
card and mail it today for 
your free catalog. 

Available Under 

NEW 
GI BILL 

If you served since 
January 31, 1955, or 
are in service, check GI 
line in postage -free card. 

custom training kits "bite - size "texts 
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101 Ways to Use Your Square 

Wave and Pulse Generators 
by Robert G. Middleton. 
Square wave and pulse gen- 
erators are the basic instru- 
ments providing the only 
practical means for trouble- 
shooting packaged printed 
circuits in which the indi- 
vidual components cannot 
be disconnected. This prac- 
tical handbook explains how 
to analyze waveformsderived 

from the use of these instruments, and de- 
scribes basic tests for r -c circuits, audio ampli- 
fiers, inductive circuits, tv i -f amplifiers, r -f /i -f 
amplifiers, stereo f -m units, and r -c coupled 
amplifiers. Presents virtually all tests normally 
performed with square wave and pulse gen- 
erators; shows resulting waveforms. Lists con- 
nections required, additional equipment 
needed, proper testing procedures, and how 
to evaluate results. Fully illustrated. . ^ 160 pages; 5 % x 8 % ".Order 20562, only.. $` 

,% 

OBRO 

Understand ng UHF Equipment 
by John U. Lenk Provides any technician 
working in television, communications, or 
industry with the thorough understanding of 
uhf equipment he should have. Answers con- 
cisely the questions most often asked by those 
entering the uhf field. Compares uhf and 
lower- frequency equipment so that the exact 
function of uhf components can be readily 
understood. Also describes and illustrates uhf 
tests and procedures. Ideal for self- learning 
or as part of a uhf training course at trade - 
school or technical institute levels. 
144 pages; 5.1,6 x 8 ".Order 20557, only .. 5325 

Diode Circuits (2nd Edition) 
by Rufus P. Turner. This book will end any- 
one's confusion about diodes. Updated edi- 
tion; gives more than 150 examples of proper 
diode applications; explains principles of op- 
eration of each type of diode circuit. All cir- 
cuits covered are in current use in radio and 
television receivers and transmitters, audio 
amplifiers and power supplies, control de- 
vices, test instruments, and computers. Also 
includes a variety of experimenter's circuits, 
showing how to utilize the operating princi- 
ples described in the book. 
160 pages; 51:'¡ x 8 ' ;'.Order 20558, only.. $325 

Measuring Hi -Fi Amplifiers 
by Mannie h orowitz. Explains basic audio 
amplifier design and how to understand and 
evaluate manufacturers' specifications and 
performance test data. Compares the various 
types of instruments used in measuring audio 
equipment; discusses in detail checking of 
frequency response, harmonic and intermodu- 
lation distortion, sensitivity and overload, 
measuring and matching phono, tape play- 
back, and microphone equalization curves. 
Covers both vacuum -tube and transistorized 
amplifiers. Includes graphs and test setups 
to help understand the fundamental opera- 
tion of hi -fi amplifiers. Although math is used, 
it can be bypassed without loss of continuity. 
An invaluable book for the audio technician, 
engineer, or audiophile. 
160 pages; 534 x 8%'.Order 20561, only.. $325 

These and over 300 other SAMS 
Books are available from your local 
Electronics Parts Distributor ... 

HOWARD W. SAMS & CO.. INC. 
4300 WEST 62nd ST. INDIANAPOLIS. INDIANA 46265 

Circle 10 on reader's service card 

NEWS BRIEFS continued 

Air Force Avionics Lab, Wright -Pat- 
terson Air Force Base. Dayton, Ohio. 
He estimates an SIA for TV reception 
could be about the size of a penlight 
battery, and could be manufactured 
for $2 to $3. 

An antenna that seems similar 
was demonstrated at the October 1966 
convention of the Audio Engineering 
Society in New York City. Described 
as an "omnipolar high -gain vertically 
polarized antenna of small dimension" 
it appeared to be a plastic tube about 
14 inches long and I inch in diameter. 
Its developer -William S. Halstead, 
of Multiplex Development Corp. - 
said that inside the tube was a spiral 
of wire which formed a monopole an- 
tenna element. At the base of the tube 
(shown at the right in the photo) Hal- 
stead stated there was an FET preamp 
driving the coax back to the receiver. 

The Halstead antenna was de- 
vised for mobile reception of SCA 
subchannels from FM stations. It was 
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claimed to have a gain of 4 dB over a 
reference dipole, with equal response 
to both horizontally and vertically 
polarized transmissions. It has maxi- 
mum response when in a vertical posi- 
tion, and minimum when 45° away 
from vertical. 

In January 1967 the antenna was 
placed in service on the Eastern Air 
Lines Air Shuttle run between Wash- 
ington, New York and Boston. It 
became part of a system operated by 
Newsrad, Inc., which furnishes news 
and weather reports to airline passen- 
gers. Tape cartridges containing the 
newscasts are played in the studios of 
New York's WOR -FM and trans- 
mitted via their SCA subchannel. 
Signals are then picked up by the Hal- 
stead antenna and the Newsrad re- 
ceiver in a plane just before it lands at 
LaGuardia Airport in New York City. 

In September 1966 several dem- 
onstrations of a new antenna were 
held in the small Ohio town of Lewis- 
burg (near Dayton). The antenna - 
known as the Americus SkyProbe- 
was developed by John M. Eagle of 
UniScience Laboratories, Inc. at Lew- 
isburg. As shown in the photo, the an- 
tenna is built inside a plastic tube. In 
one demonstration. it was connected 
to a TV receiver with 300 -ohm twin - 
lead and then dropped into the bottom 
of a metal water well 139 feet deep. 
Observers reported good reception of 
vhf TV stations 20 miles away, and 
fair reception of vhf stations 50 miles 
away and a uhf station at 20 miles. 

Eagle states that his antenna is 

"not a diapole" [sic], but can receive 
both color and uhf beneath the earth's 
surface. He claims that classic theo- 
ries of TV and radar reception are 
"incorrect or incomplete ": that the 
earth's magnetic field carries "video 
and audio "; and that neither antenna 
size nor height is a "controlling factor" 
in reception. 

The SkyProbe antenna has been 
advertised and sold in stores in Ohio. 
Ads claim it is solid- state, but no 
further details were available from 
UniScience. 

None of the above cases have 
shown protection from multipath or 
ghosting. Each seems to use semicon- 
ductor gain to compensate for antenna 
inefficiency. END 

Radio -Electronics 
Is Your Magazine! 

Tell us what you want to sec in it. Your 
suggestions may make it a better maga- 
zine for the rest of the readers as well 
as yourself. Write to the Editor, RADIO 

ELECTRONICS, 154 West 14th St., New 
York, N. Y. 10011. 

RADIO -ELECTRONICS 
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Why does one 
of these men 
earn so much 
more than 
the other? 
More brains? More ambition? 

No, just more education 

in electronics. 
You know that two men who are the same age 
can work side -by -side on the same project, yet 
one will earn much more than the other. 

Why? In most cases, simply because one man 
has a better knowledge of electronics than the 
other. In electronics, as in any technical field, 
you must learn more to earn more. And, 
because electronics keeps changing, you can 
never stop learning if you want to be successful. 

But your job and family obligations may make 
it almost impossible for you to go back to 
school and get the additional education you 
need. That's why CREI Home Study Programs 
are developed. These programs make it pos- 
sible for you to study advanced electronics at 
home, at your own pace, on your own sched- 
ule. You study with the assurance that what 
you learn can be applied on the job to make 
you worth more money to your employer. 

CREI Programs cover all important areas of 
electronics including communications, servo- 
mechanisms, even spacecraft tracking and 
control. You're sure to find a program that fits 
yo.Jr career objectives. 

You're eligible for a CREI Program if you have 
a high school education and work in elec- 
tronics. FREE book gives all the facts. Mail 
coupon or write: CREI, Dept. 1407E, 3224 Six- 
teenth Street, N.W., Washington, D.C. 20010 

Accredited Member of the Nation, ee 
JULY 1967 

Send for Free Book 

CREI 
founded 19?7 

1111G11211 ÿ 

r 
The Capitol Radio Engineering Institute 
Dept. 1407E. 3224 Sixteenth Street. N.W. 
Washington. D.C. 20010 

Please send me FREE book describing CREI Programs. I am em- 
ployed in electronics and have a high school education. 

NAME AG 

ADDRESS 

CITY 

EMPLOYED By 

STATE ZIP CODE 

TYPE OF PRE ;ENT WORK GI BILL 

I am interested in Electronic Engineering Technology 
Space Electronics Nuclear Eng neering Technology 

Industrial Electronics for Automation 
El Computer Systems Technology 

APPROVED FOR VETERANS ADMINISTRATION TRAINING 
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orrespondence 

Hang it fast 
and easy 

then forget it! 
The new Jensen VH -100 Series 
horn speakers were designed for 
fast installation and a lower in- 
stalled cost. Their new and ex- 
clusive features let you install 
three VH -100's for the labor pen- 
alty previously charged for two. 

KWIKON® connectors, an easily 
detached base, universal angle 
adjustment, accessible power 
control and an optional pre -inte- 
grated transformer are but a few 
of the many advantages of these 
rugged new weatherproof 32 watt 
speakers. 

Our new brochure tells all. 
Write Jensen Manufacturing 

Division, The Muter Company, 
6601 South Laramie Avenue, 
Chicago, Illinois. 60638. 

Jensen 

POPULAR AUTHOR CONFESSES 

Dear Editor: 
Some people are having problems 

with my tach circuit as described in the 
August 1966 issue. In constructing the 
tach, I tried to eliminate the calibrating 
input by increasing the value of re- 
sistance R I. This modification was valid 
for the parts specified but apparently 
rendered the unit marginal enough so 
that it would not tolerate certain parts 
substitutions. The calibrating input, 
however. did not get eliminated nor cer- 
tain items changed in the text to go 
along with the new value of R 1. All I 
can say is "Sorry about that." But all is 
not lost, there is a remedy. 

The first thing to do is reduce the 
value of R1 to 270 ohms. This value in 
series with the resistance in the choke 
winding will be about 300 ohms which 
will put approximately 20 mA through 
the Zener. A 5,000 -ohm variable resistor 
draws about 1 mA, which is 1/20 of 
what the Zener draws and can be con- 
sidered negligible. 

Next, the calibrating resistor should 
be changed to 7,500 ohms at 5 watts 
which again will put approximately 20 
mA through the Zener. This makes con- 
ditions under operation and calibration 
almost equivalent except for the wave- 
form. To check the effect of waveform. 
square waves of 35 volts peak to peak 
and sine waves of 115 volts were con- 
nected to the calibrating input: there 
was negligible difference in readings. 

Another change was to make the 
low -range full -scale reading 1.250 rpm 
instead of 1,000 rpm. This allows for a 
1.200 rpm calibration check on each 
range. A small but definite advantage. 

None of the circuits built as de- 
scribed above have ever had anything 
but excellent results. I am sure others 
will find this true also. 

D. H. SWEET 
Rrrirnrrlctille . N. I. 

FOREIGN POLICY 

Dear Editor: 
I am sure that many are aware of 

the influx of foreign- manufactured prod- 
ucts and the use of foreign parts in sets 
of American brands. Many US com- 
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panies have built or are building major 
manufacturing facilities in foreign lands. 

Will this result in fewer Americans 
being used in this industry? With fewer 
Americans employed, will their buying 
power be curtailed -making less de- 
mand for tangibles such as cars, refriger- 
ators, homes and television sets? 

No one will deny the importance of 
worldwide business prosperity, but we 
might become so engrossed in exporting 
prosperity that suddenly we might find 
America has become stagnant. It may 
be well for us to return to the thinking 
of a decade ago -"Buy American." 
What do you in the field think of this 
matter? 

HAROLD JONES 
Bowling Green, K.\ 

CLEAN SWEEP (GEN) 

Dear Editor: 
I built the 455 -kHz sweep gen by 

Harold J. Weber on page 34 of the April 
1964 issue. I have found it to be more 
than a sweep generator as I use it to 
check curves of the i.f. circuits. It helps 
me in studying transistor radio i.f. cir- 
cuits. 

I made a few changes so the unit 
is smaller. I replaced the 6X4 with two 
IN2071 diodes and removed all the 
marker circuit and used a 6C4 as the 
oscillator tube. I use external markers 
to make sure the curve is set at 455 kHz. 

I still enjoy reading every RADIO - 
ELECTRONICS magazine I receive. I hope 
you can come up with the same sweep 
unit in 10.7 -MHz frequency. 

CHARLES GRISAPI 
Long Island City, N.Y. 

AC AMMETERS 

Dear Editor: 
Jack Darr's story on circuit- break- 

er testing in February 1967 RADIO - 
ELECTRONICS was of interest. I was 
quite surprised at his remark that ac 
meters are scarce in radio and TV shops. 
I've been using them since I started 
servicing (30 years ago). 

Mine were wired up by Dad before 
I took to the electronics trade. With a 
large potentiometer in series with the 
power line and an ac voltmeter and am- 
meter. you can start from zero and go 
to the full line voltage. Using the instru- 
ment this way. with any receiver plugged 
in and knowing its ratings. you know if 
there are any shorts. Three years ago, 
I improved the method by using a varia- 
ble line transformer and mounting the 
unit on my bench panel. 

All I can say is that ac meters were 
never scarce during my years of service. 

PETER LEGON 
Malden, Mass. END 

R ADIO -ELECTRONICS 
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Be the man who's always 
first to say: "I've got 

the answer right here:' 

START USING THIS REMARKABLE 

ELECTRONICS SLIDE RULE 
47) 
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COME DAY EVERYONE in electronics a may have a slide rule like this. Till 
then, the man who uses one will seem 
like a wizard as he solves reactance and 
resonance problems in 12 to 20 seconds 
-without pencil and paper. 

This is a professional slide rule in 
every detail, a full 10" long, made exclu- 
sively for Cleveland Institute of Elec- 
tronics, to our rigid specifications, by 
Pickett, Inc. It can be used for conven- 
tional computation as well as special 
electronics calculations. All -metal con- 
struction assures smooth operation re- 
gardless of climate. 

Handsome top -grain leather carry- 
ing case has heavy -duty plastic liner to 
protect slide rule; removable belt loop 
for convenient carrying. "Quick -flip" 
cover makes it easy to get rule in and 
out of case. 

You also get four full- length AUTO - 
PROCRAMMEDT`t Lessons, which 
teach you how to use the special elec- 
tronics scales on the slide rule. These 
lessons have been carefully designed 
to meet the same high educational 
standards as the electronics career 
courses for which our school is famous. 
Even if you've never used a slide rule 
before, you'll soon whiz through the 
toughest problems with this CIE rule. 

Deliberately underpriced. Many 
men in electronics have told us that this 
unique slide rule, leather case, and 4- 
lesson course easily add up to a $50 
value. But we have deliberately under- 
priced it at less than $25. Why? Our 
reason is simple: we are looking for 
men in electronics who are ambitious 
to improve their skills...who know that 
this will require more training. If we 
can attract you with the low price of 
our slide rule and course -and impress 
you with its quality -you are more 

Se - i. _sol Back 

likely to consider CIE when you 
decide you could use more electronics 
training. 

Send for free booklet. See for your- 
self why this amazing slide rule and 
course have made such a big hit with 
busy electronics men everywhere. No 
obligation, of course -just an oppor- 
tunity to get in on the best offer ever 
made to people in electronics. Just mail 
coupon, or write Cleveland Institute 
of Electronics, Dept. RE -142, 1776 
East 17th St., Cleveland, Ohio 44114. 

CI E Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 

MAIL THIS COUPON FOR FREE BOOKLET 
Cleveland Institute of Electronics 
1776 East 17th Street Cleveland, Ohio 44114 

Please send me without charge or obligation 
your booklet describing CIE Electronics Slide 
Rule and Instruction Course. ALSO FREE if 
I act at once: a handy pocket -size Electronics 
Data Guide. 

How to Solve Electronics Problems in Seconds 

With new Electronics Slide Rule and Instruction Course 

Name 
(please print) 

Address 

City State Zip 
Accredited Member National Home Study Council 

A Leader in Electronics Training...Since 1934 

Circle l5 on readers service card 
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DMS -3200 
DIGITAL MEASURING SYSTEM 

DMS-3200 ua n r,ame $320 
(shown with DP.:00) 

DESCRIPTION 

DP.100 
DC voltmeter 
Pl,.g.,n 

$175 

DP -150 
I MC Counter 
Plug .n 

$195 

DP-170 
O, -m meter 
Plg. 

$240 
DP -200 
Cacao ty 
Mete, 

$240 
OP -140 
Event Counter 
ana 
slave Plug.m 

$75 

The Hickok DMS -3200 Digital Measuring System is 
a precision electronic measuring device which dis- 
plays readings in digital form instead of the rela- 
tively inaccurate and difficult-to-read moving- pointer 
meter display. 

Because the DMS -3200 consists of a main frame 
which will accept a number of "plug -in" units, it can 
be used to measure a variety of electrical param- 
eters. The main frame provides display of the read- 
ing: the plug -in determines the application. 

The DMS -3200 is designed for rugged industrial 
and laboratory applications. Solid -state construction 
and conservative design ratings insure long. trouble - 
free life. By utilizing a design which has the opti- 
mum combination of accuracy capability and num- 
ber of digit display. the OMS -3200 meets the general 
purpose measurement needs of industry for reliable 
digital measurement equipment in the $400 - $500 
price range. 

Ask Your HICKOK Distributor For A Demonstration! 

THE HICKOK ELECTRICAL INSTRUMENT COMPANY 
10514 Dupont Avenue Cleveland. Ohio 44108 

( rrc-le I4 un reader's service card 

Formerly SERVICE CLINIC 

In the Shop ... With Jack 
By JACK DARR 

WELL, WERE GOING TO HAVE TO WORK 

on transistor video amplifiers, so we 
might as well get started. They're begin- 
ning to show up in both color and b -w, 
and are not hard to service -if you use 
the right methods and test equipment. 
Check signal input and output: if you 
find a stage where the signal won't go 
through, then stop and check voltages. 
In video stages this means using a scope 
and a low- capacitance probe. 

The Zenith 23XC36 color chassis 
(see diagram) uses a three -stage video 
amplifier with the transistor in the mid- 
dle like a sandwich. (No onions on 
mine, please.) Notice that the video de- 
tector output is a positive -going signal, 
using the sync as reference. This signal 
goes to a cathode- follower stage (no 
inversion), and then to the 121 -366 
transistor, hooked up as a common - 
emitter, class -A amplifier. From the col- 
lector. it goes directly to the grid of the 
I 2HL7 high -power pentode, video -out- 
put stage. This inverts the signal again, 
and it comes out on the picture -tube 
cathodes with a positive -going signal, 
which is needed at this point. 

The transistor has to work class A, 
for undistorted signal output. Collector 
voltage comes from the 250 -volt line, 
through the customary voltage divider, 
82K, 4,700 ohms and a mess of other 
things. The transistor is an npn, with 
+8.0 volts on the collector, at no sig- 
nal input. Base voltage is picked up at 
the cathode of the 6KT8, at + 1.7 volts, 

This column is for your service 

problems -TV, radio, audio or general 

and industrial electronics. We answer 

all questions individually by mail, free 

of charge, and the more interesting 
ones will be printed here. 

If you're really stuck, write us. 

We'll do our best to help you. Don't 
forget to enclose a stamped, self -ad- 

dressed envelope. Write: Service Edi- 

tor, Radio -Electronics, 154 West 14th 
Street, New York 10011. 

and the emitter develops +1.1 volt 
through its 1,500 -ohm resistor. 

The normal signal output from this 
transistor is about 9 volts p -p, with neg- 
ative -going sync. The base signal will 
read about 3 volts p -p. When checking 
this stage with the scope, look for an 
approximate gain of three times and 
signal inversion between base and col- 
lector. The cathode- follower stage pre- 
ceding it does not invert, of course. 

If the transistor is shorted or cut 
off, you'll get no gain, or a very weak 
signal output, or none at all. Then check 
voltages, especially the emitter -base 
bias. As in all common -emitter stages, a 
quick check of the whole stage can be 
made by reading emitter voltage first. If 
it's normal, chances are the whole stage 
is okay, for any voltage upset will affect 

continued on page 22 
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New help from RCA 
to reduce your loss -time ...increase your profits 

An RCA "QT" Inventory takes the guesswork 
out of stocking replacement parts ... puts 
the most used RCA home instrument parts 
at your fingertips. 

Your RCA Replacement Parts Distributor has a 
computer planned inventory program that makes 
your job easier. It will help you improve efficiency, 
speed up customer service, reduce inventory liability, 
and increase profits. 

RCA "QT" (Quick Turnover) Inventories are de- 
signed to suit various -size service operations, with 
varying quantities of the most used RCA Home 
Instruments Replacement Parts. 

These inventories are reviewed and updated semi- 
annually in accordance with the most current usage 
data, based on an analysis by RCA Electronic Data 
Processing Equipment of national sales patterns. 

Once you get the "QT" habit, you have what's 
needed to produce better service, satisfied customers 
and additional business. 

There are so many advantages to the RCA "QT" 
Inventory Program that it will be worth your time to 
call your RCA Distributor and ask him about them. 
Call him today -and start enjoying the profitable 
benefits that can be yours. 

RCA PARTS AND ACCESSORIES, Deptford, New Jersey 

The Most Trusted Name in Electronics 
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You can earn more money 
if you get an FCC License 

...and here's our famous CIE warranty that 
you will get your license if you study with us at home 

NOT SATISFIED with your present income? 
The most practical thing you can do 

about it is "bone up" on your electronics, 
pass the FCC exam, and get your Govern- 
ment license. 

The demand for licensed men is enor- 
mous. Ten years ago there were about 
100,000 licensed communications stations, 
including those for police and fire depart- 
ments, airlines, the merchant marine, pipe- 
lines, telephone companies, taxicabs, rail- 
roads, trucking firms, delivery services, and 
so on. 

Today there are over a million such sta- 
tions on the air, and the number is growing 
constantly. And according to Federal law, 
no one is permitted to operate or service 
such equipment without a Commercial FCC 
License or without being under the direct 
supervision of a licensed operator. 

This has resulted in a gold mine of new 
business for licensed service technicians. A 
typical mobile radio service contract pays 
an average of about $100 a month. It's pos- 
sible for one trained technician to maintain 
eight to ten such mobile systems. Some men 
cover as many as fifteen systems, each with 
perhaps a dozen units. 

Coming Impact of UHF 
This demand for licensed operators and 
service technicians will be boosted again in 
the next 5 years by the mushrooming of 
UHF television. To the 500 or so VHF tele- 
vision stations now in operation, several 
times that many UHF stations may be added 
by the licensing of UHF channels and the 
sale of 10 million all -channel sets per year. 

Opportunities in Plants 
And there are other exciting opportunities 
in aerospace industries, electronics manufac- 
turers, telephone companies, and plants op- 
erated by electronic automation. Inside in- 
dustrial plants like these, it's the licensed 
technician who is always considered first for 
promotion and in -plant training programs. 
The reason is simple. Passing the Federal 
government's FCC exam and getting your 
license is widely accepted proof that you 
know the fundamentals of electronics. 

So why doesn't everybody who "tinkers" 
with electronic components get an FCC Li- 
cense and start cleaning up? 

The answer: it's not that simple. The gov- 
ernment's licensing exam is tough. In fact, 
an average of two out of every three men 
who take the FCC exam fail. 
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There is one way, however, of being pretty 
certain that you will pass the FCC exam. 
And that is to take one of the FCC home 
study courses offered by the Cleveland In- 
stitute of Electronics. 

CIE courses are so effective that better 
than 9 out of every 10 CIE -trained men who 
take the exam pass it...on their very first try! 
That's why we can afford to back our 
courses with the iron -clad Warranty shown 
on the facing page: you get your FCC Li- 
cense or your money back. 

There's a reason for this remarkable rec- 
ord. From the beginning, CIE has special- 
ized in electronics courses designed for 
home study. We have developed techniques 
that make learning at home easy, even if 
you've had trouble studying before. 

In a Class by Yourself 

Your CIE instructor gives his undivided per- 
sonal attention to the lessons and questions 
you send in. It's like being the only student 
in his "class." He not only grades your work, 
he analyzes it. Even your correct answers 
can reveal misunderstandings he will help 
you clear up. And he mails back his correc- 
tions and comments the same day he re- 
ceives your assignment, so you can read his 
notations while everything is still fresh in 
your mind. 

It Really Works 

Our files -are crammed with success stories 
of men whose CIE training has gained them 
their FCC "tickets" and admission to a 
higher income bracket. 

Mark Newland of Santa Maria, Calif., 
boosted his earnings by $120 a month after 
getting his FCC License. He says: "Of 11 
different correspondence courses I've taken, 
CIE's was the best prepared, most interest- 
ing, and easiest to understand." 

Once he could show his FCC License, 
CIE graduate Calvin Smith of Salinas, Cali- 
fornia, landed the mobile phone job he'd 
been after for over a year. 

Mail Card for Two Free Books 

Want to know more? The postpaid reply 
card bound -in here will bring you free cop- 
ies of our school catalog describing oppor- 
tunities in electronics, our teaching methods, 
and our courses, together with our special 
booklet, "How to Get a Commercial FCC 
License." If card has been removed, just 
send your name and address to us. 

THESE CIE MEN PASSED... 

NOW THEY HAVE GOOD JOBS 
Matt Stuczynski, 

Senior Transmitter 
Operator, Radio 
Station WBOE 

"I give Cleveland In- 
stitute credit for my 
First Class Commercial 
FCC License. Even 
though I had only six 
weeks of high school 
algebra, CIE's AUTO- 
PROGRAMMEDTM lessons make elec- 
tronics theory and fundamentals easy. I 
now have a good job in studio operation, 
transmitting, proof of performance, equip- 
ment servicing. Believe me, CIE lives up to 
its promises." 

Chuck Hawkins, 
Chief Radio 

Technician, Division 
12, Ohio Dept. 
of Highways 

"My CIE Course en- 
abled me to pass both 
the 2nd and 1st Class 
License Exams on my 
first attempt...I had no 
prior electronics train- 

ing either. I'm now in charge of Division 
Communications. We service 119 mobile 
units and six base stations. It's an interest- 
ing, challenging and rewarding job. And 
incidentally, I got it through CIE's Job 
Placement Service." 

Glenn Horning, 
Local Equipment 

Supervisor, Western 
Reserve Telephone 

Company 
"There's no doubt 

about it. I owe my 2nd 
Class FCC License to 
Cleveland Institute. 
Their FCC License 
Course really teaches 
you theory and fundamentals and is par- 
ticularly strong on transistors, mobile ra- 
dio, troubleshooting and math. Do I use 
this knowledge? You bet. We're installing 
more sophisticated electronic gear all the 
time; what I learned from CIE sure helps." 

ENROLL UNDER NEW G.I. BILL: All CIE 
courses are available under the new G.I. 
Bill. If you served on active duty since 
January 31, 1955, OR are in service now, 
check box on reply card for G.I. Bill 
information. 

Cleveland Institute of Electronics 
Accredited by the Accrediting Commission of the National Home Study Council, and the only home study school to provide complete coverage 
of electronics fundamentals plus such up -to -date applications as: Microminiaturization Laser Theory and Application Suppressed Carrier 
Modulation Single Sideband Techniques Logical Troubleshooting Boolean Algebra Pulse Theory Timebase Generators...and many more. 

Circle 18 on reader's service card 
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Cleveland Institute of Electronics 

rIPY 
of success in obtaining a 

Government FCC License 
The Cleveland Institute of Electronics hereby warrants that 
upon completion of the Electronics Technology, Broadcast 
Engineering, or First -Class FCC License course, you will be 
able to pass the FCC examination for a First Class Com- 
mercial Radio Telephone License (with Radar Endorsement) ; 

OR upon_ completion of the Electronic Communications 
course yóu will be able to pass the FCC examination for a 
Second Class Commercial Radio Telephone License; 

AND in the event that you are unable to pass the FCC test 
for the course you select, on the very first try, you will re- 
ceive a FULL REFUND of all tuition payments. 

This warranty is valid for the entire period of the com- 
pletion time allowed for the course selected. 

G. O. Allen 
President 

.. 

1)=. 
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Two new "know -how" 
books you'll want to read. 

Basic Oscillator 
Handbook 

BASIC 

Hp 
DSCILLATDR 

NDBODK 

/OO 

by Norman H. Crowhurst. A com- 
plete book on oscillators. When you 
need information on oscillators, you 
can stop hopping from hook to book. 
This single volume makes you an 
oscillator expert. Basic Oscillator 
Handbook presents a fresh, clear-cut 
approach that you can understand 
and use immediately. Gives all the 
how's and why's of oscillators. 160 
pages. 
Order #130 $2.95 

Test Instruments 
for Electronics 
Edited by Martin Clifford in cooper- 
ation with the editors of Radio - 
Electronics. 21 experts tell you how 
to increase the efficiency and cap- 
abilities of your vom, vtvm and 
scope. Teaches you how to build 
new, low -cost test instruments to sup- 
plement present equipment to ex- 

tend their usefulness to perform tests 
you cannot do now. Test instruments 
for Electronics could he the most 
profitable S2.95 buy you'll ever make 
just in terms of the time you'll save 
in one day's work. 
Order #131 $2.95 

f Order from your electronic ports distribu- 
tor today, or mail to: 

Gernsback Library, Inc., Dept. RE77 
154 West 14th Street, New York, N. Y. 
10011 

Send the following books: 

#130 ($2.95) 
#131 ($2.95) 

I enclose $ (prices 10% higher 
in Canada) 

Name 

Address 

City State Zip 

My distributor is _ _ 

l 

In the Shop . . . With Jack continued 

the emitter voltage drastically. 
Notice the two little diodes be- 

tween the collector return circuit and 
ground. They're horizontal and vertical 
blankers. and can cause some odd 
symptoms if bad. If the horizontal 
shorts. most of the screen will be 
blanked out, starting from the left side. 
If the vertical blanker shorts, you will 
get the same symptom, but starting at 
the top of the screen. 

If either or both of these diodes 
are open, you'll have a picture, but the 
brightness and contrast controls won't 
have any effect on it. This simulates a 
heater cathode short in the picture 
tube -but remember, you've got three 
cathodes in this picture tube. and you'd 
have to short 'em all to get this kind of 
symptom. So, don't let your old b -w hab- 
its throw you -look for trouble back in 
the video amplifier stages. and not in the 
CRT. At least, not at first. 

You'll find a different transistor 
used in other models of this series. The 
main differences will be stage voltages. 
Sets using the 121 -366 transistor will be 
as shown in the diagram. If the 121 -587 
transistor is used. as in the 20X1C36 
chassis, the voltages will be +1.5 at the 
base, +2.3 at the emitter and +14 
volts on the collector. The circuit is 
basically the same otherwise. 

I've kept on mentioning inversions 
for a reason. It's almost impossible for 
a tube to short grid -to- plate, because of 
the construction. However, a transistor 
can short base -to- collector! So, you get 
the equivalent of a "straight wire" 
through that stage! Despite the upset in 
voltages, etc., some signal may get 
through: if it does. you'll lose one signal 
inversion, and come out with a nega- 
tive -going signal on the cathodes of the 
picture tube, and -you guessed it -a 
negative picture! 

This can make for some really 
weird effects in color since the Y or 
brightness signal will be upside down, 
but the colors may not be affected too 
much. To get a positive test for this, 
turn the color off and look for a nega- 
tive b -w picture. In b -w circuits, of 
course, the sync is usually taken off at 
the video output. Thus it will invert at 
the same time. and be unstable, giving 
us another clue. 

To trace out, start with the scope 
at the video detector, and count inver- 
sions. Or start at the CRT cathodes, 
where we know darn well the sync 
should be positive -going, and work 
back. There will probably be a good - 
size loss of gain at the point where the 
fault is located, so watch for that as 
well as for inversions. 

22 

To sum up, the best way to check a 
transistor stage is to find out if a signal 
goes through it. If you get even half the 
normal signal input and output, you can 
probably go on to other points. You 
can also stop and check the bias volt- 
ages, if the gain is quite a bit below nor- 
mal. For goodness' sake, be sure to 
check the input signal level before you 
jump to any rash conclusions about the 
transistor. 

Voltage reading reversed? 
I can't make head or tail of the 

voltages I'm reading around the 12AX7 
vertical oscillator /4gc keyer tube in a 
Zenith R2229R TV. I've got poor sync, 
and the horizontal hold is critical. Pic- 
ture's not too bad. -C. N., Winona, 
Minn. 

I'm afraid you've fallen into a fair- 
ly common trouble, found in a few dia- 
grams. Either in the drawing up of the 
service data or in the actual wiring of 
the chassis, the two halves of this twin 
triode have been reversed! Pin numbers 
given for one triode are actually those 
of the other, and vice versa! 

Check your voltage readings in this 
way, and you'll come out a lot better! 
Your trouble, by the way, sounds very 
much like a weak 6BE6 tube in the 
sync separator. Replace it, and check 
the setting of the FRINGE -LOCK control. 

Rectifier testing with scope? 
I hooked up my scope as shown 

to test a selenium rectifier. There was a 
loud 60 -Hz hum in the scope, and out 
went the fuse! No damage to the scope, 
and the rectifier is a perfectly good one. 
What happened ? -J. P., Bronx, N. Y. 

Something went to ground, like 
heavy ac! I believe I'd open up that 
scope and check some line bypass ca- 
pacitors, from the ac line or power - 
transformer primary to ground (case) 
of the scope. There must have been 
some kind of a path to ground, for this 
to have happened. 

Incidentally, I don't follow your 

RADIO -ELECTRONICS 

o- 
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Coming Next I Ionth ... In AUGUST 

Radio -Electronics 

real bargain package for the 
technician, engineer, builder, experimenter, 
expert, novice -everyone who takes 
his electronics seriously 

COMING 
A special section of interest to anyone in com- 

munications or CB. Find out how to check CB 

frequencies using a converter and a military 
surplus 13C -221. Take your choice of two con- 

struction projects -both solid- state -that pro- 
duce useful receiver accessories for nulling out 
interference in receivers. Build your own short- 
wave receiver. Make a field -strength meter to 

monitor your transmitter. Learn how a direc- 
tional antenna can be rotated electronically, not 

physically. 

NEXT 
You'll also find articles on hi -fi and stereo ( a 

stereo FM adapter you can build, and a com- 

plete listing of over 600 stereo FM stations in 

the US and Canada) and general electronics 
(ever wonder about the right way to run lead -in; 
we've got the answers) . 

MONTH 
ThL' August issue of RADIO- ELECTRONICS 
will have all this and more -chock full of all - 

around electronics articles. If you're interested 
in what's new in electronics, then you'll want 

to read the August issue of 
RADIO- ELECTRONICS. 
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Swingin' 

Combo 

for 

To 

Performance! 

NEW SENCORE SM112B 

SERVICE MASTER VTVM/VOM 
Here it is - the third generation of Sencore's 
famous Service Master - the two -in -one profes- 
sional instrument that saves your time, speeds 
your service work, puts extra profits in your 
pocket. 

Just one function switch, one range switch 
and one probe provide all functions of 
VTVM and VOM. 
Voltage. current and resistance in 33 ranges - for accurate measurements anywhere, 
anytime. 
VTVM operates from 115V AC for precise 
bench or lab work; battery powered VOM 
gives you a 5000 ohms per volt meter. 
Lighted arrows automatically indicate VTVM 
scales. 
Large, easy -to -read 6 -inch two percent 
meter covers all measurements. 
Handsome new styling in tough, vinyl -clad 
steel case. 
Optional high voltage probe attaches for 
measuring up to 30,000 volts DC. 

So why use two when one will do - the new 
Sencore SM112B. Truly professional 

$89.95 quality, and still only () 

High Voltage Probe HP118 $7.95 

CD FR 
NO I MANU/dC,uNlN i f,fC,NON.0 /fNdNCf fOUivMfNl 

426 SOUTH WESTGATE DRIVE ADDISON. ILLINOIS 60101 
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#54 (retail price $4.60) 

#129 (retail price $4.95) 

X95 (retail price $9.90 
counts as 1 volume) 

#127 (retail price $6.25) 

Start your electronics library with any 3 for only $2.00! 
Retail value up to $22.10... yours with trial membership in the famous 

Gernsback Electronics Book Club. 

An extraordinary offer to introduce you to Gernsback Li- 

brary's famous Electronics Book Club, especially designed to 
help you increase your know -how, earning power and enjoy- 
ment of electronics. 

Whatever your interest in electronics -radio and TV servic- 
ing, audio and hi -fi, industrial electronics, communications, 
electronics as a hobby -you will find that the Electronics Book 
Club will help you get the job you want, keep it, improve it or 
make your leisure hours more enjoyable. With the club provid- 
ing you with top quality books, you may broaden your knowl- 
edge and skills to build your income and increase enjoyment of 
electronics, too 

What books are offered? From Gernsback Library and 
other leading technical publishers come the country's most re- 

spected books in the field of electronics. Each one is written by 
a professional, acknowledged expert in his field and designed 
with you in mind. All are deluxe, hardbound books to be used 

as a basic tool and offered at considerable cash savings to 
members -up to 50% off list price -regardless of higher retail 
prices. 

How the club works. The Electronics Book Club will send 
you every other month the news bulletin describing a new book 
in a vital area of electronics. As a member, you alone decide 
whether you want a particular book or not. You get 3 books 
worth up to $22.10 now for $2.00 and need take only 4 more 
within the year, from a wide selection to be offered. Every year 
the club offers about 25 high quality, hardbound books on 

electronics. The club saves you money on the books you take, 
regardless of higher retail prices. 
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How to join. Mail the coupon below today. You will be sent 
your 3 books immediately. We will bill you $2.00 (plus a few 
cents postage). If you are not pleased, send the books back 
within 10 days and membership will be cancelled. Otherwise 
you will enjoy all these benefits: 

1. Free 10 day examination privilege. 
2. Continuous cash savings. 

3. Free charts given with many books. 
4. You alone decide which books you want. 
5. Club books are practical working tools written by experts. 

Gernsback Electronics Book Club, Dep't. RE 77N 
154 West 14 Street, New York, N.Y. 10011 

Please enroll me in the Electronics Book Club and send me the 3 books 
I have circled below. Bill me only $2.00 plus shipping. If not pleased I may 
return the books within 10 days and this membership will be cancelled. 

As a member, I need accept as few as 4 additional books a year and may 
resign any time after purchasing them. All books will be described to me 
in advance in the club bulletin and a convenient form will always be pro- 
vided for my use if I don't wish to receive a forthcoming book. 

Offer good in U.S.A. and Canada only. 

Canadian members please add currency exchange. 

Circle 3 book numbers 99 95 54 127 129 

Name 

Address 

City State Z,p 
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In the Shop ... With Jack continued 

way of testing rectifiers! I prefer the old 
substitution method; if the dc output 
voltage is low, substitute another recti- 
fier and see if this brings the voltage 
back to normal. It's far simpler! You 
can, of course, check a rectifier with an 
ohmmeter for a direct short. 

Horizontal streaking 
l'in getting short horizontal streaks 

across the vertical lines in the picture 
on a Zenith 25MC36 color chassis, as 
in the sketch. Otherwise, the set is work- 
ing okay: plenty of high voltage, color 
and so on. -F. S., Bowling Green, Ohio. 

000ßpW, EC 
x W1N 

This is probably caused by some- 
thing with a breakdown in the high - 
voltage section. Check the 1,500 -ohm 
1 -watt resistor in the HV lead from the 
3AT2 tube to the CRT. This has been 
known to break down and arc. Since the 
"dc" voltage supply here actually has a 
pretty good pulse on it, these pulses will 
arc over the break in the resistor, and 
cause the streaking. Replace it with a 
2 -watt type. 

Solid -state speaker matching 
Transistor radios have speaker 

voice coils with odd values. I have sev- 
eral replacement speakers with 3.2-ohm 
voice coils. Could I add a suitable re- 
sistor, say 6.8 ohms, to make up a 10- 
ohm impedance, and use this? Also, 
what effect would it have to substitute 
3.2 -ohm speakers for the original 8- or 
10 -ohm types ? -N. D., Quebec. Canada. 

Replacement speakers for odd - 
value voice coils are sometimes hard to 
get. (Not too long ago, I had to locate 
one with a 150 -ohm, center -tapped 
voice coil!) Nevertheless, in all transis- 
tor radios, you should use an exact du- 
plicate. 

Voice coils in tube radios aren't 
nearly as critical; in fact, we have a 
fairly wide tolerance here. However, if 
we mismatch even a comparatively 
small amount in transistor radios, we 
are asking for trouble (and getting it). 
This upsets the operating constants of 
the power transistor and usually leads 

JULY 1967 25 

Wwith 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! 

2,365 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 com- 

prehensive Electrolytic Capacitor 

Replacement Manual K -108 from 

your Sprague Distributor, or write 

Sprague Products Co., 81 Mar- 

shall Street, North Adams, Mass. 

WORLD'S LARGEST MANUFACTURER OF CAPACITORS 

wus.oea 

SPRAGUE® 
THE MARK OF RELIABILITY 

Circle 21 on reader's service card 
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IhTEGßFITED N 

The 3rd Generation arrives! 
INTEGRATED CIRCUITS NOW IN SCOTT RECEIVERS 
Brings stations you've never heard before to life with amazing clarity! 
First tubes, then transistors and FET's ... and now, incorporating the most 
important technological advance of the decade, Scott's new 3rd generation 
receivers ... each with 4 Integrated Circuits! Scott Integrated Circuits are 
designed into the 388 120 -Watt AM/ FM stereo receiver, the 348 120 -Watt FM 
stereo receiver, and the 344B 85 -Watt FM stereo receiver, and the 342 65 -Watt 
FM stereo receiver. Now you can hear more stations with less noise ... less 
interference from electric razors, auto ignitions, etc. Scott conservatively rates 
capture ratio of these new receivers at 1.8 dB ... selectivity at 46 dB! And, 
you'll enjoy this amazing performance for many, many years, thanks to the 
rock -solid reliability of Scott IC's. Your Scott Scott...where innovation is a tradition 
dealer will gladly demonstrate to you the as- 
tounding capabities of these new receivers. 

FREE 
SGTT® 

...fact-filled, fully illustrated booklet on Scott Integrated 
Circuits ... simply circle Reader Service Number 100. 

Circle 100 on reader's service card 

CB (WERM(MS WENTpNi 
save on citizens radio equipment 

Discontinued Models From 

International Radio Exchange 

Select that extra trans- 
ceiver for mobile or base 
installation, or equip a new 
station. Our stock includes 
International types as well 
as other makes. 

Write Today for A 

Complete List of 
Equipment in Stock 

INTERNATIONAL 

RADIO EXCHANGE 
10 NO. LEE, OKLA. CITY. OKLA. 73102 
Division Of International Crystal Mfg. Co. 

Dealing In Used Citizens 
Radio Equixment 

Circle 22 on reader's ereice card 

In the Shop . . . With Jock 

68% OF POWER 

6.80 

I WATT 
SOUND -POWER 
INPUT 

3.20 
32 / OF: VOICE 
POWER ; - * ¡'COIL 

SPKR 

to early failure! You see. the load im- 
pedance, which consists here of the 
speaker and the output transformer, 
determines the collector current! 

Also. there is one had fault with 
the idea of adding series resistance to 
voice -coil circuits. If we are dissipating. 
say, I watt in the speaker. part of it 
will he dissipated across the speaker 
voice coil. but the rest +will he lost in 
that resistor! See the diagram. 

With the figures given, you'd he 
getting only a third of the power across 
the speaker itself! You would get 
"sound." but your volume would he 
mighty low. 

Scope problem 
I llave a Heathkit 0 -12 Lab scope 

using a SUPT tithe. Could 1 use the 
same circuit you showed in Charles 
Cohn's article "Intensify Your Scope" 
( RADIO- ELECTRONICS, February 1965, 
p. 36) ? -L. W.. Coffeyville, Kans. 

I'm afraid not. This one was in- 
tended for use with scope tubes having 
PDA (Post- Deflection Acceleration) 
electrodes. and your 5UPI tube doesn't 
have one. Such tubes (5CPI. etc.) 
have an added accelerator electrode, 
inside the bulb, in front of the deflec- 
tion plates: a higher voltage applied 
here makes the spot brighter by adding 
acceleration to the beam. This is exact- 
ly like TV picture tubes' ultor anodes. 

In your 5UPI tube. the HV is fed 
into the tube hase: all acceleration is 
provided by the plates themselves. END 

"It's a homemade garage door opener." 

26 RADIO -ELECTRONICS 
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New Solid -State High Impedance V -O -M 

The Unique New 
Heathkit 1M-25 

Kit $80 Wired $115 
Never Before Has An Instrument With These Features 

and Performance Been Available At Less Than $200 

13 Silicon Transistors Plus 2 Field Effect Transistors. 11 Megohm 
Input Impedance on DC 10 Megohm Input Impedance on AC 9 DC 
Voltage Ranges From 150 Millivolts Full Scale to 1500 Volts Full Scale 

. Accuracy *3% Full Scale 9 AC Voltage Ranges From 150 Millivolts 
Full Scale to 1500 Volts Full Scale ... Accuracy *5% Full Scale 7 Re- 
sistance Ranges, 10 Ohms Center Scale x1, x10, x100, x1k, x10k, x100k, 
x1 Meg ... Measures From One Ohm to 1000 Megohms 11 Current 
Ranges From 15 Microamps Full Scale to 1.5 Amps Full Scale ... Ac- 
curacy =4% DC. *5% AC AC Response to 100 kHz 6 ". 200 ua Meter 
With Zero Center Scales For Positive and Negative Voltage Measure- 
ments Without Switching 1% Precision Resistors Separate Switch 
For Each Function Eliminates Constant Changing Ten -Turn Thumb - 
wheel Zero Adjustment For Precision Settings Built -In 120 /240 VAC, 
50 -60 Hz Power Supply Plus In- Cabinet Holders For Battery Supply 
During Portable Operation Easy Circuit Board Assembly New Heath 
Instrument Styling With "Unitized" Construction and Low Profile 
Appearance Color Styled in Handsome Beige and Black 

IM -25 SPECIFICATIONS - DC SECTION: Voltmeter: Ranges: 0 - 0.15, 0.5, 1.5, 15, 50, 
150, 500, 1500 volts full scole. Input Resistance: 11 megohms on all ranges. Accuracy: *3';. 
of full scale. Milliammeter: Ranges: 0 - .015, .05, 0.15, 0.5. 1.5. 5, 15, 50, 150, 500, 1500 mo 
full scale. Input Resistance: 0.1 ohm (1500 mo) to 10 K ohm (0.015 ma). Accuracy: =4'; of 
full scale. AC SECTION: Voltmeter: Ranges: 0 0.15, 0.5, 1.5, 15, 50, 150, 500. 1500 volts 
full scale. Input Resistance: 10 megohm shunted by 150 uuf. (treasured at probe tip.) Ac- 
curacy: .5'; of full scale. Frequency Response: t2 db 10 Hz 100 kHz. Milliammeter: 
Ranges: 0 .0.015, 0.05, 0.15, 0.5, 1.5, 5, 15, 50, 150. 500, 1500 ma. full scale. Input Resistant - 
ance: 0.1 ohm (1500 ma) to 10 k ohm (0015 ma). Accuracy: *5' ; of full scale. Ohm Meter: 
Ranges: 10 ohm center scale x1, x10, x100, xlk, .10k, .100k, xl meg. Probe: Combined AC - 

OHMS - DC switching probe. single jack input for Probe and Ground connections, Circuit 
ground isolated from cabinet. Dividers: l' -¡ Precision Type. Meter: 6 -, 200 uo,100' movement. 
Transistors, Diodes: 2 - 2N4304 FETransistor; 13 - 2N3393 silicon junction transistor; 1 - 

9.1 V zener diode; 1 -13 V zoner diode; 4.1N191 germanium diode; 1 silicon Power Supply diode. 
POWER SUPPLIES: Ohms Circuit: 3 volts, (C - cells). Ohms Circuit Bias: 1.35 yr lr E 1 N 
Mercury Cell). Amplifier Circuit: 18 volts. Battery Operation: C cells. Line Operation: 
Transformer operated ,!2 wove circuit, operable on either 120 or 240 V AC 50 -60 Hz. 

The first of an exciting new line of Heathkit test instruments, the IM -25 
Solid -State V -O -M does all the measurement jobs normally required in 
tube or transistor circuits with the no- loading high impedance of a 

VTVM, the convenience and versatility of a VOM, and the accuracy and 
sensitivity of separate lab instruments. 

Accuracy of the impressive specifications of the IM -25 are assured by 
careful attention to design details. For example, the input of the 1M -25 
"floats," isolating the input circuit from the cabinet. (The cabinet is 
grounded by a three -wire line cord.) Double Zener -diode regulation 
minimizes zero shift when changing from line to battery operation. 
Ohms scale calibration is a set- and -forget adjustment. DC voltage meas- 
urements require only a shorted input check of meter zero. Applied 
voltage during resistance measurements is less than 100 millivolts from 
a constant -current source to avoid the possibility of erroneous readings 
or circuitry damage. 

Those who choose the kit model 1 M -25 rather than the factory assembled 
and tested version will find it far easier to build than any other kit meter 
we've ever offered. All components mount on just one circuit board , . , 

even the switches. No more tedious divider circuit wiring. And a special 
wiring harness is provided. 

A die -cast panel bezel ties both front and rear panels together with the 
circuit board supported between to permit removal of the cabinet shells 
without impairing operation. Convenient carrying handles are recessed 
in each of the cabinet shell mounting strips. 

Whether you choose the factory assembled model or the kit version, we 
believe you will find the IM -25 a significant step forward in design and 
value ... capable of creditable service in any application. 

Kit IM -25, 10 lbs. $80.00 
Assembled IMW -25, 10 lbs. 

HEATHKIT 1967 FREE 
CATALOG 
Describes these and over 250 kits 
for stereo hi -fi. color TV, amateur 
radio, shortwave, test, CB, marine, 
educational, home and hobby. Save 
up to 50% by doing the easy assem- 
bly yourself. Mail coupon or write 
Heath Company, Benton Harbor, 
Michigan 49022 

HEATH COMPANY, Dept. 20 -7 
Benton Harbor, Michigan 49022 

Enclosed is $ 

Please send model (sl 
Please send FREE Heathkit Catalog. 

Name 

-, plus shipping. 

$115.00 

(Please Print) 
Address 

City State Zip 
Prices b specifications subject to change without notice. TE -158 

Circle 23 on reader's service card 
JULY 1967 
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SOMEONE SHOULD DEVELOP AN EASY WAY 

TO LEARN ELECTRONICS AT HOME 

RCA INSTITUTES DID! 

Here is a whole new approach to learning 
electronics at home! RCA Institutes, 
one of the nations' largest schools devoted 
to electronics, has developed a faster, 
easier way for you to gain the skills and 

the knowledge you need for the career 
of your choice. Here for the first time, is a 

student -proved, scientifically designed way 

to learn. If you have had any doubts in 

the past about home training in electronics 
-if you have hesitated because you thought 
you might not be able to keep up -or that 
electronics was too complicated to learn - 
here is your answer! Read how 

RCA Institutes has revolutionized 
its entire home training ideas! 

28 
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NEW CAREER PROGRAMS 

BEGIN WITH "AUTOTEXT" INSTRUCTION METHOD! 

Start to learn the field of your choice immediately! 

No previous training or experience in electronics needed! 

With this new revolutionized method of 
home training you pick the career of 
your choice -and RCA Institutes trains 
you for it. RCA's Career Programs assure 
you that everything you learn will help 
you go directly to the field that you have 
chcsen! No wasted time learning things 
you'll never use on the job! The Career 
Program you choose is especially de- 
signed to get you into that career in the 
fastest, easiest possible way! 

And each Career Program starts with 
the amazing "AUTOTEXT" Programmed 
Instruction Method -the new, faster way 
to learn that's almost automatic! "AUTO - 
TEXT" helps even those who have had 
trouble with conventional home training 
methods in the past. This is the "Space 
Age" way to learn everything you need 
to know with the least amount of time 
and effort. 

CHOOSE A CAREER PROGRAM NOW 

Your next stop may be the job of your 
choice. Each one of these RCA Institutes 
Career Programs is a complete unit. It 
contains the know -how you need to step 
into a profitable career. Here are the 
names of the programs and the kinds of 
jobs they train you for. Which one is 
for you? 
Television Servicing. Prepares you for a 

career as a TV Technician /Serviceman; 
Master Antenna Systems Technician; TV 

Laboratory Technician; Educational TV 

Technician. 
FCC License Preparation. For those who 
want to become TV Station Engineers, 
Communications Laboratory Techni- 
cians, or Field Engineers. 
Automation Electronics. Gets you ready 
to be an Automation Electronics Tech- 
nician; Manufacturer's Representative; 
Industrial Electronics Technician. 
Automatic Controls. Prepares you to be 

an Automatic Controls Electronics Tech- 
nician; Industrial Laboratory Technician; 
Maintenance Technician; Field Engineer. 
Digital Techniques. For a career as a 

Digital Techniques Electronics Techni- 
cian; Industrial Electronics Technician; 
Industrial Laboratory Technician. 

JULY 1967 

Telecommunications. For a job as TV Sta- 
tion Engineer, Mobile Communications 
Technician, Marine Radio Technician. 
Industrial Electronics. For jobs as In- 
dustrial Electronics Technicians; Field 
Engineers; Maintenance Technicians; In- 
dustrial Laboratory Technicians. 
Nuclear Instrumentation. For those who 
want careers as Nuclear Instrumentation 
Electronics Technicians; Industrial Lab- 
oratory Technicians; Industrial Electron- 
ics Technicians. 
Solid State Electronics. Become a spe- 
cialist in the Semiconductor Field. 
Electronics Drafting. Junior Draftsman, 
Junior Technical Illustrator; Parts In- 
spector; Design Draftsman Trainee 
Chartist. 

SEPARATE COURSES 
In addition, in order to meet specific 
needs, RCA Institutes offers a wide va- 
riety of separate courses which may be 
taken independently of the Career Pro- 
grams, on all subjects from Electronics 
Fundamentals to Computer Program- 
ming. Complete information will be sent 
with your other materials. 

LIBERAL TUITION PLAN 
RCA offers you a unique Liberal Tuition 
Plan -your most economical way to 
learn. You pay for lessons only as you 
order them. No long term contracts. If 
you wish to stop your training for any 
reason, you may do so and not owe one 
cent until you resume the course. 

VALUABLE EQUIPMENT 
You receive valuable equipment to..keep 
and use on the job -and you never have 
to take apart one piece to build another. 
New - Programmed Electronics Bread- 
board. You now will receive a scien- 
tifically. programmed electronic bread- 

board with your study material. This 
breadboard provides limitless experi- 
mentation with basic electrical and elec- 
tronic circuits involving vacuum tubes 
and transistors and includes the con- 
struction of a working signal generator 
and superheterodyne AM Receiver. 

Bonus From RCA -Multimeter and 
Oscilloscope Kits. At no additional cost, 
you will receive with every RCA Institutes 
Career Program the instruments and kit 
material you need to build a multimeter 
and oscilloscope. The inclusion of both 
these kits is an RCA extra. 

CLASSROOM TRAINING 
ALSO AVAILABLE 
RCA Institutes maintains one of the larg- 
est schools of its kind in New York City 
where classroom and laboratory train- 
ing is available in day or evening ses- 
sions. You may be admitted without any 
previous technical training; preparatory 
courses are available if you haven't com- 
pleted high school. Coeducational class- 
es start four times a year. 

FREE PLACEMENT SERVICE 
In recent years, 9 out of 10 Resident 
School students who used the Free 
Placement Service had their jobs waiting 
for them when they graduated. And 
many of these jobs were with top com- 
panies in the field -such as IBM, Bell 
Telephone Labs, General Electric, RCA, 
and radio and TV stations and other 
communications systems throughout 
the world. 

SEND ATTACHED POSTAGE PAID CARD 
FOR COMPLETE INFORMATION, NO OB- 
LIGATION. NO SALESMAN WILL CALL. 

ALL RCA INSTITUTES COURSES 

AVAILABLE UNDER NEW GI BILL. 

RCA INSTITUTES, Inc. Dept. RE -77 

A Service of Radio Corporation of America 
350 West 4th St., New York, N.Y. 10014 

The Most Trusted Name in Electronics 
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I9I4Hz XTAL Q4 R1 Q3 

R34 R3I Q7 Q6 

Transistor Stereo Generator 
This precision instrument lets you easily align and troubleshoot FM stereo tuners and adapters 

By JOHN B. PAYNE 111 

THE USUAL FM- STEREO MULTIPLEX 
adapter can be simple in design. Since 
it performs quite a complex function, 
however, it must be carefully adjusted 
to give optimum performance. Few 
FM- stereo broadcast stations provide 
adequate test signals for adapter align- 
ment. Therefore, the adjustment of an 
mpx adapter by the technician or hob- 
byist is almost impossible without a 
multiplex generator. 

This project results in a unit that 
is solid- state, compact and self -pow- 

32 

ered, capable of reliable operation for 
many months. Neither circuit layout 
nor transistor types are critical. 

Amplitude response is flat within 
0.5 dB from 50 Hz to 15 kHz; the com- 
posite waveform is as good as that 
available from a broadcast station. The 
generator furnishes only composite 
stereo output -not rf -which can be 
fed directly to a multiplex adapter or 
used to modulate an rf generator for re- 
ceiver alignment. The most critical 
measure of performance is channel sep- 
aration. From 50- 15,000 Hz, this gen- 
erator offers better than the 30 dB re- 

quired by the FCC for FM stations. 

Circuit description 
The 19 -kHz Hartley crystal oscil- 

lator (Q4 in Fig. I ) is one of the most 
critical circuits of the generator. Its ac- 
curacy and stability must be .01 % (2 
Hz) to equal FCC- required station per- 
formance. C2 and the primary of T2 
constitute a high -Q resonant circuit 
tuned to 19 kHz. The signal at terminal 
2 of the primary is 180° out of phase 
with the collector end (terminal 1). 
Positive feedback from terminal 2 pro- 
duces oscillation at the crystal series- 
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resonant frequency. This pilot frequen- 
cy can be trimmed over a 2 -Hz range by 
CI. Emitter resistor R1 is used to ad- 
just the gain of Q4 and hence the level 
of oscillation. 

The diode bridge across the sec- 
ondary of T2 doubles the 19 -kHz pilot 
signal to 38 kHz by full -wave rectifica- 
tion. This rectified signal drives ampli- 
fier Q3, whose collector is tuned to 38 
kHz by Ti. A low- distortion 38 -kHz 
sinusoidal signal appears across the sec- 
ondary and is fed to two diode bridge 
networks (known as Cowan -bridge 
modulators). These diode bridges en- 
able R and L input signals to be com- 
bined to form the composite multiplex 
signal (minus pilot). 

Signals applied to the R and L in- 
put terminals pass through emitter fol- 
lowers Q1 and Q2 and appear unat- 

tenuated at the inputs to the two bridge 
networks (these are points A and C. re- 
spectively) . 

The two diode networks act as a 
switch which alternately connects point 
B (and D) to points A and C at a 38- 
kHz rate. During the first half of the 
38 -kHz cycle, the top of the TI sec- 
ondary (point 3) is positive with re- 
spect to the bottom (point 4). Current 
flows through R8, R9 and diodes D5- 
D6 and D7 -D8. forward -biasing the 
diodes. This causes the R signal at point 
A to appear at the bridge output (point 
B). During this cycle. diodes D9 -D10 
and Dl l-D12 are reverse- biased, pro- 
ducing an open circuit between points 
C and D. The second half of the cycle 
reverses the polarity across the sec- 
ondary of TI. The L signal at point C 
now appears at bridge output D. The 

upper bridge is reverse- biased. This 
sampling process is similar to time -divi- 
sion multiplex. 

If the signal of Fig. 2 -a is applied 
to the R input (with L = 0), the bridge 
output (point B) will be as shown at 
Fig. 2 b. This waveform contains the 
original input -signal spectrum plus a 
double -sideband suppressed -carrier sig- 
nal centered at about 38 kHz. If the 
signal of Fig. 2 -c is applied to the L in- 
put (with R = 0), the sampled signal 
at D will appear as shown in Fig. 3 -d. 

Fig. 2 -b and 2 -d are purposely 
drawn above each other to show how 
the zero -output time of one channel is 
the signal- output time of the other. The 
output of both diode bridges (B and 
D) are connected together in Fig. 1. If 
both input signals are applied simul- 
taneously, the output at point X (corn- 
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5% 
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100 A 
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5.IK/5% 
3 TI 

19kHz OSC 

04 R3 220K 1. S3 /t POWER 

ER Id 
19kHz 

CI 9V SATT 

A 

FUNCTION - LEFT INPUT 
AMPL 

J2 
5 

RI IK 

19 kHz AMPL 

R15 18K 

S2 -b 
C6+ I 

04 0 ) 

ó 4.7µF 

3 
35V 

~o R16 
4 15 1( 

5 

02 

T3 

Z=2K CT 

+ C7 

100 C 

20V DIO 

5.IK/5% 

RIO 5.I K 
5% 

D9 D I I 

+C 19 S2 POSITIONS 
It I EXT INPUT 

15/15V 2 -R 
--- 3 -L !kHz 

4 -R +L TEST 

5 -R -L OSC 

C15 
R29 2K ON 

5% SI 

07 
.0015/5% 

Y 

- - - - -J 
I KHZ TEST OSC 08 
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R32 
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FILTER I 25V 
6 I R 22 
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.022 
5% 

CIeT+ 
100 
20V 
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5% 

R34 

LM IK 
R 33 

R39.5.IK/5% 
8.2K/5% 
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0 
!kHz 
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C2 .002T 

5.IK/5% 
R19 
9.I K 

5% 

33K 

06 

C9 L CIO 
.0033 .0015 

3.3K 

1R21 
12K/5% 
I C12 

100120V 

I=-------J 

R25 

01,2,3,4,5,6,7,9 
2N357 (8) 
Q8 
2N396 

CI31100/20V 

1.8K/5% 

COMPOSITE OUTPUT 

.R26 
:I8K /5% 

Fig. I -A simplified version of the generator would omit the left input amplifier, shown within a dashed line. 

PARTS LIST 
R1, R34 -pot, linear 

taper, 1.000 ohms 
R2-470 ohms 
R3 -220K 
R4 -3,300 ohms 
R5-15K 
R6, R12, R17. R41- 

2,400 ohms. 5% 
R7 -1.300 ohms. 5% 
R8. R9, R10, R11, R20, 

R39 -5,100 ohms, 5% 
R13, R16 -15K 
R18-56K 
R19 -9.100 ohms. 5% 
R21, R29, R30 -2,000 

ohms. 5% 
R22 -3.300 ohms 
R23, R27 -33K 

R24 -pot, linear taper. 
2,500 ohms 

R25 -1.800 ohms, 5% 
R14, R15, R26, R38- 

18K, 5% 
R28. R42 -10K, 5% 
R31 -pot, linear taper, 

50K 
R32 -pot, linear taper, 

10K 
R33 -8.200 ohms, 5% 
R35 -3,000 ohms. 5 ". 
R36 -910 ohms, 5 

R37 -4.300 ohms. 5 

R40 -1.200 ohms 
All resistors i/, watt, 

10% unless otherwise 
noted 

C1 -7-45 pF, ceramic 
trimmer 

C2 -.0051 tiF, 5 %, mica 
C3. C10 -.0015 tiF, 5 %, 

mica 
C4. C7, C12, C13, C18- 

100 pF, 20 volts. tan- 
talum 

C5 C6-4.7 pF, 35 volts, 
tantalum 

C8 -.0022 pF, disc 
C9 -.0033 µF, 5 %, mica 
C11 -10 pF, 25 volts, 

electrolytic 
C14 -1 NF, 20 volts, tan- 

talum 
C15 -.0015 µF, 5 %, mi- 

ca 

C16, C17 -.022 pF, 5% 
C19 -15 pF, 15 volts, 

tantalum 
Ti. T2- output trans- 

former for 38 kHz (J. 
W. Miller 1355 PC or 
equivalent) T3- miniature audio 
transformer, only 2.- 
000 ohm center - 
tapped secondary 
used (Speca DT -1020 
or equivalent) L- lockedoscillator coil 
for 19 kHz (J. W. Miller 
1354 PC or equivalent) 

SI. S3 -spst toggle 
switch 

S2 -2 pole 5- position ro- 

J3 

tary switch 
Dl through D12 -1N104 
LM- miniature lamp, 10 

volts, .014 amp (G -E 
344 or equivalent) 

BATT -9 volts. NEDA 
1605 (Burgess M6. Ev- 
eready 266, RCA VS- 
322 or equivalent) 

Ql. Q2, Q3, Q4. Q5, Q6. 
Q7, Q9 -2N357 or npn 
equivalent 

Q8 -2N396 or pnp 
equivalent 

XTAL- 19.000 kHz, ±2 
Hz (CTS -Knights type 
H17T or equivalent) 

J1. J2, J3 -BNC type co- 
axial panel connector 
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Transistor Stereo Generator 

R INPUT 

a 

L INPUT 

C 

Fig. 2- Compos- 
ite stereo signal 
is de celoped by 
switching 1w- 

tween the L and 
R inputs in di- 
rect sequence. 
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ì 
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c 

Fig. 3 -The function switch outputs: 
(a) R or L only, (b) R +L, (e) R -L. 

mon to B and D) will appear as the sum 
of the two signals, as shown in Fig. 3 -e. 
This is sometimes called interleaving. 

The sum of L +R forms the nor- 
mal audio modulation having a frequen- 
cy spectrum from 50 to 15,000 Hz. This 
provides the required compatible mono- 
phonic signal. The difference (L -R) 
appears as double -sideband compo- 
nents from 23 to 53 kHz centered at 
about 38 kHz. 

With the secondary of T2 floating 
(i.e., center tap not grounded) the 38- 
kHz subcarrier is automatically sup- 
pressed to below 1%, as FM stations 
must do. 

The I 9-kHz pilot is added to the 
multiplex signal by summing network 
R20 -R42 at the input of emitter fol- 
lower Q5, to form the complete compo- 
site waveform. This pilot signal is de- 
rived from the primary winding of T2, 
in the crystal -oscillator circuit. Pilot 
phase relative to the subcarrier is con- 
trolled by R31 and phase -shift amplifier 
Q7. Amplitude is controlled by R32. Si 
turns off the pilot. 

Low -pass filter L- C9- C10 -R21 at- 
tenuates harmonics of 38 kHz generated 
during the switching process. Output 
stage Q6 is a feedback amplifier that 
provides a gain of 20 dB and transforms 
the output to a low impedance. The 
gain of the amplifier is proportional to 
the ratio R23/R22. Output level is set 
by R24. 

An optional internal 1 -kHz audio 
oscillator (Q8 and Q9) is provided. It 
consists of a Wien -bridge network 
which oscillates at a frequency deter- 
mined by R33, R37, C16 and C17. 
Lamp LM stabilizes the oscillator output 
amplitude. 

If FUNCTION switch S2 is placed 
in the R position, only the right (L = 
0) channel is modulated by the test os- 
cillator. Position L connects this test 
signal to only the left (R = 0) channel. 
The composite output signal for either 
R or L is shown in Fig. 3 -a. These two 
test positions generate signals for test- 
ing and adjusting channel separation of 
an adapter. The test signal produces a 

Table of Transistor Voltages (dc) 

Collector 

Base 

Emitter 

Q1 

9.0 

4.0 

3.9 

Q2 

9.0 

4.0 

3.9 

Q3 

9.0 

2.0 
1.3" 
1.9 
1.2" 

Q4 

9.0 

3.4 
1.8" 
3.3 
1.6' 

Q5 

9.0 

2.2 

2.0 

Q6 Q7 Q8 Q9 

8.8 

1.7 
1.6* 
1.5 
1.4 

4.8 

2.0 

1.9 

6.0 
9.0* 
1.75 
0.0* 
1.65 
0.0* 

4.8 
1.5* 
8.8 
8.8* 
9.0 
9.0* 

All values are with generator properly aligned. 
Controls initially set as indicated in instructions 1 through 8 (see text). 
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maximum composite output signal of 4 
volts pp (1.4 volts rms). In the R +L 
position both inputs are connected to- 
gether and modulated by the test signal, 
generating a monophoinc signal as 
shown in Fig. 3 -b. 

Transformer T3 is the secondary 
of a balanced interstage coupling trans- 
former used to invert oscillator phase. 
When the function switch is in R -L 
position these two signals (of equal am- 
plitude and opposite phase) modulate 
the two channels. The composite output 
(Fig. 3 -c) consists of only the stereo 
subcarrier with the monophonic or R+ 
L output suppressed 40 dB. 

An EXT INPUT position is provided 
on the function switch. An external in- 
put signal of 1.5 volts p -p (0.53 volt 
rms) produces an output of 5 volts p -p 
(1.76 volts rms) for 100% modulation. 

Construction 
The chassis is a 6 x 3142-inch cop- 

per -clad circuit board. The copper ma- 
terial lets you solder the transistor sock- 
ets in place easily and simplifies all 
ground connections. Stray pickup is no 
problem if TI, T2 and L are shielded 
(the recommended transformers come 
in shielded cans). All circuit junctions 
are made to either standoff insulators or 
transistor socket pins. 

If cost or space is a problem, the 
instrument can be simplified by elimi- 
nating audio oscillator Q8-Q9 and L-in - 
put channel Q2, D9, DIO, D11 and 
DI2, and associated circuitry shown in 
Fig. 1 by the dashed line. If these cir- 
cuits are eliminated, selector switch S2 
will no longer be required. Also, PILOT 
switch S1 can be eliminated. 

Alignment and checkout 
This procedure requires an audio 

vtvm, an oscilloscope and an audio os- 
cillator. All ac voltage levels are given 
in both peak -to -peak and rms so adjust- 
ments can be made using either a scope 
or a vtvm. 

The alignment process is this: 
Initially set: 

I. FUNCTION switch S2 to PN I IN- 
PUT. 

2. PILOT switch Si to OFF. 

3. Cl for maximum capacitance. 
4. R1 for minimum resistance. 
5. R31 at midposition. 
6. R32 slide arm to ground end 

(zero output). 
7. R24 slide arm to top end (max- 

imum output). 
8. R34 for minimum resistance. 

Then 
9. Remove the crystal from its 

socket. 
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Turn the instrument on (no warmup 
required). With the above settings, 
transistor dc voltages should be as given 
in the table. 

The 19 -kHz crystal oscillator is 
adjusted first. Replace the crystal. Ad- 
just emitter resistor R1 for a collector 
voltage of 6.5 p -p (2.3 rms) on ter- 
minal 1 of T2. Adjust the slug from the 
top of T2 for maximum collector volt- 
age and readjust RI to maintain 6.5 
volts p -p. This prevents Q4 from satu- 
rating, and thus produces a pure 19- 
kHz pilot signal. 

Q3, the 38 -kHz amplifier, is tuned 
by adjusting transformer T1. The top 
slug is adjusted for maximum signal at 
the collector of Q3 (terminal 1 on T1). 
This voltage should be about 12 p -p 
(4.2 rms) for minimum distortion. If 
this level is not correct, adjust RI until 
it is. 

If a 19 -kHz frequency standard or 
counter is available, adjust Cl for ex- 
actly 19.000 Hz. Alternately, the pilot 
signal transmitted by an FM- stereo sta- 
tion can be used. At worst, the fre- 
quency of the recommended crystal will 
still he within the desired range if Cl is 
set to about half its value. Recheck the 
level of oscillation and readjust RI if 
necessary. 

The test -oscillator frequency will 
he close enough to 1 kHz for the values 
given. The only adjustment required is 

the level of oscillation. Turn the func- 
tion switch to R +L. Adjust R34 for a 
signal level of 5.5 volts p -p (1.92 volts 
rms) at the collector of Q8 (top end of 
R34). This level of oscillation will pro- 
duce minimum distortion. After each 
adjustment wait about 20 seconds for 
the resistance of lamp LM to stabilize. 
Make additional adjustments if any are 
necessary. 

Observe the level of oscillation as 
the function switch is rotated through 
each position. If the level decreases by 
more than 0.2 volt p -p (.07 volt rms), 
increase the level of oscillation slightly 
with R34. Fig. 4 -a shows a distorted 
1 -kHz signal due to too high a level. 

a 

b 

Fig. 6 -a -This fig- 
ure 8 shows proper 
pilot phase with 
respect to the sub - 
carrier (see text). 
b- Composite out- 
put for either the 
R or L input only. 
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Fig. 4-a -When R34 is misadjusted, wave- 
form from 1 -kHz oscillator is distorted. ó- 
R34 set correctly, trace is sine wave. 

Fig. 5- Channel separation: (a) no cross- 

talk, (h) crosstalk due to amplitude 
distortion, (e) due to phase distortion. 

Fig. 4 -b shows the correct level. 
Place FUNCTION switch S2 to 

EXT INPUT and connect an audio gen- 
erator (set to 10 kHz) to either the R 
or L external input. Set the oscillator 

CORRECT PHASE FOR LEFT INPUT 
a 

CORRECT PHASE FOR RIGHT INPUT 

b 

Fig. 7 -flow to identify channels: Correct 
phase for (a) L only input, and (h) for R. 

input level to produce a composite out- 
put of about 4 volts p -p (1.4 volts 
rms). With PILOT switch SI OFF, the 
waveform should be similar to that 
shown in Fig. 5 (a, b or c). Adjust L1 

to minimize the baseline or crosstalk 
modulation shown as amplitude A in 
Fig. 5 -h and -c. If the variation of L is 

not sufficient to minimize A, then R21 
should be increased or decreased by 
about 1,000 ohms as required. 

If an external oscillator is not 
available, the internal test oscillator can 
be used. Place the function switch to 
either R or L. This will, however, re- 
duce the separation slightly at the high- 
er modulation frequencies. 

The Lissajous -pattern technique is 

a simple and accurate method for ad- 
justing the phase of the 19 -kHz pilot 
relative to the subcarrier. Connect the 
collector of 38 -kHz amplifier Q3 to the 
horizontal input of an oscilloscope. 
Connect point Y (top of R31 R32) to 
the vertical input. The oscilloscope pat- 
tern should be a figure 8. Adjust phase 
control R31 until the crossover point is 

perfectly centered, as shown in Fig. 6 -a. 
To adjust the pilot amplitude, 

place the FUNCTION switch to EXT IN- 

PUT and turn on PILOT switch SI. With 
the output level control set for maxi- 
mum output, advance pilot amplitude 
pot R32 for an output level of 0.5 volt 
p -p (0.18 volt rms). This will provide 
a pilot level of 8 -10% modulation, for 
an output composite signal of about 5 -6 
volts p -p. 

A simple way to check for correct 
phasing of this pilot signal is to observe 
the composite output signal with the pi- 
lot signal present. The waveform should 
appear as in Fig. 6 -h when the function 
switch is in either the R or L position. 
The amplitude of the 19 -kHz modula- 
tion appearing on the base line should 
be exactly the same for both positions 
of the function switch. 

To route the T_ and R signals to the 
proper receiver channels properly, a 

phase adjustment must he between the 
pilot and the stereophonic subcarrier. 
At the instant when only a positive left 
signal is applied, the stereophonic sub - 
carrier and its sideband signal must 
cross the time axis simultaneously and 
in the positive direction. 

To identify the R and L channels, 
connect the 19 -kHz pilot signal from 
point Y to the L external input and set 
function switch S2 to EXT INPUT. Dis- 
connect one end of capacitor C8. The 
waveform observed at point X will re- 
semble either a or h of Fig. 7. The L 
input is shown at a. while the R input is 

shown at b. Reconnect C8 after the 
channel identification has been made. 

If you've followed these instruc- 
tions carefully. you should now possess 
a stereo generator that will give you 
years of reliable service. END 
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Build DOTnBAR -A Professional 
Quality Pattern Generator 

By DON LANCASTER 

WHO SAYS A BAR GENERATOR HAS TO BE 

expensive. bulky, or hard to use? Be- 
hold the RADIO- El.ECTRONics DOTn- 
BAR, a battery -operated, 2 -pound in- 
strument you can build for $35 to $50. 
By using computer techniques and low - 
cost integrated circuits. the DOTnBAR 
is more stable than nearly any other in- 

strument available today. Patterns lock 
the minute power is applied. They are so 
stable that no internal sync adjustments 
are needed. Only three D cells are need- 
ed for the power supply. 

The DOTnBAR (see photo on front 
cover) is easy to put together and the 
parts are readily available. Circuit hoards 
and a professionally finished front panel 
are available. 

VIDEO OSC 
491,52 KHz 
(ICI-0) 

L_ - - - -- - 
-r. 2 

IIC2) ----. 

PULSE SHAPER 
3 - 2 µ SEC 

(R7, C6, IC9) 

VERT BARS 

COINCIDENT 
"AND" GATE 
(ICI-b) 

DOTS 

+16 
(IC3,IC41 

245 .7 K Hz 

VIDEO DIVIDER CHAIN 1 

- L--- Y - - -1_ 

.-- -r =16 
(IC5, ICE) 

+16 
(IC 7,1C8 

15,360 Hz 

PULSE SHAPER 
30 -3O0µ SEC 
(RB,C8,IC9) 

SELECTOR 
S, ICI - b 

HORIZ 
BARS 

960 Hz 

PULSE SHAPER 
6v SEC 
(C7, R4, IC9) 

HORIZ 
SYNC 
PULSES 

(VERT 8 HORIZ BARS TOGETHER 
FORM CROSSHATCH) 

1- 4. 

60Hz 

PULSE SHAPER 
2O0µ SEC 
(R6,C9,IC9) 

r+ 
RF OSCILLATOR MODULATOR 
CH2,3,OR 4 (ICIO,DI) 
0 XTAL 2 

VERT 
SYNC 
PULSES 

--«ORF OUTFU- 

Fig. 1 -11eart of the generator, as shown in this block diagram, is the divider chain. 
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For a stable television pattern, all 
picture elements must he locked to each 
other, and they should he derived from a 
single reference source. The DOTn- 
BAR's exceptional stability is due to the 
use of binary flip -flops (which divide by 
2). They sync the pattern. Unlike the 
familiar relaxation divider, a binary re- 
quires no adjustments and no regulated 
power supplies. Best of all, it cannot 
jump sync or divide by some different 
number. 

To simplify the divider function, 
512 horizontal lines are used (rather 
than the US standard of 525). With a 
vertical scanning rate of 60 Hz, the re- 
sulting horizontal line frequency is I5: 
360 Hz. Although a hit lower than the 
broadcast standards. this feature will 
cause only a small variation in horizontal 
hold and width settings on TV receivers. 

Because flip -flop dividers work best 
when dividing by multiples of 2. the 
DOTnBAR uses two identical 256 -line 
fields, no interlace, and no equalizing 
pulses. 

Fig. 1, a block diagram, shows 
circuit function. The crystal -controlled 
491.52 -kHz video oscillator starts the ac- 
tion. Its output is divided by 2 to pro- 
duce 245.76 kHz. This figure is then di- 
vided by 16 to produce the horizontal 
scanning frequency of 15,360 Hz. Fol- 
lowing this. another division by 16 
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45v DC 

I+ 
D2 

1N4001 

HEAVY DUTY 
"D "CELLS 
OR ALKALINE 
CELLS 

1c7 MC790P 
DUAL FLIP FLOP " ' 

sfsMPs, 
MINIM MI 

A 

Si-a 

o+ 
(SOURCEI 

047 

4 
ItV400I to 

D3 

oEW 
S2 

_ "BATTERY 
B 

' °----. CI 

100 
F 

OC D XTAL 
491.52 kHz 

SAVER" 
3 POS 

O 
225MA 

3.OV 
E4 Q1ó 

NC 

Ic6 MC790P 
DUAL FLIP FLOP 

1.5V W 480Hz 

-Ln-r 1.5V 240Hz 

Ice MC790P 
DUAL FLIP FLOP 

, 
, 

le 

its MC 790P 
DUAL FLIP FLOP 

E. !NI il! s e, 

\ 1.5V W 1920Hz 

W1.5V960Hz 
(16V) 

C8 T IC9MC789P 
047 HEX INVERTER 

R52.2K , + 

ici -a MC724 
QUAD GATE 

VLr 
1.5V 
3840 H z 

1.5V W 768oHz 

C7'"" 
R4 .002 

+ 
6.2 K 

W 1.5V 491.5 kHz 

R2 
1 

IC2 MC723P 
10K / SINGLE FLIP FLOP 

+ 

NC NC ^ ii I NC NC 

dN IS Itl O r¡ 0 9 9 

C3 .01 rMM_ 

2 

Ica MC790P 
DUAL FLIP FLOP 

NC 
ON O' 

NC NC 

I.5V W 245.8 kHz -+ 
Ica MC790P 
DUAL FLIP FLOP 

NC r z I I Or. IIII Jr :1 
1.5VW30.7 Hz 1 1.5VW122.9kHz . R7 25K r (16H) 

1.5 V VERT WIDTH 
1.5V 

15,360 Hz+ 61.4 kHz 
(H) CCW CW \R3 2.2K 

C6 
330pF 

loo MC7I5P 
DUAL GATE -DO 
NOT CONNECT B+ 
L - 

C9 I.SV W120Hz O.IµF 

W1.5V60Hz CW 

(V) 

R6 
+ 6.2 K 

R8 25K 
HOR WIDTH cCW 

NC 

RIO 
3308 

o 

ICI-b MC724 P 
QUAD GATE 

°14 °n °12 + C, 9 

9 

R9 
4708 

C4 
2.5 p F 

C14 
100pF If 
R14 
470 

DI 

IN 
X AL 2 

(SEE TEXT) 

b1 Ei 
JI 
RF 
OUT 

C5 2.5pF(SEE TEXT) 

SI POSITIONS 
B A - VERTICAL BARS . °Z B- HORIZONTAL BARS 

/ C- OFF o - 0 -CROSS HATCH 
E9 D 

SI -c E - DOTS 

CI3 \ 330pF 

E 

RF LEVEL 

+ TANK MUST COVER 
55 TO 68MHz 

RII 
1000 

T 

/ CIO 
10 -75 

MPS9I8 

CII 
680pF 

R12 M 
IK 

C12 

680pF 
)F 

R13 
IK 

ALL ICES SHOWN TOP VIEW 

* MINIMUM RESONANT 
FREQUENCY > 75 MHz 

I L :4T N t4 3/8" I.D. 5/8" LONG TAP AT I TURN 

Fig. 2-Without the use of integrated circuits, the D01'0B:111 would be two or three times as complex. 

PARTS LIST 
BATT -heavy -duty Dsize flash- 

light cells (3): NEDA 13C 

(Burgess 210. Eveready 
1150, Ray -O -Vac 3LP; also 
see text) 

C1 -100 HF, volts, electrolytic 
C2. C8- .047 µF, 50 volts, mylar 
C3 -.O1 µF, 50 volts. mylar 
C4, C5- 2.5-pF gimmicks (see 

text) 
C6. C13 -330 pF. ceramic disc 
C7- .002 µF, ceramic disc 
C9 -0.1 µF, 50 volts, mylar 
C10 -10 -75 pF, ceramic trim- 

mer (Erie 557-000-COPO- 
109R equivalent. Newark 
Electronics catalog No. 
19F2974 (a) $1.06) 

C)1, C12 -680 pF, ceramic 
disc (see text) 

C14 -100 pF, ceramic disc 
D1 -1 N914 
D2. D3- 1N4001 or equivalent 
ICI- MC724P MRTL quad two - 

input gate ($1.08) 
IC2 -MC723P MRTL J -K flip -flop 

(Motorola, $1.35) 

IC3,4,5,6,7,8- MC790P MRTL 
dual J -K flip -flop ($2.00) 

IC9- MC789P MRTL hex in- 
verter ($1.08) 

Q- MPS918 transistor (Motor- 
ola) ($1.30) 

Note: Data sheets and distribu- 
tor lists on all IC's and 
transistors available from 
Motorola Semiconductor, 
Box 955. Phoenix. Ariz. 
85001 

J1- chassis-type TV connector 
(Mosley 303 or similar) 

J2- clothespin -type TV connec- 
tor (GC KLIPPER or similar) 

L -four turns No. 14 bare cop- 
per wire spaced out 5, in. 
on V.-in. form (see text) 

P1- mating plug for JI 
R1, R2 -10K, 1/4 watt 
R3. R5 -2,200 ohms, '/4 watt 
R4. R6 -6.200 ohms. 1,/4 watt 
R7. R8 -25K pot. linear taper 
R9 -470 ohms. '.í watt 
R10 -330 ohms, '/4 watt 
R11 -100 ohms. '/4 watt 
RI2, R13 -1,000 ohms. % watt 

R14 -47 ohms. '/4 watt 
R15 -250 ohms, miniature po- 

tentiometer, linear taper, 
(CTS U201R251 or equiva- 
lent) 

S1 -3 poles. 5 positions, non - 
shortening selector switch 

S2- dp3pos slide switch (Wirt 
G -128 or equivalent) 

XTAL 1- 491.520 -kHz series - 
resonant crystal (Texas 
Crystals No. TC -21 (a $1.25. 
Texas Crystals, 100 Crystal 
Drive. Fort Meyers, Fla. 
33901) 

XTAL 2 -55.25 (Ch. 2), 61.25 
(Ch. 3), or 67.25 (Ch. 4) 
MHz crystal. fundamental 
or third -overtone type. sim- 
ilar to CTS (James Knights) 
No. H -173 

Case -3 x 4 x 5 -inch aluminum 
case (Bud CU2105A or 
Zero Z- 64- 80A -48 or equiva- 
lent) 

Chassis -(optional) 13 x 8 x 

1/32-inch aluminum sheet 
(see Fig. 5) 

Front panel -(optional) Metal - 
photo hard anodized alumi- 
num dial plate, available 
from Reill's Photo Finish- 
ing. 4627 N. 11 St., Phoe- 
nix, Ariz. 85014. In silver 
color, $2.75; red or copper, 
$3.25, postpaid in US 

Circuit board -2 5/16 x 4% x 

1/16 -inch single -sided PC 
board (see below) 

Spacer -(optional) 43/4 s 11/2 x 
!a -inch (see text) 

Misc. -Crystal sockets; 5;, -ln. 
knob (2); 1% -in. knob; 3- 

cell battery holder, size D; 
pop rivets (12); 4 r in. 
threaded spacers (4); No. 
6 rivet -on spacers (4); 
No. 10 nylon cup washers 
for feet (4); 300 -ohm twin 
lead 

Wire -(3 feet); No. 14 BX or 
Romex house wire (etched 
and drilled PC board avail- 
able from Demco, Box 
16297, San Antonio, Texas 
78216) 
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Build DOTnBAR -A Professional Quality Pattern Generator 

results in a frequency of 960 Hz. the 
same as sixteen times the vertical 
field frequency. One final division by 16 

gives us the 60 -Hz vertical -field scan- 
ning rate. Each divider output consists of 
a fast -rise square wave. and all are 

locked to the others. 
The horizontal and vertical scan- 

ning signals are routed to separate pulse 
shapers to generate horizontal and verti- 
cal sync pulses. These are 6 psec wide 
for the horizontal and 200 sec for the 
vertical. 

Frequencies of 245.76 kHz and 
960 Hz are also sent to pulse shapers. 
They are adjustable. however. so you 
can control the overall line widths and 
dot size. Output of the 245.76 -kHz pulse 
shaper consists of vertical lines. while 
output of the 960 -Hz pulse shaper con- 
sists of horizontal lines. These horizontal 
and vertical lines are sent to a pattern - 
selector s\\ itch and a coincidence cir- 
cuit which produces an output only 
where the lines cross. Consequently, a 

256 -dot pattern results. The pattern - 
selector switch chooses between horizon- 
tal lines, vertical lines, both for cross- 
hatch. or the coincidence- circuit output 
for a screenful of dots. 

For rf output, a crystal oscillator 
working on TV channel 2. 3 or 4 is used. 
This carrier is then modulated by both 
sync and pattern pulses produced by the 
pulse formers. 

.4 pot on the r/ output feedline maintains 
hest signal-to- noise ratio to TV receiver. 

The circuit 
Fig. 2 -the schematic -looks a lot 

more complicated than it really is. Out- 
side of the transistor and ten IC's 
I $ 1 6.50 worth ). there's really very little 
to it. XTAL I and the 2 gates in IC1 -a 
form the video oscillator. 1C2 then per- 
forms the first binary division. producing 
an output square wave at 245.76 kHz. 
The rest of the video divider chain - 
IC2 through 1C8- consists of flip -flops. 
two per package. Each flip -flop divides 
by 2: each $2 package by 4. The desired 
frequencies are picked off as they occur 
during three consecutive divisions by 16. 

Sync -pulse shaping is accomplished 
by R4, C7. R6. C9 and IC9. The output 
sync pulses are then routed to modulator 
stage IC10. 

VERT WIDTH control R7 and HOR 

wtrrrtl control R8 shape the 960 -Hz and 

Parts tclarrmnt in the cabinet isn't crowded. hut be sun' to allow room for batteries. 

245.76 -kHz signals. together with R5, 
C8, R3. C6 and IC9. The dot coinci- 
dence is performed by the lower right 
gate of ICI-b. Selector switch SI . to- 
gether with the remaining gate in ICI -b, 
chooses the desired pattern. A fifth 
switch position turns the DOTnBAR off. 

Q and XTAI. 2 are an rf oscillator, 
operating at channel 2 (55.25 MHz), 
3(61.25 MHz) or 4(67.25 MHz) de- 
pending on your choice. Usually, you'll 
want to pick an unused channel in your 
area. Resonant tank LI -C10 tunes the 
oscillator to suit the selected crystal. 

Diode DI is the rf modulator. The 
amount of current through Dl is de- 
termined by ICI() and resistors R9 and 
R10. In the absence of sync or pattern 
pulses. the series combination of R9 
and R I 0 determines the diode current, 
and hence the black output level. A sync 
pulse grounds R9. increases the diode dc 
current. decreases the impedance of D1, 
and increases the rf output. A pattern 
pulse opens RI0. which turns DI off, 
producing very little output rf and a re- 
sultant white line or dot. 

Composite rf appears across R14 
and is delivered to the receiver antenna 
via a piece of 300 -ohm twin lead and a 

clothespin connector. Coupling from 
R14 is with two 2.5 -pF capacitors -C4 
and C5 -used to reduce rf level. These 
capacitors are "gimmicks" -made by 
simply leaving insulation on the hookup 
wire that contacts the screwheads on 
chassis connector .1 1 (see photo below). 
They're as near to a zero -cost, zero -ef- 
fort pair of capacitors as you'll probably 
ever cone across. 

Batteries 
Ordinary D -size flashlight cells do 

not have quite enough capacity for any 
reasonable battery life in this applica- 
tion. so heavy-duty D cells are recom- 
mended. The NEDA type 13C (Burgess 
210. Eveready 1150. Ray -O -Vac 318) 
costs about $0.16 each. With such bat- 
teries you'll get about 8 hours of contin- 
uous operation. 

If you prefer. you can go to fancier 
cells to reduce your per -hour cost. For 
instance. alkaline D cells such as the 
NEDA 13A ( Burgess AL -2. Mallory 
MN -1300) will give you 40-50 hours of 
operation per set. Professional service 
people might also consider rechargeable 
nicad batteries. The 2.000 mA -hr rated 
D -size (Burgess CD -7 or Eveready C2) 
is ideal. 

A battery -saver switch, consisting 
of S2 and two silicon diodes. is included 
in the generator. When the cells are 
fresh. you can run the DOTnBAR with 
both diodes in series with the battery, 
giving you a supply voltage around 3.2. 
As the batteries age, you cut out first 
D2 and later D3. thus maintaining about 
3 volts for the circuit. If you always use 
the saver position with the maximum 
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FOIL SIDE 

number of diodes in series that still gives 
you output patterns. you'll more than 
double battery life. 

Construction 
A circuit hoard is a must for this 

project as the ICs alone require nearly 
140 tightly packed connections. You can 
buy this board predrilled and ready for 
assembly. but if you prefer you can lay' 
out and etch your own hoard. using the 
full -size layouts shown in Figs. 3 and 4. 
Use a small iron and fine solder while 
soldering the IC's in place. Note that 
the second row of IC's has its identifying 
notches pointing in the opposite direc- 
tion from the first row. IC 10 receives no 
B +. The IC's are not interchangeable. 

The rf oscillator requires a hit of 
care in assembly. Bypass capacitors CI 
and C12 must he high -quality disc units 
that do not resonate below 70 MHz. Do 
not substitute Q. The coil is made of 
No. 14 solid copper wire. Wind four 
turns on a '.'s -inch form and space the 
turns out to 5H -inch. You can strip a 

piece of BX or Romex electric cable to 
get this size. The coil is self- supporting 
and mounts directly on CIO. The oscilla- 
tor tank consists of these two compo- 
nents; they must cover a 55- to 68-MHz 
range. CIO mounts on the foil side of the 
circuit board. A solder terminal and wire 
jumper form the tap for LI. 

You can use a 3 x 4 x 5 -inch metal 
box or similar deep -drawn aluminum 
case for your unit. If your plans call for 
the deep -drawn case. the photos show 
the chassis and the circuit -hoard mount- 
ing. Use the front panel and circuit 
hoard as drilling templates. If your SI 
is multideck. you'll have to shorten the 
spacers to avoid mechanical interference 
with the batteries. 

The chassis supports the circuit 
hoard upside down with four threaded 
spacers and No. 4 hardware. A 1/2-inch 
thick piece of aluminum is mounted be- 
hind the chassis to pull hack the hush - 
ings of SI and the pots. This lets the 
knobs hug the front panel. but still al- 
lows you to make use of the antirota- 
tion tabs on the controls. 

A 300 -ohm chassis -type TV connec- 
tor is mounted on the left side of the 
chassis and can he reached through a 

rectangular access hole in the case. Re- 
member not to strip the leads going un- 
der the terminal screws. 

A three -cell battery holder is pop - 
riveted to the rear panel. So is the hat - 
tery -saver switch, mounted vertically so 
that the maximum upward switch travel 
corresponds to both diodes being in the 
circuit. Watch the clearance between 
battery, chassis and case. You can use the 
case as a ground return as the PC board 
automatically picks up this connection. 

You might like to use several wire 
colors to keep track of the leads to SI. 
Your output cable can consist of 3 feet 

I/8" DRILL (41/N°65 DRILL EXCEPT AS NOTED 
DRILL 1/16" B SET TERMINALS, 
COMPONENT SIDE (II) 

D ùlo oDÒ òo b D òo oDo o oò 
°-;Th, o. _. .. e 

coo.""b 
'O SUIT CII 

TO WIPER R7 "VERT WIDTH" 

TO SUIT XTAL 2 TO SUIT XTAL I 

B BATTERY GROUND TO JI VIA C4, CS (SEE TEXT) 

C3, MC790P 
TO WIPER R8 "HOR WIDTH' ICB,MC790P 

IC4,MC790P IC5,MC790P IC6,MC790P IC7,MC790P 

_ , 
11n.W,n 

n:.r :::.n 
aia/_,/%=/_t + il +t¡_lá ! _v P ! r_ Nia 

/,r-...J `.. 
FROM WIPER SI a 

TO BBE OF SI-c B A OF SI-b 

FROM WIPER SI -b 

CIO 

FROM WIPER OF SI -c (CIO UNDERNEATH) 

Fig. 3 (lop) -Ilere is the life -size pattern for 
the PC board that's used in the generator. 

Fig. 4 -Board holes and foil patterns (middle) 
and component-mounting locations (bottom). 
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N °30 DRILL (I /8 ") 
USE PC BOARD AS 
TEMPLATE 

13/32" DRILL (3) USE 
DIAL PLATE AS TEMPLATE 

B I 

o o UP 

o 
TO SUIT JI 

l ó D 

i 

3 -3/4" 

N °30 HOLE 
MATCH 
DRILL a 
POP RIVE 
TOGE THE L1 

I/2" -- 
I 

o 

a 

o lo 

TO SUIT 
MOUNTING 
SPACERS 2-3/4" 

7" 

4-3/4"--N-1 1-NE-I/2" 

10-I /4" 

I REQUIRED MAKE FROM I/32 "ALUMINUM 

Fig. 5 -If you use a deep -drawn case, you'll need a chassis like this, made of aluminum. 

N °4X1/4 THREADED SPACERS 

NOTE =IF MULTI -DECK 
SI IS USED, 
SHORTEN STOCK 
DECK SPACING 
AS NEEDED TO 
CLEAR 
BATTERY. 

CASE 

1 

SPACER 

N °6 RIVET - 
TYPE 
SPACERS 
1(4) 

DIALPLATE 

DIALPLATE, SPACER, 
AND CHASSIS HELD 
TOGETHER WITH 
SHAFT HARDWARE 
OF CONTROLS 

I7E/4F N°10 NYLON CUP WASHER 

stN °6 -32 X 1/2 F. H. SCREW 

Fig. 6- Assemble case, chassis and PC board like this. Be sure switch clears battery 
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of twin lead with a connector that fits J1 
on one end and. on the other. a clothespin 
connector. Mount a small 250 -ohm pot 
(RI 5) on the clothespin to give you a 
point -of -use rf attenuator. 

Preliminary checkout 
Monitor power -supply current with 

a dc vom and briefly switch the DOTn- 
BAR to the crosshatch position with the 
battery -saver switch up (both diodes in 
the circuit). If the current is not ap- 
proximately 225 mA, stop immediately, 
and carefully check out the circuit to 
find the short. the open, or the IC that's 
in backward. 

Once you have the proper meter 
current. clip the DOTnBAR to a work- 
ing TV tuned to the proper channel, and 
switch to the crosshatch position. Ad- 
just trimmer CIO till the oscillator starts. 
Set CIO halfway between the start and 
dropout points. Then adjust the TV fine 
tuning for the brightest vertical line and. 
if you have to, touch up the horizontal 
stability control. Finally, adjust the 
DOTnBAR width controls to get a typi- 
cal crosshatch pattern. 

Operating hints 
Always use minimum rf output to 

the receiver, to prevent possible over- 
loading. Once adjusted, CIO should not 
need readjustment unless you change 
crystals. The width controls may occa- 
sionally need touching up. or you might 
like to purposely vary them for special 
effects and multiple dot patterns. 

You'll find the picture a bit larger 
than broadcast programs in both direc- 
tions- horizontally because of the 15.- 
360 -Hz sweep frequency, and vertically 
because of a narrower blanking bar. It 
amounts to 4 inch each way on a 20- 
or 21 -inch set. Remember that the hor- 
izontal stability may need retouching on 
a few sets. particularly low -cost porta- 
bles, so always run a final stability check 
on an actual station. 

You can add a gated rainbow by 
building an adjustable. crystal -con- 
trolled, 3.5641 -MHz oscillator and in- 
jecting this signal as a subcarrier into the 
junction of R9-RIO with a small capaci- 
tor. I've purposely left off this feature as 
it adds significantly to the DOTnBAR's 
cost and is normally not needed for the 
majority of color setup and convergence 
work. particularly for in -home service. 

Always use the battery -saver switch 
as far up as possible. If the pattern ever 
becomes skitterish or drops out, switch 
down to the next position. Remember 
that the DOTnBAR needs no warmup 
time, and you're only wasting battery life 
if the instrument is on and not being 
used. END 
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SOLID STATE IN 
ELECTRIC APPLIANCES 
Part 2 -The revolution is under way, with transistors and diodes finding new jobs in labor- saving devices 

By THOMAS R. HASKETT 

LAST MONTH YOU LEARNED HOW SEMI - 
conductors are popping up everywhere 
in new appliances. Probably the most 
widespread use is in the control of tem- 
perature and motor speed. Lighting 
dimmers are popular, too. 

Are there other jobs being done 
with transistors and diodes to make hu- 
man labor easier? You're darned right 
there arc. 

Heating and air conditioning 
The simple thermostat that con- 

trols a furnace. boiler, or electric heat- 
ing element has one disadvantage -time 
lag. Like an overcorrecting agc system, 
it hunts. The room temperature is usu- 
ally either too hot or too cold. 

Honeywell uses solid -state circuits 
to provide proportional. or even, con- 
trol of electric heaters. Fig. I is a block 

SENSOR 
BRIDGE 
a 
AMPL 

POWER 

SUPPLY 

TO ADDITIONAL 
MODULES TRIGGER 

CIRCUIT 
TIMER 
CIRCUIT (SCR CONTROL 

ONLY) 
---)`4 

OUTPUT 

POWER IN SCR 

OR 
TRIAC 

POWER 

-->--NW OUT 
TO 
LOAD 

diagram of the s,tern. The sensor is a 

thermistor which furnishes an error sig- 
nal to the bridge and amplifier. This 
signal is then passed to the trigger circuit 
which fires the SCR or TRIAC to con- 
trol power to the heating elements. 
Additional modules can he slaved to the 
master, to control heat over a wider 
area. The timer circuit schedules con- 
trol cycles so fast that no temperature 
variations are felt by persons in the 
heated space. 

Not only is cold -weather heating a 

problem. so is cold -weather air condi- 
tioning. In hot weather, the temperature 
difference between a cooled room and 
the hot outdoors is used to make the 
air -conditioning system work. An ex- 
pansion device responds to this ditTer- 
ence and passes refrigerant liquid from 
the evaporator coil (which is outdoors) 
to the condenser coil (which is inside 
the cooled room) . 

1n heavily populated rooms, or 

areas filled with heat -generating elec 
tronic equipment. air conditioning i 

often needed in winter, even with out 
side temperatures as low as zero. Sine( 
the outdoor temperature is lower thar 
room temperature, the expansion devic( 
cannot properly control the system. 

Carrier Corp. uses a solid -state con 
trol circuit to run a fan in its air con 
ditioner. The fan cools the condense] 
coil and provides enough temperature 
difference to allow the system to fungi 
tion normally. 

The circuit ( Fig. 2) shows the far 
motor in series with a full -wave bridg( 
rectifier across the ac line. Motor speet 
is determined by current through th( 
windings, which depends on the amount 
of SCR conduction. Since the SCR is 

across the bridge output, it receives dc. 
The thermistor (a negative- coeffi 

cient type) is mounted on the condense: 
coil. R I, the thermistor, and R3 form 
voltage divider across the bridge output 

235VAC FAN 
MOTOR 

CONDENSER 
COIL 

( 

C 

C. 
) 

( 

D3 D6 
0 

R3 

R2 

BI 

Fig. 1- Building heat is automatically Fig. 2 -An air conditioner that operates even on winter days uses a thermistor to cool 
controller] by a thermistor in this circuit. the refrigeration unit when temperature outside the house is cooler than that inside, 
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SOLID STATE IN ELECTRIC APPLIANCES 
As the temperature of the condenser 
coil increases, thermistor resistance de- 
creases. This allows capacitor C to 
charge up to the bias point of Q. turning 
it on. Emitter -to- base -1 resistance be- 
comes very low and C discharges 
through Q into the SCR gate, firing it. 

Zener D6 stabilizes the voltage 
across Q. and Zener D3 does the same 
for the SCR. These diodes also provide 
transient protection. 

Thus, the thermistor controls the 
air conditioner at low temperatures. 

Moisture control 
A clothes dryer can simply he set 

with a timer to run a specified length of 
time. But different loads require differ- 
ent drying times, and set times can he 
wasteful of both time and money. Sev- 
eral manufacturer's lines of dryers are 
automatic -they shut down when the 
clothes are dry. 

The secret of operation is the fact 
that dry clothing is a poor conductor of 
electricity. while wet or damp clothing 
has more conductivity. 

The control that performs this 
unique function was designed by Texas 
Instruments Inc. and is patented under 
US No. 3.266.167. It is manufactured 
and marketed by TI's plant in Ver- 
sailles, Ky. 

Fig. 3 is the dryer control -module 
schematic. The user puts the clothing in 
the tumble compartment and then ad- 
justs R2. the ELECTRONIC DRYNESS con- 
trol, to the degree of dryness desired. 
When the START switch (not shown) is 

pushed. 117 volts ac is applied to the 
module. at which time voltage builds up 
on the gate of the SCR and it's triggered. 
Thus the relay is pulled in. Contacts 4 

TO MOTOR 8 HEATER CKTS 

Fig. 3- Moisture control determines the 
timing cycle in automatic clothes dryer. 

on R4 are closed (connection not shown) 
shorting out the start switch so the dryer 
will not shut off when the switch opens. 
Other contacts on the relay cause the 
motor and heating element to operate. 
The tumble chamber rotates, hot air is 
applied, and the clothing begins to dry. 

Because the clothing is wet to begin 
with, the sensor is more or less shorted. 
preventing capacitor C from charging 
to the dc potential applied through the 
diodes and resistors R1, R2, and R4. As 
the clothes become less damp, their re- 
sistance increases, thus unshorting the 
sensor. This allows capacitor C to 
charge. and when it reaches about 70 
volts, the neon lamp fires and discharges 
the capacitor through Q. When Q is 

The Texas Instruments moisture -control module as used in automatic clothes dryers. 
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triggered into conduction. it puts a vir- 
tual short across the gate -to- cathode 
circuit of the SCR, turning it off. Since 
the SCR cannot conduct. the relay drops 
out, and the motor and heating element 
are turned off. Thus the dryer stops 
when the clothes are dry. 

Contacts I of RY close (connection 
not shown) allowing the capacitor to be 
drained of all residual charge. 

Actually, a bimetallic thermostat 
control circuit (not shown) is used to 
cycle the heating element and maintain 
a preset temperature. After the control 
module relay drops out. the tumble mo- 
tor continues to operate during a cool - 
down period. until the thermal cutout 
drops out. 

Gas ignition 
The usual gas range has one dis- 

advantage-it needs a continuously 
running pilot flame to ignite the burners. 
Not only does the pilot waste fuel if it 
should he accidentally extinguished, but 
the buildup of gas may eventually pre- 
sent a serious hazard as it's poisonous 
and highly flammable. 

Wilcolator Corp.'s EM -20 Elec- 
tronic Match avoids this problem by 
making possible a "cold" oven which 
burns gas only when needed. Fig. 4 is 
the circuit. 

When the range is turned on. 117 
volts ac is applied to the input terminals. 
Storage capacitor C2 begins charging 
through diode D2 and R2. At the same 
time, Cl begins charging through Rl. 
The time constant of Rl and CI is 1 

second. At the end of this period the 
voltage on C 1 has reached the firing 
potential of NEI, causing it to break 
down and trigger the SCR. 

When the SCR conducts, it dis- 
charges C2 through the primary of the 
transformer. Since T has a high turns 
ratio. discharging the 1.250 volts of C2 
across the primary produces a second- 
ary pulse of about 18 kV. This pulse is 
applied to a series of spark gaps. one 
for each burner. the broiler, and the 
oven. Each spark is sufficient to ignite 
the gas stream. 

NE2 is panel- mounted on the 

D R2 I 10MEG 

117 
VAC RI 

22 MEG 

T l,StARKGAPS R3 

20 
250V 

CI 

SCR 

41111410 

i 47K 

NE2 C2 

H 
PANEL NEI 

PILOT 

.047 
100V 

TRIGGER 

Fig. 4 -Gas -range igniter functions like 
an automobile capacitor -discharge system 
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There's no need for a matchbook if a gas range uses Wilcolator's Electronic Match. 

range, to show that the circuit is func- 
tioning. It also acts as a voltage regula- 
tor for storage capacitor C2. 

Semiconductor alarm clock 
Women like cordless clocks be- 

cause there's no ac line to clutter the 
wall. Windup clocks being a nuisance, 
tiny but efficient battery -operated dc 
motors were developed. The next step 
was the solid -state motor -control cir- 
cuit. Now comes a transistor -controlled 
alarm clock -which is not a radio. 

Fig. 5 shows the circuit of the TR -3 
movement used by General Time Corp. 
in their Seth Thomas Auditron. SI is the 
arming switch, and is shown in the 
ALARM position. Normally, with S2 as 
shown, the transistor drives the balance 
wheel (which is shaft -coupled to the 
clock hands) by passing current through 
the drive coil. This coil produces a mag- 
netic field which interacts with the per- 

manent magnet mounted on the rim of 
the balance wheel, thus keeping the 
wheel moving. 

Alarm tripping is set to the desired 
time by adjusting the cam position. At 
the preset time, the cam throws S2 to 
the ALARM ON position. Then the base 
of Q is no longer connected to the posi- 
tive battery supply through R, but 
through pickup coil L2. The rotating 
permanent magnet induces a pulse into 
L2. which is coupled through the speak- 
er. This tone has a frequency of about 
2.500 Hz and occurs in pulses of 300 per 
minute. The frequency was chosen be- 
cause human hearing is more sensitive 
in that region; the pulse rate was chosen 
to simulate the average song of a crick- 
et's chirp on a warm summer night -a 
pleasant sound to most people. The user 
shuts off the alarm by throwing Sl- 
the only switch accessible to him. 

Since current drain of the TR -3 

IBALANCE 
I WHEEL 

CLOCK 
TRAIN 

SLIP 
CLUTCH 

PERMANENT MAGNET 

CAM 
I REV.-12 HHS 

!DRIVE COIL 

ALARM ON 

. L2 -i 4.Q9 
PICKUP 
COIL 

Fig. 5 -This nonradio electronic alarm uses a single transistor to produce its chirp 
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circuit is low, battery life is long. An 
ordinary zinc -carbon C -cell will last 6 
months; a mercury cell will last a year. 

The immovable switch 
Have you ever got on an elevator 

in one of those new buildings, pressed 
the floor- selector button, only to find it 
couldn't be depressed? I have. Funny, 
the thing did light up -and I reached 
the floor I wanted to. But why didn't 
the button move? How did the thing 
operate? 

Fig. 6 shows how. Normally the SCR 
is cut off, and capacitor C2 cannot 
charge from the supply voltage. When 
someone touches pushbutton S (actu- 
ally a small immovable metal plate or 

CAPACITANCE OF HUMAN BODY 

- ii- - -1 - CI 

METAL 
TOUCH -y 
PLATE 

Fig. 6 -Body capacitance touch switch 

disc) body capacitance completes the 
circuit for C2. Because C2 is quite small, 
it rapidly charges to the firing point of 
NE, the neon fires and triggers the SCR 
on. The load -in the SCR anode circuit 
-can be a relay which stops the eleva- 
tor at the desired floor. The "switch," 
by the way, is merely a metal plate to 
sense finger proximity. 

Future applications 
The solid -state revolution has con- 

quered another beachhead in the appli- 
ance industry and is rapidly moving in- 
land. Ahead are even more diverse uses 
-such as the all- electronic home, the 
SCR -controlled electric car, and . . . 

but who knows, really? All we know for 
sure is that semiconductors can be made 
cheaply and in large numbers. They can 
replace many more complicated and 
unstable circuits. and they promise 
much longer service. All these things 
point to greater solid -state use. 

One item is pertinent: Ordinary 
electrical knowledge is not sufficient to 
repair these new electronic appliances. 
People who know how to troubleshoot 
SCR's, TRIAC's and transistors are go- 
ing to be needed in ever -increasing 
numbers to handle service on everything 
from cordless toothbrushes to clothes 
dryers. 

The future of solid -state appli- 
ances can be your future. END 

43 

www.americanradiohistory.com

www.americanradiohistory.com


Build An Audio Tone -Burst Generator 
By RICHARD J. DE SA, Ph.D. 

HIGH ON THE LIST OF "HOT" ELEC- 
tronic items are those amazing little de- 
vices known as integrated circuits. Now 
that their prices have dropped so dra- 
matically, it's quite simple to incorpo- 
rate a couple of them in a multipurpose 
test instrument. Here's a practical and 
useful project for audio testing. 

True to their acclaim. integrated 
circuits allow construction of the instru- 
ment with minimum fuss and few auxil- 
iary components. At the same time, 
they provide versatility. small size and, 
most importantly, low cost. 

When used alone. the instrument 
puts out a high -quality square wave 
(rise time under 450 nsec) at five 
switchable frequencies ranging from 20 
Hz to 12 kHz. When the unit is used 
with an external sine -wave generator. 
variable -width pulses are produced. The 
square -wave and pulse outputs are both 

excellent signals for testing and trouble- 
shooting audio components. 

Most important. however. is the 
instrument's ability to gate or switch an 
external signal to produce tone bursts. 
The external signal to be gated can be 
any waveform -sine or square waves, 
white noise. even music or speech. Cost 
runs under $20. and construction should 
take no more than two or three eve- 
nings. 

The tone burst is excellent for test- 
ing transient response in speakers, am- 
plifiers. tape recorders, crossover net- 
works and other audio components. The 
gated or switched output provides a 
close simulation of the rapid attack - 
and -decay patterns of musical material. 
The tone -burst waveform is also useful 
in evaluating overload characteristics of 
power amplifiers. 

Unfortunately, commercial tone - 
burst generators are complicated and 
expensive. To reduce complexity and 

SI, C4 C13 

BAIT 2 

BAT T I 

BATT 3 

In the box specified, there is just enough room for batteries to fit behind panel jacks. 
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cost, the instrument described in this ar- 
ticle uses an extremely simple transis- 
tor- gating (chopping) circuit together 
with two inexpensive (under $1) Fair- 
child integrated circuits. It produces, as 
shown, excellent tone bursts. If you've 
thought of trying integrated circuits. 
here's a good chance to get your feet 
wet in them. 

Fig. 1 shows the schematic of the 
generator. Fig. 2 is a simplified block 
diagram showing its essential features. 
The unit consists of four subunits. ICI 
is connected as a variable -width pulse 
generator (Schmitt trigger). IC2 is a 
free -running multivibrator. Q1 and Q2 
are the gate driver amplifier and the 
gate. respectively. Q3 and Q4 form a 
compound emitter follower to provide 
a low- impedance output. A direct -cou- 
pled npn pnp pair is used here so the 
output is at ground potential. 

Sine waves introduced at input jack 
J1 (Figs. 1 and 2) are converted to 
fast -rise pulses at the input frequency 
by ICI. Pulse width is controlled by R3. 
Pulses, applied via C2 R5 to IC2. serve 
to lock in the square wave produced by 
free -running multivibrator 1C2 (the 
gating waveform) with the incoming 
sine wave (the gated waveform). The 
tone burst will start at the point at 
which the sine wave crosses the zero 
axis. The input sine wave also is routed 
to gate Q2 by R9 R15, to be gated by 
the output of IC2. 

The multivibrator (IC2) produces 
a clean square wave without the round - 
cornered characteristic of the usual 
multivibrator output. In addition, a sig- 
nal from IC2 is presented at J3 to sync 
the scope. 

The gate (Q2) is a circuit fre- 
quently used in analog computer sys- 
tems. Extremely simple, it is relatively 
free from switching transients. It is also 
highly effective. Signal through the 
closed gate is down more than 65 dB! 
Note, however. that, with R15 switched 
into the circuit by S2, "leak" through 
the gate is increased so that the signal is 
down only 20 dB from the main tone 
burst. This feature is useful when you 
are interested in noting the behavior of 
the device under test after the main 
tone burst is switched off. 

In addition to its function as gate 
driver, Q1 amplifies signals obtained 
from the integrated circuits. Wave- 
forms up to 15 volts peak -to -peak are 
available at the output jack when the 
unit is operated as a square -wave or 
pulse generator. 

Switch S3 selects the desired func- 
tion (OFF, PULSE, SQUARE WAVE, NON - 
GATED, GATED). Each battery is switched 
into operation only when it is necessary 
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for the selected function. The signal ap- 
plied to R19 also is switched to pass the 
desired output signal through the GAIN 

control. For the gate -open or nongated 
function, RIO is connected between 15 
volts and the base of Q1. The driver is 
thus turned on, disabling the gate. 

Construction 
The entire unit is built into a 5 x 4 x 

3 -inch aluminum box. Most of the cir- 
cuitry is mounted on a perforated 
printed- circuit hoard. Capacitors C4 
through CI3 are mounted directly on 
switch SI . Fig. 3 shows the circuit pat- 
tern, and the photos show component 
placement. Letters A through O of Fig. 
I refer to the terminations shown on the 
circuit hoard. These points are con- 

,. nected to various positions on the 
switches, input output jacks and pots. 

The circuit pattern can he readily 
copied using standard printed- circuit 
etching techniques. Careful hand ap- 
plication of ordinary nail polish makes 
an ideal and inexpensive way to apply 
an etch -resistant coating to the copper - 
clad board. After etching in warm fer- 
ric- chloride solution, the nail polish is 

easily removed -with nailpolish remov- 
er, naturally! 

The circuit board is fastened to the 
top of the box with 4-40 hardware and 
small spacers. and the batteries are in- 
stalled in the bottom of the box. If you 
wire the lettered points on the board 
to the appropriate points, the unit can 
be wired quickly. Addition of rubber 
feet, knobs, etc., will then complete the 
assembly. 

After the wiring is complete, in- 
stall the batteries and connect output 
jacks J4 and J5 to the vertical input of 
your scope. Connect sync jack J3 to the 
scope's external -sync input and turn on 
the instrument. With function switch S3 
in position 3, you should get a clean 
square wave. SI varies the frequency of 
the output. Now inject a 1 -kHz 8 -volt 
sine wave at JI and J2. Place the func- 
tion switch in position 4 (nongate). 
You should get an unaltered sine wave 
at J4. In position 5, the sine wave will 
he switched on and off at the frequency 
chosen by SI, thus producing tone 
bursts. 

Adjustment of R3 will allow the 
tone burst to begin at the zero -axis 
crossing of the sine wave (this is not 
necessary, but it results in a more at- 
tractive display). Similarly. the gate 
can be made to close at the zero -axis 
crossing by trimming the input fre- 
quency slightly. Throw S2 and note that 
the "leak" during the gate -closed period 
is increased to -20 dB. 

Operation of the pulse generator 
can be checked by setting switch S3 to 
position 2 and varying R3. Note that 
R3 can be adjusted to give a symmetri- 
cal square wave; thus the unit will pro- 
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Fig. 1 -For flexibility, input and output 
SPECIFICATIONS 

Input: 
External signal generator - 
impedance approximately 7.- 
000 ohms at 1 kHz. Requires 
2 to 3 volts rms to drive pulse 
generator. 

Output: 
a. Output impedance approx. 

5,000 ohms (affected by 
position of level control). 
Maximum output 15 volts 
peak to peak (5.2 volts 
rms). Square -wave and 
pulse outputs positive -go- 
ing from zero. 

b. External scope -sync output. 
Performance: 

a. Gating and square -wave 
frequencies 20. 100, 250. 
5,000, 12.000 Hz nominal. 

b. Pulse frequency- deter- 
mined by external signal 
generator -usable to at 
least 500 kHz. 

c. Frequency response in 
gated and nongated modes -flat from dc to approx. 
50 kHz. 

hure phono jacks and binding posts in parallel. 
PARTS LIST 

R1, R14, R18 -10K 
R2, R13 -4.700 ohms 
R3 -pot, 250K 
R4-47 ohms 
R5, R8, R12 -2.700 ohms 
R6, R7 -6,800 ohms 
R9 -27K. 5% 
R10, R17 -47K 
R11 -3,300 ohms 
R15 -3,000 ohms, 5%, 
R16-1 meg (see text) 
R19 -pot, 10K 
All resistors 1s watt 10 %, ex- 
cept R3, R9, R15. 
C1 -5 µF, 15 volts, electrolytic 
C2-47 pF. disc 
C3. C14 -560 pF disc 
C4, C9 -.01 AF. disc 
C5. C10 -.02 AF. disc 
C6, C11 -0.1 1.F, disc 
C7, C12 -1 AF, 6 volts, elec- 

trolytic 
C8. C13 -5 AF, 6 volts, elec- 

trolytic 
D -1N34 
IC1, 1C2 -µL914 Fairchild in- 

tegrated circuit. Available 
through Fairchild distrib- 
utors 

1- 2N3393, 2N2926 (GE) 
2, Q3- 2N1302 (RCA. TI) Q4- 2N1303 (RCA, TI) 

S1 -2 -pole 5- position rotary 
switch 

S2 -spst slide or toggle 
switch 

S3 -5 -pole 5- position rotary 
switch 

BATT 1, 2 -15 -volt battery 
(Burgess U10 or equiva- 
lent) 

BATT 3 -two 1.5V Z- batteries 
in series 

Box- 5 x 4 x 3 -inch Minibox 
or equivalent (Bud CU- 
2105A) 

JI through JS-4 -way binding 
posts 

J6, J7- Miniature phono or 
coax connectors 

Battery holders -2 for Bur- 
gess U10 (Keystone 166 
or equivalent) 1 for 2 Z- 
batteries (Keystone 140 
or equivalent) 

Perforated copper -clad board 
(Lafayette 19C3601 or 
equivalent) 

Screws, nuts, spacers. wire, 
solder, etc. 
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Fig. 2- Generator circuit operation depends on the position of function switch S3. 
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Build An Audio Tone -Burst Generator 

duce square waves at the frequency of 
the external sine -wave generator in ad- 
dition to the five internally produced 
frequencies. 

With the unit in the "gated" mode, 
but with input jack J1 shorted to J2, 
check the gate offset. (This offset effec- 
tively places the tone burst on a slight 
pedestal). It should be less than 0.1 volt. 

This offset is caused by two effects. 
The first and less significant one is the 
leakage current through Q2 when it is 

cut off. Second, the positive and nega- 

tive 15 -volt supplies are not necessarily 
equal in magnitude. In fact, as the bat- 
teries age, the offset will vary, since 
battery voltages do not change at the 
same rate. One could overcome this 
problem by making R16 variable so the 
offset could be adjusted to zero occa- 
sionally as the batteries age. Such an ad- 
justment was omitted, however, to re- 
duce circuit complexity. In any event, 
the offset will not exceed about 0.1 to 
0.2 volt through the useful life of the 
batteries. END 

RI7 R18 03 RI4 R16 R15 R9 R13 R12 QI 
- 

Front of the perforated board contains most components with some room to spare. 

A 

C 

B 

-15 

N 

J 

+ 3.0 

E 

D 

3 1/4" 

L 

+15 

Fig. 3 -Back of the board above, showing 
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copper connecting paths to all elements 

Fig. 4- Samples of generator waveforms: 

Low-frequency square wave (about 20 Hz). 

High-frequency square ware (12 kli: 

Pulse output at approximately 10 kHz. 

nm1 111111 II1111 IIIIII I 

u1111 1111111 1111111 1111111 u, 

1.000 -11z sine rr, wr, gated at 100 11z 

As above, but with LEAK increased. 

,.,l. 1,111 

50 kllz sine wave gated at about 5 kHz. 

As above, but with LEAK increased. 
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FM at Your Fingertips 
By KENNETH F. BUEGEL 

PEW INSTRUMENTS ARE AS VALUABLE 

to the modern service shop as a good 
FM signal generator. The price is gen- - so high, however. that most shops 
use a combination FM -TV sweep gen- 
erator for FM alignment. Many of them 
have such great leakage signals that the 
user can never be sure of his results, 
especially in a receiver front end. 

The generator described here is an 
updated version of a unit first built over 
4 years ago. Its stability is excellent. 
Output on either band is from a funda- 
mental oscillator and few spurious sig- 
nals are present. The deviation is true 
FM and is adjustable, remaining con- 
stant with tuning. 

The wideband modulator will ac- 
commodate a multiplex signal input and 
the internal audio oscillator a:so has an 
adjustable front -panel output. The at- 
tenuator will reduce the rf output level 
low enough to permit alignment of even 
the most sensitive receivers. Cost of 
construction is about $35. 

The circuit is shown in Fig. 1. Q1 

JULY 1967 

operates as a grounded -base Colpitts 
oscillator. Bandswitch section Sl -b se- 
lects tuned circuits either to cover the 
rf range of 88 -108 MHz or set the i.f. 
of 10.7 MHz. SI -a adds additional 
feedback through C9 to insure oscilla- 
tion at the lower frequency. 

Sl-c selects the modulator input 
voltage required for each hand. As C7 
is varied to tune through 88 -108 MHz, 
the modulating voltage applied to D1 
must also vary or the deviation will he 
greater at higher frequencies. A 72- 
tooth gear on the shaft on C7 drives a 
48 -tooth gear on the shaft of R18. As 
the capacitance of C7 is decreased, the 
wiper of R18 picks off a smaller portion 
of the modulating voltage. R17 and 
R19 are tracking adjustments to set 
modulation at the ends of the tuning 
range. R16 adjusts modulation for the 
10.7 -MHz output. 

Q2 is a phase -shift oscillator oper- 
ating at about 500 Hz. The output of 
emitter follower Q3 is a low- imped- 
ance signal applied to front -panel devi- 
ation control RI5. The input to Q3 may 

be either the internal audio signal or an 
external signal between 10 and 100,000 
Hz. About 2.8 volts p -p is required to 
provide 75 kHz of deviation from an 
external source, nominal 100% modu- 
lation of an FM signal. The output of 
Q2 can modulate the signal in excess of 
100 kHz. 

Construction 
A bracket should be made for Si 

which will hold its contacts about 1/4 

inch above the foil surface of the circuit 
hoard. Another bracket holds R18 and 
C7. Use care in laying out this bracket 
so that the gears will mesh smoothly 
without binding. 

C7 has been modified by removing 
all but six rotor plates and five stator 
plates. Because C7 has a 310 -inch di- 
ameter shaft, a 1,4 -inch spacer is drilled 
out on one end to fit snugly over this 
shaft. The gears listed (see parts list) 
must be drilled and tapped for a No. 8 
setscrew. 

Mount all parts on the PC board 
except C8, LI, L2. and L3: then mount 
the parts on brackets. The coils and 
trimmer are mounted last. The photo 
shows location of components and wir- 
ing between the board and front panel. 
The -V,, points shown on the sche- 
matic are connected by short lengths of 
hookup wire. Keep these leads close to 
the foil surface and route them as 
shown in the drawing. 

The generator cabinet is a 4 x 5 x 
6 -inch chassis box. Extra holes are 
drilled in the cabinet so that each seam 
has two screws fastening the box to- 
gether. Small aluminum angles are 
placed to provide tight connections be- 
tween the seams which normally do not 
make contact. This is necessary-do not 
omit it as a bothersome detail. At 100 
MHz the leakage from these seams can 
radiate to an extent that will render at- 
tenuator switching meaningless. Sand 
off any paint between mating surfaces 
of the box. 

The attenuator section is con- 
structed with large slide switches. Min- 
iature types have too much capaci- 
tance between contacts and the atten- 
uation will be less than desired. Each 
section is shielded as shown in Fig. 2, 
with only a small opening between sec- 
tions for connections. In addition, each 
switch has a copper shield fitting be- 
tween its contacts. 

All switches should have 6 -32 
nuts soldered to the switch- mounting 
plate before being wired into the atten- 
uator. 

All pieces of the attenuator cover 
and shielding are thin copper. (This 
type of copper is available through 
hobby shops or heating suppliers.) The 
back cover of the attenuator is spot - 
soldered in place after the attenuator is 
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.-YCC 

CI 

C7-I FREQUENCY I 
SEE TEXT & PART LIST 

RI 3.3pF106 ' 
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Q3 - 2N3860 
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SEE FIG.2 

LI 
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I 
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R4 
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L4 

vCC 
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10 

db 
6 
db 

ATTENUATOR SECT ONS 

- RB 
2.7K 

S2 

C17 
5 
15V 

VCC 

INT 
CI8 

XT 22 

C5 -.01 

-VCC 

JI EXTERNAL AUDIO OUTPUT 
NPUT J2 

Y 

R 12 

150K 

IRF OUTPUT 
J3 

RI3 
220K 

RI4 

CI9+ DEVIATION 

10 /15V 
2.2K 

R15 5K 
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C 

Fig. 1 -The generator wiring is simple but should be point -to -point and closely spaced. 

An invaluable feature of this generator is the well- shielded attenuator mounted at the 
bottom of the front panel. PC board in center of cabinet contains most components. 

81. 
C7 

72 TOOTH 

C20 

C8 
48 TOOTH 

03 

R18 

C18 

ATTENUAOR 
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FM at Your Fingertips 
mounted in the cabinet. The output 
lead is a short length of 300 -ohm line. 
One side of the line is connected to the 
ground side of the output connector. 
(Insert blocking capacitors in series 
with the output test leads when servic- 
ing transformerless sets.) 

The constructor is cautioned to 
measure very carefully when placing 
the circuit board in the cabinet. Al- 
though the board material is glass epoxy 
and extremely rugged, if any misalign- 
ment exists between the planetary dial 
and the shaft of C7, the output fre- 
quency will shift after you release the 
knob. The brackets which attach the 
circuit board to the cabinet should be 
made slightly shorter than required and 
the gap filled with washers after the dial 
is tightened to C7. 

Alignment 
Aligning the rf portion may be 

completed before mounting the circuit 
board in the cabinet. An FM receiver 
is used to set the dial points on the gen- 
erator. Apply power to the circuit board 
and check at the collector of Q2 for a 

sine wave of 2 -3 volts at about 500 Hz. 
Any clipping or distortion may be re- 
moved by changing the value of R9 
slightly. Apply this signal to C18. The 
same signal should be at Q3 emitter. 

Adjust R15 until about 200 mV 
rms is applied to C20 with R16 and 
R17 set for maximum signal. Throw SI 
to the high band. Connect a clip lead 
from the junction of R20 and R2I to the 
receiver antenna terminals. Set C7 and 
C8 to midrange. A signal should now be 

found in the 88 -108 -MHz range. Ad- 
just the slug in L3 until the output is at 
88 MHz with C7 fully meshed. C8 sets 

and output to 108 MHz with C7 almost 
completely unmeshed. 

Stability at the high end will be 
better if the plates are not completely 
open. Repeat the adjustments on L3 and 
C8 at opposite ends of the dial until 
tracking is accurate. 

Intermediate dial calibration points 
may be determined with crystal marker 
harmonics or by comparison with 
known stations. 

Bring the clip lead near the first 
i.f. stage and rotate SI for 10.7 -MHz 
output. Set C7 to midrange and adjust 
the slug in L2 until the output is on the 
correct frequency. 

The circuit hoard should be 
mounted in the cabinet before calibrat- 
ing deviation control R15. If an accurate 
generator is not available as a compari- 
son source, the following technique will 
do the job with only slight inaccuracy. 
Using an oscilloscope, measure the peak 
audio output of several stations in your 
FM receiver. This peak output should 
be noted and used as a reference value. 
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Be sure to measure it following the de- 
emphasis network in the receiver. 

Connect the generator to the first 
i.f. stage input and inject enough signal 
at 10.7 MHz to quiet the receiver com- 
pletely. Set 15 at midrange and, using 
internal modulation, adjust R16 until 
the receiver output is at the reference 
level. Leave R1.5 at the same setting and 
switch to the high band. Inject the sig- 
nal at the antenna terminals. Tune both 
receiver and generator to 88 MHz and 
adjust R17 for reference output. Tune 
to 108 MHz and adjust R19 for refer- 
ence output. Repeat until the deviation 
is accurate at each end of the tuning 
range. The setting of R15 is now very 
close to 75 -kHz deviation and should 

be marked for future use. 
Since it is possible to deviate the 

output frequency linearly far more than 
75 kHz, this unit may be used as a 
sweep generator with either internal or 
external modulation. Sweep width is 

controlled by the deviation control. The 
scope horizontal input should be con- 
nected to the generator audio output 
jack. The vertical input will be the de- 
tected signal. The modulator bandwidth 
will easily handle a multiplex signal. 

The generator output may be mon- 
itored during alignment by connecting 
a 100 1A meter between the test point 
and ground. 

Build carefully and you'll have a 
useful source of FM at your fingertips. 

END 
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R5 

T 
I - 

R2 

RESISTORS IN 3000 ATTENUATOR ARE 1/2 WATT, 5 ó 
RI-24012,R2 620, R3-16011,R4-2200,R5-10011,R6-3900 
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OLDERED TO 

WITCH MOUNTING 
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Fig. 2 -Good shielding is essential to proper attenuator function. You should solder 
or braze the shield plates to the chassis for least signal leakage between sections. 
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PARTS LIST 

R1 -1,500 ohms 
R2 -3,300 ohms 
R3 -10K 
R4 -1 meg 
R5. R6. R7 -4,700 ohms 
R8 -2.700 ohms 
R9 -56K 
R10-33K 
RI1 -1,200 ohms 
R12 -150K 
RI 3-220 K 
R14 -2,200 ohms 
R15 -pot. linear taper, 5,000 ohms, 2 

watts 
R16, R17 -pot. linear taper, 10K. '4 

watt, horizontal PC mount (Mallory 
MTC1414- Newark Electronics stock 
No. 60F2242, $0.39 -or equivalent) 

R18 -pot, linear taper, 2,500 ohms, 2 
watts 

R19 -pot, linear taper, 5,000 ohms, 1/, 
watt, horizontal PC mount (Mallory 
MTC53L4- Newark Electronics stock 
No. 60F2239, $0.39 -or equivalent) 

R20 -470 ohms 
Fixed resistors Y/2 watt, 10% unless 
otherwise specified 
Resistors for attenuator (all 1/2 watt, 5%) 
9 -240 ohms 
4 -62 ohms 
2 -160 ohms 
1 -220 ohms 
2 -100 ohms 
1 -390 ohms 
QI-2N3856 
Q2- 2N3391 
Q3-2N3860 
D1, D2- variable- capacitance diode, 15 

pF (TRW PSI type V15E Varicap, 
Allied Electronics, 100 N. Western 
Ave., Chicago, Ill. 60680, $3.05) 

D3, D4 -1N295 
C1, C2, C3, C4, C5 -.01 µF, 50 volts, ce- 

ramic disc 
C6, C21 -3.3 pF, NPO ceramic 
C7 -2.7 to 19.6 pF. E.F. Johnson type 

160 -110. modified per text 
C8 -1.5 to 7 pF, ceramic trimmer 
C9 -10 pF, silver mica 
C10 -0.1 µF, 16 volts 
C11 -470 pF, ceramic disc 
C12, C13. C14. C15 -.047 µF, 16 volts 
C16 -100 µF, 10 volts. electrolytic 
C17 -5 AF, 12 volts, electrolytic 
C18, C20 -0.22 , F, 100 volts, Mylar 
C19 -10 µF, 15 volts, electrolytic 
L1 -rfc, 3.3 pH, 10%, miniature 
L2 -20 turns No. 24 enamel closewound 

on J. W. Miller 4300 form 
L3 -5 turns No. 20 tinned copper wire, 

evenly spaced to cover form. Tapped 
at one turn from ground end 

L4 -rfc, 220 pH, miniature 
S1 --4pdt locking switch. (The type 

shown in the photos is no longer 
available. You can substitute a min - 
niature rotary or slide switch or a 
lever type such as the Mallory 
6M2412.) 

S2 -spdt miniature toggle switch 
S3- miniature spst toggle switch 
S4 to S9 -dpdt slide switch (see text) 
J1, .12 -phono jacks 
J3- miniature coax connector 
BATT -8 volts (two Mallory TR133R mer- 

cury cells or equivalent) 
Case -2 -piece 6 x 5 x 4 -in. aluminum 

utility box (Bud CU- 2107 -A or 
equivalent) 

Dial- National Co. type AM -1 or equiva- 
lent 

Gears -Boston Gear 72 -tooth type G -146 
($2.27) and 48 -tooth type G -142 
($1.62) from distributors listed in 
classified directory under "Gears" 
or for $5 for the two (minimum or- 
der) from Boston Gear Works, 14 
Hayward St., Quincy, Mass. 02171 

Etched and drilled glass-epoxy circuit 
board No. FM112, $4.35 postpaid 
from Transitek Co., P. 0. Box 205, 
Des Moines, Wash. 98016 
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WANTED: Test Instrument Info 
Are you sore at a test instrument manufacturer 

because you feel he has not lived up to his promises, 
or his equipment has let you down? If so, you are 
not alone. In years of answering all sorts of mail 
from readers, I recall very few kind words in refer- 
ence to test gear or manufacturers. Gripes and com- 
plaints? We've had plenty. They fall into four basic 
groups. We've looked into enough to know why 
some of them happen. 

Group one: You are sore because you have 
not received a response to requests for service or 
information. Few manufacturers, if any, are set up 
to handle large volumes of mail from equipment 
owners but all are cooperative in rendering services 
established in their operating policies. 

One difficulty is that you have been writing to 
the manufacturer at the rather incomplete address 
printed on the instrument panel or to an address 
that the company left when it moved years ago. 
Undeliverable mail cannot be returned to you if you 
failed to include your return address or if it is illegi- 
ble. Correct addresses for most service -instrument 
makers will be found in the accompanying table. If 
you don't find the one you need, check ads in the 
various electronic publications. 

Another reason for no response from manu- 
facturers is that you consistently fail to put your 
complete address on the letter. The return address 
on the envelope is not enough when writing to a 
business firm. In most cases, incoming mail is 
opened at a central point, envelopes are discarded 
and the letters then routed to the appropriate de- 
partments. You can't expect a reply if you make a 
habit of putting your address only on the envelope. 

Group two: By far the most numerous and 
vehement complaints are from those of you whose 
tube testers cannot handle the latest tube types. 
Well, if your tester is over 12 years old, you prob- 

ably need a new one. The manufacturer might have 
an adapter that will enable you to test nuvistors, 
compactrons, and all the other base configurations 
that have been developed since your tester was built. 
The table will tell you if an adapter is available and 
will supply information on new tube setup charts. 

If your job or hobby requires that you be able 
to test both vintage and modern tube types, then 
you need two testers. Better buy a new one to han- 
dle modern tubes and those to be developed in the 
years to come. Keep the old tester for the jobs that 
require it. Don't palm it off on some unsuspecting 
beginner who may need a modern instrument. 

Group three: You want service or instruction 
manuals. The table lists manufacturers' policies on 
manuals. Generally, they are available for 5 -10 
years after a particular model has been discontinued. 
If you want a schematic and one is not available 
from the manufacturer, you might find it in your 
local library. Take a look through "Test Equipment 
Circuit Manual" (TEC -I) published by Howard W. 
Sams & Co., Inc. For scope schematics, try "En- 
cyclopedia of Cathode -Ray Oscilloscopes and Their 
Uses" by Rider and Uslan. 

Group four: The smallest group of complaints 
is from beginners and do- it- yourselfers who expect 
to receive what amounts to a complete course in 
radio -TV- electronics servicing along with the pur- 
chase of a vom or signal generator. Instruction 
manuals include a few basic uses for instruments 
but you need much more if you are a beginner. For 
detailed information on using various test instru- 
ments, we suggest such books as "The Oscilloscope ", 
"Oscilloscope Techniques ", "The VTVM" and 
"How to Get the Most Out of Your VOM" .from 
the Gernsback Library series, and Robert Middle - 
ton's "101 Ways to Use Your ..." series published 
by Sams. 

Manufacturer Instrument 
type 

Model No. Current (C) 
or discon- 
tinued (D) 

Tube 
chart 
price 

Instruction 
manual 

price 

Accessories type 
and price 

Additional 
Notes 

Amphenol CRT tester 855 C NC NC None 2.3 
Distributor Div. 
2875 25th Ave. 

Color bar 860 
generator 

C NC None 2 -3 

Broadview, III. F -5 meter 840 C NC Uhf module $54.95, vhf module 2 -3 
$69.95, balun $8.95, probe an- 
tenna $12.95 

B & K Div., Tube tester 600 D $1.00 5 

Dynascan Corp., 
1801 W. Belle Tube tester 606 C 

$1.50 
$1.00 5 

Plaine Ave., 
Chicago, Ill. 60613 

Tube tester 625 D 
single 
52.50 

$1.00 Note 4 5 

Tube tester 650 D 4/year $1.00 5 

Tube tester 700 D $1,00 5 

Tube tester 707 C $1.00 None 

CRT tester 200 D $1.00 51.00 
2 /year 

CRT lester 350 D $1.00 $,50 ding. 5 
2 /year 

only CRT tester 400 D $1.00 5 

2 /year 
$1.00 CRT tester 440 D $1.00 Note 4 5 

2 /year 
CRT tester 445 D $1.00 $1.00 5 

2 /year 
CRT tester 465 C $1.50 $1,00 5 

Note 9 
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Instruction Accessories type 
manual and price 

price 

Manufacturer Instrument 
type 

Model No. Current (C) Tube 
or discon- chart 
tinued (D) price 

Additional 
Notes 

Canar Instrument Tube tester 220 D 

Div., National 
Radio Institute, Tube tester 221 D $3.00' $2.00 3AD pie tube adapter cable 6.11.12 

Washington, D. C. 
Tube tester 223 C $4.50`- $4.98, SAD 110 adapter $4.77 

20016 

EICO Tube tester 625 D 

131 -01 39th Ave., Tube tester 628 C $4.50" Note 7 Note 4 8 

Flushing, N. Y. 11354 Tube tester 666 D 

Tube tester 667 C 

Note 9 

Electronic Meas- Tube tester 204 D 

urements Corp., Tube tester 207 D 

625 Broadway, Tube tester 209 D 

New York, N. Y. 10012 Tube tester 
Tube tester 

205 -A 
206 -A 

C $1.50 
C 

NA 

Tube tester 211 C 

Tube tester 213 C 

$0.75 Vtvm 106 C 

Vtvm 107 -A I C $1.00 
Appl tester 108 C $0.75 
Dwell /tack 100 C $1.00 2-7 
Scope 600 C $1.00 
Scope 601 C $1.00 
Batt elio,. 905 C $0.75 
Batt elio,. 907 C $0.75 
Note 9 

Heath Company, Tube tester TT-1A C $0.50 None 
12 -13 Benton Harbor, Tube tester IT-21 C $0.50 None 

Mich. 49022 Tube tester TC-1 D 

Note 9 

Hickok Electrical Tube tester 533A D 

Instrument Co., Tube tester 600A D 

10514 Dupont Ave., Tube tester 605 D $3.50 -$4.50 

Cleveland, Ohio 44108 Tube tester 
Tube tester 

BOOK 

535 
D 

D 

Tube tester 605A D 

Tube tester 800 D 

Tube tester 800A C 

1 -Tube setup charts available at least 3 years after 
instrument is discontinued. 

2- Instruction manuals available for 5 years after in 
strument has been discontinued or until supply is 
exhausted -whichever is longer. 

3- Charts and accessories available from any Amphe. 
nol distributor. 

4 -Write manufacturer for accessories price list. 

5 -Order charts and manuals from factory, accessories 
from local distributor. 

6 -Order charts, manuals and accessories from Cole 
tronics Service, Inc., 1744 Rockaway Ave., Hewlett. 
L.I., N.Y. 11557 

7 -Write factory for information and prices on manuals. 

8 -Order accessories from factory or local distributor, 
tube charts from EICO, Tube Test Data Div., 1744 
Rockaway Ave., Hewlett, L.I., N.Y. 11557. 

9 -Write factory for information on instruments not 
listed. 

10 -CRT adapters CRA ($4.50) and CRA -110 ($3.95) for 
models 625 and 666 and CRU ($9.95) for models 
667 and 628. Model 610 adapter ($5.95 kit. $11.95 
wired) for testing newer tube types in 625 and 666 

testers. Model 615 adapter ($5.95 kit. $11.95 wired) 
for testing older tube types in 628 and 667 testers. 

11 -Tube setup charts available 10 years after instru- 
ment has been discontinued. 

12 -Tube setup charts available 7 years or more after 
instrument has been discontinued. 

13- Instruction manuals available 7 years after instru- 
ment has been discontinued. 

14 -Tube setup charts available 20 years after instru- 
ment has been discontinued. 

15- Instruction manuals available 10 years after in- 
strument has been discontinued. 

16- Instruction manuals available indefinitely at special 
cost. 

17 -Tube setup charts available one year after instru- 
ment has been discontinued. 

18- Instruction manuals available indefinitely. 

19- Instruction manuals available for 5 -10 years after 
instrument has been discontinued. 

20 -Tube setup charts available 5 years after instru- 
ment has been discontinued. 

Single-copy price 

One-year subscription of three or four issues. 
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Manufacturer Instrument 
type 

Model No. Current (C) 
or discon- 
rinued (D) 

Tube 
chart 
price 

Instruction 
manual 

price 

Accessories type 
and price 

Additional 
Notes 

Tube tester 580 D Note 4 
Tube tester 580A C 

Tube tester 750 D 
Tube tester 539B D $4.50 11 -16 
Tube tester 539C C 

Tube tester 6000 D 

Tube tester 6000A D 

Tube tester 6005 C 51.85 
Tube tester 752A C 

Tube tester 799 C 

Transistor 
tester 870 C 

Transistor 
tester 1880 C None 

Transistor 
tester 850P C $1.80 

Transistor 
tester 890 C $4.20 

Note 9 
- 

Jackson Electri- Tube tester 648.1 C None 
cal Instrument Tube tester 648 -A, None 

Co., Dept. D, -B, -C, -P D 

35 Windsor Ave., Tube Tester 648 -R D $3.00' 648 -1 SMK overlay panel $24.95 
Tube tester 658 -1 C $5.00' $1.00 None 14.15 Mineola, N. Y. 11 501 Tube tester 658 C 

Tube tester 658 -A C 658.1 SMK overlay panel $24.95 
CRT tester 825 C -- None - 
Note 9 _ 

Knight and Knight -Kit Tube tester 400A C $0.30 None 
(Allied Radio Corp., 
100 N. Western Ave., 
Chicago, III. 60680) 

Tube tester 

Vtvm 

KG-600B 

KG -625 

C 

C 

$1.75 50.50 

$0.75 

90 CRT harness $4.50, 110' 
adapters for above $3.50 
Hf probe kit $4.95, HV probe kit 
$ 5.95 

Scope KG -635 C $1.50 Direct probe $1.95, rf demod 
probe $4.25, low -C probe $3.95 

Van, KG -640 C 50.75 None 17.18 
Vom KG -645 C $0.50 None 
Rf sig gen KG -650 C $0.75 None 
Rf sweep 

gen KG -652 C $0.75 None 
Audio gen KG -653 C $0.75 None 
Color bar/ 
pattern gen KG -685 C $1.25 None 
Sig tracer KG -690 C $0.50 None 
Scope KG -2100 C $2.00 Wired low -C probe $22.00 

Lectrotech, Inc., CRT tester CRT -100 C $1.50 $1.00 Adapter for Japanese b-w CRT's 2 -11 
1221 W. Devon Ave., 2 /year $5.95 

Chicago, Ill. 60626 Color gen V -6 D $1.00 None 2 
Color gen V -6B C $1.00 None 2 
Color gen V -7 C $1.00 None 2 

Mercury Electron- 
ics Corp., Dept. 

Tube tester 
Tube tester 

101 
102 

D 

D 

MH -3 CRT adapter $12.95, 
MA -20 decal adapter $3.75 $2.50' 

TT, 315 Roslyn Rd., $4'004* 

Mineola, N. Y. 11501 
Tube tester 
Tube tester 

103 
MC -1 

D 
D 

Tube tester 201 D $3.00* MA -20 decal adapter $3.75 
Tube tester 202 C 

Tube tester 203 C $2.50" $ 1.00 
None Tube tester 204 C $4.00" 14 -15 

Tube tester 300 C 

Tube tester 301 C $3.00* 
Tube tester 1000 C $3.00* M14-3 CRT adapter $12.95, 

$5.00 ** $1.00 MA -20 decal adapter $3.75 
Tube tester 1100, -A C $2.50* $1.00 

$4.00** 
MH -3 CRT adapter $3.75 Tube tester 1101 C $ 1.00 

53.00* Tube tester 1200 C $1.00 MH -3 CRT adapter $12.95, 
$5.00 ** 

1 

MA -20 decal adapter $3.75 
Tube tester 2000 C $1.00 MH -3 CRT adapter $12.95 

$2.50* Tube tester FC -1, -2 
1 D I NA MH -3 CRT adapter $12.95, 

$4.00** MA -20 decal adapter $3.75 

Olson Electronics 
260 S. Forge St., 

Notes 2, 7 

and 9 

Akron, Ohio 44508 
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Manufacturer Instrument 
type 

Model No. Current (C) 
or discon- 
linued (D) 

Tube 
chart 
price 

Instruction Accessories type Additional 
manual and price Notes 
price 

Precision Apparatus, Tube tester T -60 

Div. of Dynascan, Tube tester T -62 

1801 W. Belle Tube tester 612 

Plaine Ave., Tube tester 

o, Ill. 60613 
Tube tester 

Chicago, Tube tester 

614 
620 
640 

Tube tester 650 
Tube tester 654 
Tube tester 660 
Tube lester 910 
Tube tester 912 
Tube tester 914 D 53.00' Model G -140 Nuvistor and 5 

Tube tester 915 $4.50 + 51.00 compactron socket adapter 

Tube tester 920 , $12.95, A -20 decal adapter 

Tube tester 922 53.75 
Tube tester 954 Note 4 

Tube tester 1012 
Tube tester 1015 
Tube tester 1022 
Tube tester 1024 
Tube tester 1040 
Tube tester 1060 

- _ Note 9 -- - -- - 

RCA, Electronic Tube tester WT -110A D Note 7 Note 7 18 

Components and Note 9 

Devices, 
Harrison, N. J. 07029 

Radio Shack Corp. Tube tester TBC C Note 6 52.00 Test leads, $0.49 pair 

730 Commonwealth Vom All models Free 

Ave., Boston, Sig gen 22 -040 ' C Free 

Mass. 02215 

l 

Seco Electronics, Tube tester 78 D 53.00 Free None 

1001 2nd St. So., Tube tester 

Hopkins, Minn. 
88 C 53.00 Free Decal adopter 53.00, CRT 

adapter 54.00 

55343 Tube tester 98 C 53.00 Free Plug -in socket panel 513.95, 
CRT adapter $4.00 

Tube tester 101 /107A D $3.00 Free 1071N nuvistor adapter $2.00, 
1171A adapter for compadrar, 
decal, magnovat and novor 
tubes $6.95 

12 -19 

Tube tester 1078 i C 53.00 Free Plug -in socket panel $14.50 
Tube tester 107C C 53.00 Free None 

Tube tester 1000/ C 52.00 Free, Model 1092 vibrator patch 

3000 Modification panel, 517.50 
bulletins 4 
and 5, free 

Sencore, CRT tester CR128A C 51.00 $0.75 

426 S. Westgate Drive, CRT tester CR133 C 51.00 50.75 

Addison, Ill. Tube tester MÚ140 C 53.00 51.00 
Tube tester TC130 D 52.00 $0.75 
Tube tester TC131 C 53.00 Free None 

Tube tester TC136 D 52.00 50.75 
Tube tester TC142 C $2.00 
Transistor TR139 C Not 50.75 
tester needed 

Simpson Electric Co., Vom 260 C (series 5) 50.55 Note 4 

932 E. Benton St., Sig gen 479 D 50.55 None 

P.O. Box 808, Sig gen 480 D 50.55 None 15 -20 

Aurora, III. 60507 F -S meter 
Tube tester 

498A 
1000 

D 

D 

50.55 None 
53.00 None 

Note 9 

Sylvania Electric Tube tester 139/140 D S3.00- 

Products, 1025 S4.50'' Model A -15 new -socket 14 

Westminster Dr., Tube tester 219/220 D Note 6 Note 7 adapter 513.95, A -20 decal 

Williamsport, Pa. Tube tester 
Note 9 

620 D adapter 53.75 

17704 
I 

I 

The Triplett Electrical 
Instrument Co., Tube tester 3414 C $1.00 r $0.75 Note 4 

286 Harmon Rd., 
2.20 

Bluffton, Ohio 45817 Tube tester 
Note 9 

3444 C 51.00 51.00 Note 4 
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IC Sine-Square-Saw Generator 
This instrument employs the latest semiconductor circuits, is compact 
and stable, with a clean output signal By EARL T. HANSEN 

ALMOST ANY PHASE OF AUDIO TESTING OR 

general electronic servicing can benefit 
from a stable and accurately calibrated 
audio generator. The solid -state instru- 
ment described here provides output sig- 
nals from IO Hz to 100 kHz in four dec- 
ade ranges. It also offers sawtooth signals 
at four fixed frequencies. Distortion 
is less than 0.1 % for all sine -wave rang- 
es. Cost of the ac version is about $60, 
while the battery -powered option runs 
about $10 less. 

The thoroughly up -to -date circuit 
employs an FET. a unijunction transis- 
tor, an integrated- circuit package and 
other silicon semiconductors. Direct cou- 
pling is used throughout to assure good 
low- frequency characteristics. 

Circuit description 

The power supply, a straightfor- 
ward bridge rectifier, is able to withstand 
large variations in line voltage. Gener- 
ator output is unaffected at inputs rang- 
ing from 90 to 150 volts. A grounded 
center tap provides equal positive and 
negative output voltages. 

Three RC sections for the 10 -volt 

( 

output and four for the +7/ -6 -volt 
source reduce the ripple virtually to zero. 
The 10 -volt section is Zener- regulated: 
the +7/ -6 -volt section sees a fairly 
constant load and need not he regulated. 

Range: 

SPECIFICATIONS 

10 Hz to 100 kHz in four 

decade ranges. continu- 

ously variable, in both 

sine -wave and square - 

wave modes. 

Four fixed frequencies: 

10, 100 Hz. 1 kHz and 10 

kHz, in sawtooth mode. 

Distortion: Less than 0.1% for all 

sine -wave ranges. 

Output level: 1 volt rms in sine -wave 

mode, 2.82 volts p -p in 

square -wave and saw - 

tooth modes; all with the 

attenuator switch at 0 

dB. Five steps of 10 dB 

each, and a continuously 
variable control in all 

modes. 

Rise Time: Less than 0.3 f,sec for 
all square -wave frequen- 

cies. Approximately 2% 

of the slope length for 
the sawtooth frequen- 

cies. 

Tilt: Less than 1% on any 

range, for square waves. 

Linearity: Less than 1% deviation 
from a straight line for 

all sawtooth frequencies. 

Power Input: 117 volts 60 -Hz, 1.2 

watts, for ac operation. 
Two 10.5 -volt batteries, 
10 mA, for battery opera- 

tion. 

Source 

Impedance: 
Less than 150 ohms for 
all modes with attenua- 
tors adjusted for maxi- 

mum output. 

C12. rated at 25 volts, operates at about 
28. This procedure is acceptable. provid- 
ed the temperature is kept down; this 
generator runs cold. 

The sine -wave oscillator is a basic 
Wien bridge. It uses an FET at the input 
to establish a high -impedance load to the 
bridge network. The time -proven series 
lamp is used in one leg of the bridge for 
amplitude control. A bead thermistor 
also was tried, with the thermistor in 
place of R24 and R25 and the two re- 
sistors where the bulb is now. This ar- 
rangement provides good amplitude sta- 
hility and slightly reduced distortion, 
especially at the very low frequencies. 
The lower distortion level is due to the 
thermistor's longer thermal time con- 
stant as compared with the tungsten -fila- 
ment lamp. 

The thermistor. however, had one 
serious drawback: the output amplitude 
was unstable with changes in room tem- 
perature. The generator required a well - 
calibrated output. so the lamp was chos- 
en for the final design. 

The FET (Q I ) is operated as a 

source follower with unity gain. Effec- 
tive value of resistor source load R20 is 

greatly increased by using bootstrap 
positive feedback through C3. Q2 acts 
mainly as a differential amplifier and 
inverter. Gain is low due to high feed - 
hack level from R24. 

Q3 is a linear amplifier which drives 
push -pull emitter followers Q4 and Q5. 
Linearity of Q3 is improved by applying 
positive feedback to the collector load 
through C6. Emitter voltage is divided 
down (by R18 and RI9) to supply gate 
bias for Q1, thus establishing the oper- 
ating point of the Wien -bridge oscillator. 

One side of the bridge -R25, R24, 
and R22 (the bulb) -provides the feed- 
back path for all frequencies. The other 
side (R l . R2. C2. R3 and R4) provides 
positive feedback at one frequency, thus 
maintaining oscillation. 

Frequency is determined by the to- 
tal values of C and R in each leg: 

f _ ,rRC. CI, in parallel with one 

section of C2, compensates for the sub- 
stantial capacitance existing between the 
frame of C2 and ground. This limits the 
minimum capacitance of each section to 
about 40 pF. Maximum value of each 
section is over 400 pF, allowing a fre- 
quency- adjustment range of 10:1. 

To have each dial range cover a 

decade, resistance values are calculated 
as multiples of 40 (i.e., 40 meg). Multi- 
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03- 2N3906 
04- 2N3904 
05 - 2N3906 
06 - 2N3904 . 

07 - 2N3906 
08 - 2N2646 
Q9 - 2N3417 
010 -2N3906 
IC -CA -3000 

J3O0 

J4 

Fig. 1 -:1s shown on this complete schematic, it's easier to shield the porter -supply switch than the sensitire audio circuits. 

PARTS LIST 
R1, R2, R3, R4 -20K, 5 %, 

matched (see text) 
R5, R6, R7, R8 -200K. 5 %. 

matched (see text) 
R9, Rio, R11, R12 -2 meg. 

5 matched (see text) 
R13, R14. R15, R16-20 

meg. 5 %, matched (see 
text) 

R 17 -270K 
R18, R32 -pot, miniature, 

50K (Mallory MTC -1 or 
equivalent) 

R 19 -180K 
R20. R52 -10K 
R21, R34 -27K 
R22 -tamp, 28V .04A type 

327. 
R23 -47K 
R24 -220 ohms 
R25 -pot, miniature trim- 

mer. 500 ohms (Mallory 
MTC -1 or equivalent) 

R26. R27, R45 -680 ohms 
R28 -i,200 ohms 
R29, R53 -2.700 ohms 
R30, R31, R40, R41 -68 

ohms 
R33 -33K 

R35. R43 -3.900 ohms 
R36. R38 -100K 
R37 -22K 
R39 -pot, miniature trim- 

mer. 10K (Mallory MTC - 

1 or equivalent) 
R42 -pot. 5.000 ohms 
R44 -2.200 ohms. 5% 
R46 -220 ohms, 5 "'. 
R47 -68 ohms. 5";, 
R48 -22 ohms, 5% 
R49 -10 ohms. 5'' 
R50, R55. R56, R57, R58- 

100 ohms 
R51 -18K 
P54 -pot, miniature trim- 

mer, 2.000 ohms (Mal- 
lory MTC -1 or equiva 
lent) 

R59, R60 -820 ohms 
All resistors - 10 %, r% watt 

or more, unless other- 
wise indicated 

C1 -5 -80 pF, variable trim- 
mer 

C2- two -gang tuning ca- 
pacitor, approximately 
465 pF per section (Al- 
lied No. 45 A 3528) 

C3, C15, C16-50 pF, 10 
volts, electrolytic 

C4 -0.1 ¡F, 50 volts, any 
type 

C5 -300 pF, 3 volts. electro- 
lytic 

C6. C7. C17. C18 -50 pF, 6 
volts, electrolytic 

C8 -.01 1,F, 50 volts. paper 
or Mylar 

C9 -0.1 pF. 50 volts, paper 
or Mylar 

C10 -1.0 1,F, 20 volts, paper 
or tantalum 

C11 -10 pF, 20 volts. tanta- 
lum 

C12- 500 ,eF, 25 volts, elec- 
trolytic 

C13. C14 -250 pF, 15 volts, 
electrolytic 

all capacitors f 20% 
Sl-spst. toggle switch 
S2 -3 -pole 4- position rotary 

switch, nonshorting 
(Centralab 1013 or 
equivalent) 

S3 -3 -pole 3- position rotary 
switch, nonshorting 
(Centralab 1007 or 
equivalent) 

S4 -1 -pole 8-position ro- 
tary switch, nonshorting 
( Centralab 1001 or 

equivalent) 
S5 -dpst toggle switch (bat- 

tery operation only) T- transformer, 20 Vac, c.t., 
35 mA (Triad F094X, Al- 
lied 64 Z 731. or equiva- 
lent) 

DL -panel indicator, neon 
(Dialco series 95 or 
equivalent) 

J1 -male TV interlock con- 
nector 

J2. J3 -5 -way binding post 
J4- coaxial audio jack 
D1, D2, D3. D4- IN4001, or 

virtually any silicon 
power diode 

D5. D6- IN4740 10 -volt 1- 
watt Zener diode (Mo- 
torola Surmetic, or 
equivalent) 

QI- P.channel junction FET, 
(Siliconix U-112, or 
equivalent) 

Q2, Q9-very-high-gain, 
high-frequency silicon 
transistor (G-E 2N3417 
or equivalent) 

Q3, Q5, Q7, Q10- high -gain, 
high -frequency silicon 
transistor (Motorola 2N- 

3906 or equivalent) 
Q4, Q6 -npn silicon trap 

sistor. complement to 
Q3 (Motorola 2N3904 or 
equivalent) 

Q8- 2N2646 or similar uni- 
junction transistor 

IC- integrated circuit (RCA 
CA -3000 or equivalent) 

BATT 1. BATT 2- 10.5 -volt 
battery (Burgess type 
2X7. or equivalent) 

F -fuse, r/á -A, solder -in type 
Miscellaneous -metal box. 

4 x 5 e 6 inches, alumi- 
num (Bud CU 2107A or 
equivalent) wire. No. 24 
stranded, assorted col- 
ors; knobs, dry- transfer 
decals; metal disc for 
frequency calibration 
knob; insulated flexible 
coupling and shaft and 
bushing; sheet insula. 
tion (1 16 -in. Plexiglas 
or perforated board) for 
tuning capacitor mount- 
ing; perforated circuit 
board. (Vector type G. 
or equivalent); circuit - 

board terminals. 
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IC Sine -Square -Saw Generator 
pies of the standard value of 39 would 
be close enough, except there is no 
combination of standard 5% resistor 
values that would total 39 meg. This is 

the reason for using two series values for 
each range -to arrive at exact multiples 
of 40. This approach also allows more 
precise matching and a balanced bridge. 

In the sine -wave mode. the Wien - 
bridge output is fed through the second 
push -pull emitter follower (Q6 and Q7). 
The output attenuator provides coarse 
adjustment. With S4 set at the 0 -dB 
position and with R42 fully clockwise, 
sine -wave output is I volt rms. 

In the square -wave mode (S3 in po- 
sition 2), the sine -wave signal is fed to a 

squaring circuit. This is an integrated - 
circuit package connected as a Schmitt 
trigger. The IC is a stabilized and com- 
pensated differential amplifier having 
high -impedance inputs and push -pull 
outputs. Fig. 2 shows the equivalent cir- 
cuit. As used in the overall circuit. it 
works well as a stable and fast -acting 
squaring circuit. The 1 -MHz bandwidth 
allows rise and fall times of 0.3 µsec or 
less. R32 varies the trigger level, thus 
varying the symmetry of the square 
wave. Tilt and low- frequency phase shift 
are minimized by using direct coupling. 

The sawtooth oscillator has four 
fixed frequencies: 10 Hz, 100 Hz, 1 kHz. 
and 10 kHz, selected by the range 
switch. It's basically a unijunction relax- 
ation oscillator. The collector of Q10 
acts as a constant -current source to 
charge the capacitor selected by S2 -c. 
Because of a constant charging current. 
voltage across the capacitor changes 
linearly and forms the slope of the saw. 

When the emitter of Q8 reaches its 
critical level, the capacitor discharges 
through R50 and the emitter -base -one 
junction, then the cycle repeats. Emitter 
follower Q9 couples the sawtooth volt- 
age to the output -level control (R39) 

Fig. 2- What's inside the CA -:3000 IC 

with negligible loading on the RC charg- 
ing circuit. 

All signals are routed through 
push -pull emitter follower Q6-Q7. The 
follower gives good isolation as well as a 

low source impedance. R42 is the out- 
put- amplitude control, giving continuous 
adjustment to zero. 

Output attenuator S4 has eight po- 
sitions. Position U (uncalibrated) gives 
maximum output. With R42 turned fully 
clockwise. the 0 -dB position provides a 

sine -wave output of I volt rms (2.82 
volts p -p). The same switch setting gives 
an equivalent peak -to -peak output for 
the square -wave and sawtooth modes. 

The -50 -dB position provides an 
output adjustable from 0 to 31 mV, a 

range very useful for checking low -level 
amplifiers. The counterclockwise end of 
S4 gives most attenuation (zero output). 

In laying out the components, there 
is one important consideration: The high 
input impedance of the FET is very sen- 

sitive to stray radiation, including that 
from the 60 -Hz input power. Since the 

FET gate connects directly to the tuning 
capacitor. shielding is not easy. As a mat- 
ter of fact, it is actually easier to shield 
the ac components than the signal corn - 
ponents! 

Leads used for the panel lamp and 
switch must be shielded wire. Copper foil 
or thin shim stock is easily fashioned into 
odd shapes to shield the ac -input con- 
nector, fuse, power switch, panel -lamp 
holder. and power transformer. 

All power -supply components are 
mounted on the rear -cover half of the 
aluminum box. Interconnecting leads are 
left long enough to allow "open box" 
operation during calibration. 

The tuning capacitor must be iso- 
lated from ground with a minimum of 
stray capacitance. An acrylic plastic base 
was used in the prototype. The base was 
then spaced away from the aluminum 
case using two additional strips of plas- 
tic. A better way might be to mount the 
capacitor on a piece of the perforated 
circuit board using spacers at the cor- 
ners. The capacitor shaft is isolated with 
an insulated flexible coupling and 
brought through the panel using the 
shaft and bushing from an old volume 
control. 

Small components should be 
mounted either on the rotary switches 
themselves or on perforated circuit 
board using push -in terminals. 

Resistors to be used in the bridge 
(R1-R16) should be carefully selected. 
Standard 5(7e resistors are specified, but 
closer matching is desirable. Good 
bridge balance is necessary to provide 
constant output amplitude across the 
tuning dial. R1 + R2 should exactly 
equal R3 + R4. 

Furthermore, accurate decade rela- 
tionships between range resistances will 
assure that dial calibration will be accu- 
rate between ranges. For example. R5 
+ R6 + R7 + R8 should exactly equal 
10 times RI + R2 + R3 + R4. 

Signal grounding is important, too. 

R24 
R20 

R2t 
C3 
C6 
01 

THERMISTOR(LATER REPLACED WITH LAMP) 

Top side of the Wien -bridge board with components in place. 
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The bridge board is mounted on one side of the cabinet. 
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Whatever your electronics interest, 

here are 12 powerful reasons why you should subscribe to RADIO- ELECTRONICS. 

(besides the $9.60 you can save over newsstand prices) 

In 1966 more than 160,000 readers interested in every area of electronics learned from and profited by: 

January's Annual Color TV issue February, which highlighted practical construction projects 

March, a Hi- Fi'Stereo Ta e issue April, a career series feature May, 

which contained a line -up of home video recorders and their workings. June, an annual issue on 

microcircuits and transistors d7!' July's special section on Stereo FM > August's Test 

Equipment issue, which delved into do- it- yourself instrumentation 00 September, with CB and 

October, full of the news in industrial_ electronics 

November, which turned out to be a music issue featuring guitar amps, etc. 

and its pros and cons. You get all this... 
plus monthly features like Jack Darr's Service Clinic ... reports on test equipment and audio components ... 
new products ... technotes ... new literature and books and more. 

communications content for "two -wayers" 

December, which featured electronic auto servicing 

/ 
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Man's World? Not To These Women! 
sign and people started dropping in off 
the turnpike." 

"Never advertised ?" 
"Never. The first publicity we re- 

ceived as women in the business came 
about entirely by accident. Some man 
telephoned, doing an article on the re- 
pair -shop business. When he found there 
was no 'man of the shop,' he rushed out 
to get an interview with us." 

[That was 4 years ago, and that 
man was one of R -E's writers. The arti- 
cle can be found in the August 1963 is- 
sue Of RADIO- ELECTRONICS. -Editor] 

As I went about snapping shots of 
the girls' shop and office, they revealed 
more details. Muriel, working on a color 
TV, brought out a little invention of her 
own, two convergence rods that enable 
her to reach the knobs of the converg- 
ence board from in front of the set 
while she maintains a straight line of 
vision. 

Seeing how interested I was in the 
ways she applies her electronic knowl- 
edge, Muriel dusted off a flat metal 
chassis that contained the rat maze and 
antenna. It turned out to be a home- 
made theremin. She declined a work- 
shop display of her talent, but men- 
tioned that she often accompanied her 
son when he played the organ or piano. 

Strangely enough, neither Mrs. 
Burke nor Miss Kramer began her life 
with a silver transistor in her mouth; both 
came to electronics by roundabout 
ways. Kathi started as a bookkeeper. 
Muriel began as an artist; some ex- 
quisite pastels and an occasional oil 
adorn the walls of their white frame 
house in Woodbury, Long Island. 

During the war Muriel's artistic 
ability was put to use drafting architec- 
tural plans for the Government. One 
day she visited the electronics section, 
and found her interest jumping to elec- 
tronics drafting. She joined the depart- 
ment, and so it went until she drafted 
the sign outside her own shop: Burke's 
TV Service. 

Another woman started her career 
in electronics and engineering purpose- 
fully. Cecilia Jacobs had a rough time 
of it in contrast to Mrs. Burke and Miss 
Kramer, who rather wandered into it 
from other fields. Despite years of part - 
time practical experience obtained while 
studying engineering and metallurgy at 
Brooklyn College, Miss Jacobs found it 
difficult for her "delicate, feminine and 
therefore-prone-to-fainting-or-hysterics" 
self to find a full -time position in either 
of those fields. 

As it happened, at every job Miss 
Jacobs chose, men were preferred at that 
time. She stepped into each as the first 
woman. The struggle, ironically, wasn't 
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Cecilia Jacobs has a varied background in 
engineering, accounting and management. 

only against an inhospitable men's world. 
When she landed a job as junior engi- 
neer with Vought- Sikorsky, her mother 
stepped into the picture with, "You're 
too young to go away to Connecticut 
alone." 

"Too young, too delicate, and prob- 
ably dumb," went the refrain. Twenty 
or so years ago, women hadn't been 
"proved particularly suited to scientific 
and mathematical work. . . ." as they 
now have, according to one representa- 
tive of the National Aeronautics and 
Space Administration. Rather, a wom- 
an's touch on complicated machinery in 
those days was worse than dropping it. 

By the time industry recognized 
that feminine intuition was good for 
more than discovering the presence of a 
man, Miss Jacobs had found another 
route to electronics. 

"Put me in the accounting depart- 
ment, hmmm ?" she might have said to 
herself. "We'll see; there's more than 
one way to skin a cat!" 

So, Miss Jacobs set her womanly 
talents to working around and through 
those closed doors. She eventually joined 
an electronics company as financial con- 
sultant and shareholder, after years spent 
learning finance. Now she is seeking to 
enlarge her small communications elec- 
tronics firm, J. H. Bunnell & Co., in 
Brooklyn, N. Y. 

"You wouldn't know of a nice little 
electronics firm . . . lasers, maybe 
. . . that we might buy or merge 
with . . . ?" she twinkled at me. I had 
to shake my head. 

Miss Jacobs took me on a tour of 
her factory, quite a treat. Tables of in- 
struments filled a large warehouselike 
room. As we walked through, Miss Ja- 
cobs described some of J. H. Bunnell's 
products: switching racks for RCA; mil- 
itary intercoms; magnetic -tape winders; 

electronic tuning forks; the Cunning- 
ham tube, for which Bunnell at one time 
was sole distributor; also a facsimile ma- 
chine for Western Union, and what 
seemed like hundreds of other items. 
Furthermore, Bunnell & Co. has de- 
signed a Telefax machine for Western 
Union, and once for a radio station. 

Obviously at ease with her prod- 
ucts, Miss Jacobs opened a brown metal 
cylinder to show me the delicate sensory 
equipment inside. Used in Vietnam, 
these cylinders are buried around a mili- 
tary camp to register and communicate 
the location and power of enemy guns 
booming "in the distance." 

A danger nearer to home-bur- 
glary-finds a Bunnell device combat- 
ing it, this time with a special "pen reg- 
ister." The pen register is an automatic 
burglar -alarm system that is wired to 
central police stations. An automatic 
dialing system checks each establish- 
ment to be watched, through a guard's 
call -ins at regular intervals. If a call -in 
is missed, immediate attention is direct- 
ed to that location. One other use for 
this device is to record all numbers 
dialed from a particular phone. It 
thereby has detected many phone- cranks. 

"Just checking this machine in the 
workshop takes two hours." Miss Jacobs 
commented, again showing her thor- 
ough knowledge of operations at Bun- 
nell. She greeted the workmen by name 
and introduced me to those whose care- 
ful skills produce some of the most deli- 
cate equipment. 

Bunnell & Co. was one of the first 
companies to enter data processing, 
Miss Jacobs told me, speaking enthusi- 
astically about the communications in- 
dustry as a whole. 

"Soon, there's going to be no dis- 
tinguishing between the computer fields 
and communications . . . everything 
done with a computer will have to be 
transmitted somewhere." She smiled, 
tapping out a quick Morse code on one 
of her telegraph keys, another company 
product. 

Miss Jacobs added, "Computers 
and all other electronic equipment sim- 
ply provide another medium through 
which man's creativity is expressed. In 
themselves, computers are not creative 
but repetitive: they mass- produce men's 
(and women's) ideas. . . ." 

Certainly, with more machines to 
accept ideas, there's more room for a 
woman's creative contribution, and ap- 
parently computers aren't so discrimi- 
nating against women. 

A woman's intuition and intelli- 
gence in electronics can be as effective 
as a man's. The fourth woman -in -elec- 
tronics proved it during the war, testing 
transmitters. 

Mrs. George Labes gained en- 
trance to that most forbidden lair, a 
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man's workshop, when she allowed her 
husband -to -be to court her with electri- 
cal know -how. 

"The more I learned, the prouder 
he became of me and the more inter- 
ested I became in him," she told me, 
reminiscing. Mr. Labes took such pride 
in Vicki that he enrolled her at the ITT - 
Federal school in Harrison, N. J., while 
he went away to war. Her training was 
so thorough that she bypassed some 
classes and went to work for the princi- 
pal of the school in his repair shop. 

People came in to see if it was true 
that a girl could really repair radios and 
other such electrified items. The fire 
chief put her to the test when he brought 
in an old Philco "Cathedral" radio with 
all its condensers in one can. His laconic 
complaint was, "It's fading." Vicki dis- 
covered the faulty condenser and won 
the day and the fire chief's confidence. 

When her husband returned from 
service, the two of them started the 
first of several repair shops. The present 
one is an audio -visual service shop in 
Ridgefield Park, N.J. 

A glamorous facet of the Labes' 
audio -visual business is their penchant 
for movie -making. They make movies 
for themselves and for industrial adver- 
tising accounts. One technique of theirs 
is to tape- record the sound and then put 
the magnetic strip on the film. The re- 
sult is fun and profit and a companion- 
ship in work that few couples share. 
Their films range from industrial shorts 
such as one about drop forging for Mer- 
rill Bros., a firm on Long Island, to ad- 
vertisements used in home shows or in- 
dustrial conventions. 

Their favorite. however, was made 
during one of their creative moments. 
It is their first and best -loved film, a 
ghost story called "Never Again." Start- 
ing out to entertain the children and in- 
dulging the ham in themselves. Mr. and 
Mrs. Labes produced an honest -to -good- 
ness modern ghost story. The film shows 
a wife going away and leaving her bot- 
tle -prone husband alone with a warning 
not to imbibe. He begins to sip, but feels 
so guilty that he begins to hallucinate. 
Glasses move through the air, his bottle 
escapes his grasp. and suddenly he sees a 
ghost. The "ghost" is actually his wife 
who has returned. but the cure works 
and the bottle no longer tempts him. 

Said Vicki of the movie, "That's 
when I first realized my role around 
here -I'm the silent partner." But, part- 
ner she is. and likes it. "The best way to 
keep young is to keep busy, and I'd rath- 
er be busy here in the shop than cleaning 
house." 

Though most of their business 
comes from schools (70%, in fact), the 
Labes' tackle any project. George teach- 
es Vicki the newer equipment, and they 
intersperse their movies with other work. 
One movie, about a do -it- yourself father 
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Whether testing transmitters or servicing 
TV sets, Vicki Labes has the right touch. 

as he systematically blows himself up, 
might deter amateur tinkerers before 
they start. 

One amateur tinkerer who went on 
to become a "pro " -a woman, of course 
-is Mrs. William Nolan. Confronted 
with a broken tape recorder and the 
prospect of a $40 tab for its repair, 
Mrs. Nolan took matters and the re- 
corder into her own hands. 

With no prior knowledge of elec- 
tronics, Mrs. Nolan picked up a self - 
instruction hook and dug into the tape 
recorder. When she was through, having 
found that "a chain pulley had come off 
in the drive mechanism," she kept on 
reading electronic books until she came 
to ac circuitry and ran into a block. 

Out of curiosity that reached be- 
yond ac circuitry, Mrs. Nolan left her 
job and took a course in electronics at 
RCA Institutes. She was surprised to 
find herself the only girl in the school 
at the time. Her first course led her to 
sign up for engineering electronics, a 2- 
year college -level course. 

Upon her graduation, the amaz- 
ing Mrs. Nolan went right into techni- 
cal writing for the RCA Home -Study 
School. She soon gave this up to work as 
a free lance. and joined a professor at 
RCA Institutes in writing Principles and 
Applications of Boolean Algebra, pub- 
lished by Hayden. 

Mrs. Nolan jumped into the writ- 
ing field with no previous training. with 
no college degree, but -from the sounds 
coming over the phone during our in- 
terview -with a house full of children. 
She works at home "with my shoes off 
and my feet up," and sounds deliciously 
content! 

We asked RCA Institutes if it had 
any other recent women graduates, and 
thus became acquainted with Miss Fran- 
cis Brooks of General Precision Labs in 
Pleasantville, N. Y. 

Miss Brooks found out about RCA 
Institutes when she decided that her fac- 
tory job, TV assembly and testing, no 
longer suited her. She took the electron- 
ics technology course. 

At the GPL plant, Miss Brooks 
works on the electrical layouts for 
closed- circuit cameras. As she explained 
it to me very patiently over the phone: 
"After the schematic has been drawn 
up by an engineer. it is put in the form 
of a printed- circuit board. From that, 
I fit the actual components into place 
on the plan, deciding the final place- 
ment of each part." 

Miss Brooks' next goal is to earn 
her engineering degree in electronics. 
She is fortunate to work for a company 
that will reimburse a good part of her 
tuition. 

Miss Brooks and Mrs. Nolan might 
be considered representative of women 
in a world where a knowledge of elec- 
tronics is almost basic to feeling com- 
fortable with the paraphernalia of their 
society -from tape recorders (which 
the youngest schoolchild listens to daily 
in language study) to automatically 
opening supermarket doors. 

Even today's artists speak through 
an electronic medium, suggest its pres- 
ence in their pictures of life. Balanchine's 
choreography spews human beings 
across a stage in the same precise forma- 
tions in which a computer spews facts 
of human endeavor from its gaping 
steel and most inhuman jaw. The tele- 
visions and radios that the Mrs. Burkes 
and Miss Kramers repair interconnect all 
corners of the nation. informing the indi- 
vidual of the rest of humanity, allowing 
him to relate himself to his society. 

Testing instruments are similar 
across the country. They are highly ob- 
jective, mathematically precise means 
for arriving at the truth, be it related 
to whether a man has been drinking 
while he is driving, or to what type of 
blood he has. Electronics suggests the 
more factual orientation of our society. 
Less is taken for granted. Men are 
judged by objective test scores; elec- 
tronically compiled statistics dictate the 
nature of our conclusions. 

Being a woman no longer automat- 
ically suggests weakness and lack of 
"that kind of interest." Thanks to com- 
puter- compiled "facts" there is less ro- 
manticizing about what ought to be and 
more dealing with what is. And there's 
one thing that is: Our society now has an 
electronic vitality, and if women want to 
enjoy a significant place in that society, 
their insight must extend to the electron - 
ics -of -it -all. END 
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Mr. IC - Tracer of Logt Signals 
Here's a handy troubleshooting instrument, simple to build, which uses 

the newest solid -state device 

J3 

By LYMAN E. GREENLEE 

J2 

M 

0-50tuA 

C 2 

WC-138-T 

C4 

R3 

01 

J6 

S2 

Parts placement 
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isn't critical, but be sure that each component clears the chassis. 

A GOOD AF /RF SIGNAL TRACER IS A REAL 
timesaver for troubleshooting rf and 
audio circuits. This one fits easily in your 
pocket. It can be used as a sound -level 
meter and as a simple preamplifier. 

The instrument is built around an 
IC amplifier housed in a transistor -size 
(TO -5) case. The solid -state circuit con- 
sists of an eight -transistor amplifier with 
90-dB gain and 50 -mW power output 
when used with a 4.5 -volt battery. No- 
signal battery drain is 3.5 mA. Volume 
is adequate for any signal- tracing appli- 
cation. It's also sufficient to drive the 
small speaker to the point of distortion. 

The tracer has two input circuits 
(Fig. 1) because the WC -183 -T employs 
a balanced circuit with internal dc feed- 
back. An input signal can therefore be 
fed to pin 3 or to pin 10. It can also be 
fed to both pins simultaneously. Nor- 
mal bias voltage between pin 3 or pin 
10 and ground (pin l) is slightly more 
than 0.6 volt, so input -decoupling ca- 
pacitors Cl and C2 are required to avoid 
altering the bias level. The input circuit 
can handle a signal swing of ±6 volts, 
and signals as great as 2 volts dc can be 
applied to either input without damage. 
Maximum battery voltage is 9 volts dc. 
There is very little advantage, however, 
in supplying more than 4.5 volts. 

A 47K carbon resistor (R1) cou- 
ples the inputs. Without it, the amplifier 
may motorboat at some settings of gain - 
control pot R2. Variations in gain be- 
tween various examples of the IC am- 
plifier might require reducing the value 
of R1 or connecting a .005 -µF capacitor 
across terminals 5 and 8 of T to insure 
complete stability. 

The capacitor will alter the fre- 
quency response, of course, with cutoff 
at about 4.5 kHz. Without the capacitor, 
overall response of the tracer is good to 
20 kHz and is limited primarily by the 
response of T. 

The input voltage must be held to a 
low level. For signal tracing high -voltage 
equipment, the probe shown in Fig. 1 

provides the required attenuation. R5 is 
a 2,500 -ohm miniature potentiometer 
mounted on a small piece of Bakelite so 
it can be used as a fingertip volume con- 
trol. R4 is in series with the input probe, 
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mounted directly under the miniature 
potentiometer. This resistor limits the 
current through R5 to a safe level, even 
though the probe tip is used for circuits 
with plate voltages of 300 or more. 

R2 is a gain control that will vary 
the over -all amplifier gain by about 30 
dB. This is not enough to prevent over- 
loading at high signal levels: hence the 
need for R5. The maximum signal input 
that can he tolerated without excessive 
distortion is about 50 mV. 

The signal- tracing probe can he 
plugged into either J2 or J3, to provide 
input to either side of the balanced cir- 
cuit. For measuring rf voltages, a ca- 
pacitor /diode detector can be added to 
the audio probe. Fig. 2 shows a separate 
rf probe. 

Almost any rf probe designed for 
use with a vtvm can also be used, pro- 
vided the tracer is fed through a series 
resistor of at least 1.5 meg with a 2,500 - 
ohm or smaller resistor going to ground. 
The added resistors insure that exces- 
sive voltages will not damage the IC 
amplifier. J I and J4 are banana -type 
jacks in parallel with J2 and J3. 

An impedance -matching input 
transformer may be connected across 
R1, using either pair of jacks. The cor- 
rect value for the input impedance will 
be about 5.000 ohms. The amplifier 
can be matched to any input, including 
a speaker -type dynamic microphone, 
with the proper transformer. Common- 

C6 R6 t---aE ^nM 
.005 I.SMEG 
I KV D2 * IN34 I/4 W 

Fig. 2 -To trace rf signals, build this probe. 

Parts List 

BATT -4.2 -volt mercury battery (Mallory TR -133, 
or equivalent) 

C1, C2 -50 µF, 6 volts, electrolytic 
C3, C4 -100 µF. 3 volts. electrolytic 
C5 -10 µF, 3 volts, electrolytic 
C6 -.005 µF, 1.000 volts. ceramic 
R1 -47K, '/, watt, carbon 
R2 -500 ohm transistor radio volume control, 

with spst switch 
R3 -33 ohms, 14 watt, carbon 
R4, R6-I.5 meg, l/4 watt, carbon 
R5- subminiature pot. 2,500 ohms, No. 1 taper 

(Mallory No. MLC -252A, Newark Electronics 
Cat. No. 60F2166 or equivalent) 

D1, D2 -1N34A diode 
IC- Westinghouse WC -183-T amplifier ($7.50 at 

Westinghouse distributors or Milgray Elec- 
tronics. 160 Varick St.. New York. N. Y. 
10013) 

J1, J4, J5- banana jacks (H. H. Smith No. 240 
or equivalent) 

J2. J3 -phono jacks (Switchcraft No. 3501 -FP or 
equivalent) 

SPKR-1 1/2-m. diam. speaker, 8 -ohm voice coil 
M -50 -µA meter, 1%-in. diam. 
S1 -spst on R2 
S2 -spdt slide switch T- output transformer (Lafayette 99.6132) 
Miscellaneous -2'/4 x 21/4 x 5 -inch aluminum 

box (Gold anodized box. $1.50) Mobil Elec- 
tronics. P. 0. Box 1132, Anderson, Ind. 
46015 
12 -pin TO -5 style IC socket (Augat No. 8058 - 
1G28. Allied Radio Catalog No. 47D6087, 
$7.80 for pkg of 5 or equivalent) 
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The of probe contains an attenuator to limit input voltage h) the IC at a safe value. 

BOTTOM VIEW OF 
WC -IE3 -T 
I.C. SOCKET 
(AUGHT N °IG -28) 
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Fig. 1 -Since the amplifier's inside the IC, ¡lucre arc few components for you to ¡cire. 
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glair NINO. 

With straight- through wiring, inputs are 

at one end and outputs at the other. 
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Mr. IC - Tracer of Lost Signals 

ground jack J5 is connected to the chas- 
sis of the equipment being tested. Use 
test leads with a banana plug on one end 
and an alligator clip on the other. 

The output transformer can be ob- 
tained from Lafayette Radio Electron- 
ics. The primary is 500 ohms center - 
tapped, and there are two secondary 
windings: 3,000 and 8 ohms. The 3,000 - 
ohm winding connects directly to J7 to 
feed a pair of high -impedance head- 
phones for signal tracing. The 8 -ohm 
winding is coupled to closed -circuit jack 
J6 through S2. 

When S2 is in AUDIO position, ei- 
ther the built -in speaker or a low -im- 
pedance earphone can be used. When 
S2 is in the METER position, the 50 -µA 
meter is connected in the circuit. 

C5 can range from 10 to 100 µF, 
depending on how much damping you 
want. The greater its capacitance, the 
slower the meter needle will move with 
signal changes. A 100 -µA meter may be 
substituted with little loss of sensitivity. 

Construction hints 
Everything fits neatly into a stock 

2 /a x 21/4 x 5 -inch aluminum box. A 
13 /a -inch chassis punch is used to make 
the hole for mounting the 11 -inch 
speaker. The speaker grille is a piece of 
brass screen about 80 mesh, such as that 
used in oil filters, etc. A 11/2 -inch punch 
is used to make the hole for the meter. 
The volume -control slot will have to be 
cut with a small flat file. 

Input jacks are at the bottom end 
of the box: the output jacks and switch 
S2 mount on the top. To insure ade- 
quate circuit isolation, output jacks J6 
and J7 are mounted on a piece of 15/s x 
2IA x Y1s Bakelite. 

Because output circuits are isolated 
from the common ground, shock hazard 
is reduced. When wearing a pair of 
headphones, you remain isolated from 
the chassis ground. 

Use a 13 /a x 13/4 x Yia -inch of Bake- 
lite to mount the transistor volume con- 
trol and switch, the output transformer, 
the 12- contact Augat socket, and the 
two 100 -µF bypass capacitors -C3 and 
C4. Cut a U -shape hole with a 5/s -inch 
chassis punch to mount the volume con- 
trol /switch. Mount the control so that 
just enough of the control wheel pro- 
trudes through the panel to allow proper 
functioning. 

You may find it difficult to solder 
connecting wires to the Augat socket 
pins. The pins are so very close together, 
and solder flows easily across adjacent 
pins. Slip a small piece of sleeving over 
adjacent pins before soldering, and 
you'll have no trouble with shorted con- 
nections. 

Mount the IC amplifier board last. 

Just before mounting, insert the WC- 
183-T in its socket. Its pins must be 
fanned out slightly to fit the Augat 
socket. Do not cut the leads. Just fan 
them out to fit and carefully press the 
IC amplifier into the socket. Be sure all 
pins are started, then apply firm pres- 
sure. It takes considerable force to start 
all 12 pins at once. Note that there is a 
blue dot to indicate pin 1 on the Augat 
socket. This dot must be indexed to the 
tab on the WC -183 -T amplifier. 

The battery clip is on the bottom 
of the case. Be certain to get the polarity 
right when the battery is inserted in its 
holder. To avoid confusion it's a good 
idea to use red sleeving for the positive 
terminal. Before you insert the battery 
and turn on the amplifier, check every- 
thing for wiring errors. 

Using the signal tracer 
Plug in either probe and turn on 

the amplifier. Advance the gain control 
about a quarter turn. Set the probe vol- 
ume control to minimum. Connect the 
chassis under test to the signal tracer 
with a ground lead to 35. Use the probe 
to find a signal, carefully advancing 
probe gain control R5 as you trace 
through the circuit. 

Always keep R5 at the lowest level 
that will give a readable signal. You can 
use the built -in speaker or headphones 
to monitor the signal. Headphones are 
particularly useful when working in a 
high -noise area, or when there might be 
feedback into an open mike. After lis- 
tening to the signal to check its presence 
and quality, you may switch in the 
meter to get a relative indication of gain 
per stage. Always listen first: you may 
otherwise be measuring noise rather 
than useful signal. 

Use as a preamplifier 
Connect the low -level device 

through a proper impedance -matching 
transformer. A transformer secondary 
of 2.000 to 5,000 ohms may be connect- 
ed directly across R1 (J1 and J4), or you 
can ground one side of the transformer 
and connect the other side to either JI 
or J4. This will feed a signal through 
one side of the dual amplifier. Small 
transistor -input transformers are useful 
for impedance matching. You will ob- 
tain an undistorted output of 30 mW at 
either 3,000 or 8 ohms, sufficient to drive 
almost any amplifier or power- output 
stage. 

Useful frequency range with the 
components shown is from a low of 
about 20 Hz to above 20 kHz. For 
speech only, this broad range can be re- 
duced to about 4.5 kHz by using a .005- 
µF capacitor across pins 5 and 8. END 
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EQUIPMENT REPORT 

Knight -Kit KG -2100 Laboratory Oscilloscope 
Circle 26 on reader's service card 

411111111:3111111111. 

THIS IS NO KIT FOR A BEGINNER -UN- 
less he has lots of patience. For one 
thing, there are over 1,300 separate 
pieces to be assembled. For another, it 
took me about 4 hours just to check the 
parts against the parts list. But wait - 
don't give up -it's worth it. This is a 
triggered scope, with bandwidth from 
dc to 5 MHz, 3 dB down. You gets 
what you pays for, and in this case you 
gets plenty. 

Many components in this kit are 

contained in plastic bags, very handy 
for keeping nuts, bolts and washers to- 
gether. Even nicer, most resistors are 
mounted on cards with numbers along- 
side. When the manual says "R -161," 
you shuffle through the cards to R -161 
and pluck it out. (I found no errors in 
the cards, but to be safe, read that color 
code and cross -check it with the assem- 
bly manual.) 

It took me about 50 hours to con- 
struct this kit. Of course, I may not be 
typical, 'cause I like to take it slow and 
careful with a piece of test gear. After 
all, I intend to depend on this scope 
from now on. I spent a few more hours 
calibrating the instrument. (Actually, I 
went through the calibration once just 
for practice. so I'd know how it felt.) 

Guess I've built a couple dozen 
kits, and I like to think I know my way 
around a chassis. But (I hate to admit 
it) I goofed a few times on this one. Be 
sure to check your wiring every now and 
then. If anything looks suspicious - 
cross -check it with the schematic. I 
didn't exactly hook up the heater line to 
B+, but I did have the voLTs /cM 
VARIABLE control wired backward. Kind 
of made it impossible to calibrate. 

Well. you're wondering, how did it 
come out? After getting rid of my own 
bugs, pretty nice. Ever have a scope 
that floated and drifted? This one 
doesn't. Recurrent -sweep scopes often 
give you a pain from having to resync 
all the time. Not the KG -2100. Set the 
stability control once and you'll sync on 
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any trace that you can comfortably 
read. All critical voltages are regulated, 
assuring immunity from line -voltage 
changes. 

Why a triggered scope? Well, for 
one thing. it lets you observe nonrecur- 
rent waveforms. I was fooling around 
with a neon -lamp ring counter and won- 
dered what the waveform across a six - 
unit job would look like. The counter 
works on the principle that each lamp 
has a slightly different firing potential 
from the others. I coupled the KG -2100 
across the circuit and got the trace 
shown in the photo. Notice the pre- 
vious traces, slowly decaying on the 
phosphor: each one is different. There 
was no jitter and no hum. just clean 
sweeps. 

The KG -2100 is well worth the 
price. time and effort. The CRT is a 
flat -face special and horizontal deflec- 
tion is quite linear. The bezel (that met- 
al gizmo in front of the CRT faceplate) 
has studs for camera mounting. so you 
can take scope photos for your family 
album. And the handle isn't one of those 
tight- hand -fitting jobs made only of 
plastic -it's a handful and has steel in- 
side so you won't drop baby. 

Oh, I almost forgot to mention the 
off -screen lamps. Seems that with a trig- 
gered scope you get not deflection until 
you probe a waveform. Okay -but 
what if you're not centered vertically? 
Well, there are these two little -bitty 
neons above the CRT. One has an ar- 
row pointing down. the other up. You 
can guess the rest. Clever. clever. 

Finally. I have a complaint. The ven- 
tilating fan makes noise. (It's needed to 
cool all those tubes.) And some of the 
panel knobs are loose. Oh well -what 
do you expect, perfection? Perform- 
ance isn't affected. 

Thomas R. Haskett 
MANUFACTURER'S SPECIFICATIONS 

VERTICAL 
Sensitivity: .05 volt p -p /cm (dc); .005 volt p -p/ 

cm (ac) 
Response: 3 dB down, dc to 5 MHz, .05 to 20 

V /cm (dc); 3 dB down, 5 Hz to 1.5 MHz, 
.005 to .02 V /cm (ac); 3 dB down, 5 Hz to 
5 MHz, .05 to 20 V /cm (ac) 

Overshoot: Less than 2% on a 500 -Hz square 
wave 

Rise time: 85 nsec 
Input impedance: 1 megohm shunted by 40 pF 
Attenuator: Frequency- compensated, calibrated, 

from .005 to 20 V /cm 

HORIZONTAL 
Sensitivity: .04 volts p -p /cm 
Response: ±3 dB dc to 800 kHz 
Expansion: 5 times 
Input impedance: 1 megohm 
Inputs: Internal time base. 60 Hz and external 
Time -base ranges: .05 sec /cm to 200 nsec /cm 

in 16 ranges 
Triggering: Sensitivity, 200 mV external; l/2 cm 

deflection internal. Inputs: line, external ac 
and dc. internal ac and dc 

Calibration voltage: 0.1 volt p -p, regulated ±5% 
Size: 14% x 101/4 x 15% 
Weight: 40 lb 
Tubes: 22 including flat -face 5 -in CRT 
Power: 110 -130 Vac. 50-60 Hz. 200 watts con- 

sumption; transformer primary tapped for 
adjustment to local line voltage 

Price: $249.95 kit, $349.95 wired END 
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RADIO- ELECTRONICS READER'S SERVICE 

Here's how you can get manufacturers' 
literature fast: 

1. Tear out the post card on the facing 
page. Clearly print or type your name 
and address. 

Include zip code! Manufacturers will 
not guarantee to fill your requests un- 
less your zip code is on the reader 
service card! 

2. Circle the number on the card that cor- 
responds to the number appearing at 
the bottom of the New Products, New 
Literature or Equipment Report in which 
you are interested. 
For literature on products advertised in 
this issue, circle the number on the card 
that corresponds to the number appear- 
ing at the bottom of the advertisement 
in which you are interested. Use the 
convenient index below to locate quick- 
ly a particular advertisement. 

3. Mail the card to us (no postage required 
in U.S.A.) 

Advertisements in this issue offering free 
literature (see the advertisements for prod- 
ucts being advertised): 

ALLIED RADIO CORP. (Pg. 77) Circle 113 

AMPEREX ELECTRONIC CORP. (Second cover) Circle 7 

ARCTURUS ELECTRONIC CORP. (Pg. 90) Circle 122 

BROOKS RADIO & TV CORP. (Pg. 86 -87) Circle 117 

CASTLE TV TUNER SERVICE (Pg. 74) Circle 107 

CLEVELAND INSTITUTE OF ELECTRONICS 

(Pg. 15) Circle 15 

CLEVELAND INSTITUTE OF ELECTRONICS 

(Pg. 18-21) Circle 18 

CORNELL ELECTRONICS CO. (Pg. 94) Circle 146 

DELTA PRODUCTS, INC. (Pg. 75) Circle 109 

DEVRY INSTITUTE OF TECHNOLOGY (Pg. 5) Circle 9 

EDMUND SCIENTIFIC CORP. (Pg. 93) Circle 144 

FINNEY CO. (Pg. 74) 

FINNEY CO. (Pg. 87) 

Circle 108 

Circle 118 

HEALD ENGINEERING COLLEGE (Pg. 89) Circle 121 

HEATH CO. (Pg. 21) Circle 23 

HICKOK ELECTRICAL INSTRUMENT CO. 

(Pg. 16) Circle 16 

INTERNATIONAL CRYSTAL MFG. CO., INC. 

(Pg. 96) Circle 148 
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HELP US COMPLETE THIS 

PROFILE OF OUR READERS! 

At the bottom of the Reader's Service 
Card, you'll find numbers from 1 through 
6. Read the following questions and then 
circle your answers on the Reader's Ser- 

vice Card. 

EQUIPMENT OWNED. 

1 CB equipment 

2 Tape Recorder 

3 Component hi -fi system 

4 Amateur Radio Station 

5 Test equipment 

6 Short -wave receiver 

INTERNATIONAL RADIO EXCHANGE (Pg. 26) Circle 22 

JENSEN MANUFACTURING CO. (Pg. 14) Circle 14 

MALLORY DISTRIBUTOR PRODUCTS CO. (DIV. OF 

P. R. MALLORY & CO., INC.) (Pg. 78) Circle 114 

MUSIC ASSOCIATED (Pg. 76) Circle 111 

OLSON ELECTRONICS, INC. (Pg. 76) Circle 110 

PERMOFLUX CORP. (Pg. 77) Circle 112 

POLY PAKS (Pg. 95) Circle 147 

QUIETROLE CO. (Pg. 89) Circle 119 

RADAR DEVICES (Pg. 1) Circle 8 

READING IMPROVEMENT PROGRAM (Pg. 89) Circle 120 

S & A ELECTRONICS, INC. (Pg. 84) Circle 115 

SAMS & CO., INC., HOWARD W. (Pg. 12) Circle 10 

SCHOBER ORGAN CORP., INC. (Pg. 73) Circle 106 

SCOTT, INC., H. H. (Pg. 26) Circle 100 

SENCORE (Pg. 23) Circle 20 

SENCORE (Pg 85) Circle 116 

SHURE BROS. (Third Cover) Circle 149 

SOLID STATE SALES (Pg. 93) Circle 145 

SPRAGUE PRODUCTS CO. (Pg. 25) Circle 21 

SURPLUS CENTER (Pg. 90) Circle 123 

WARREN ELECTRONIC COMPONENTS 

(Pg. 92) Circle 143 
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NEW PRODUCTS 
More information on new products is available free from the manufacturers of 
items identified by a Reader's Service number. Turn to the Reader's Service 
Card facing page 70 and circle the numbers of the new products on which you 
would like further information. Detach and mail the postage -paid card. 

TRANSISTOR PORTABLE 
PHONO, model GD -16. 4 speeds. Solid - 
state. 4 x 6 -in. speakers, 2 \V output. Ce- 
ramic cartridge. 45 -rpm adapter spindle. 
117 Vac. 14 x 7% x 20',: in. $39.95. -Heath 
Co. 

Circle 46 on reader's service card 

NEW VOM, Model 600. Solid- state. 
Battery -operated. FET dc amplifier for 
high input impedance (11 megs). 3% ac- 

curacy. Frequency range, 15 Hz to 2 MHz. 
3'ía x 5 %. x 6% in. $78.- Triplett 

Circle 47 on reader's service card 

8-TRACK STEREO CARTRIDGE 
PLAYER, model CTP -80 D. Inputs for 
phonograph, AM -FM tuner or tape re- 
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corder. No warmup necessary. Automa- 
tically switches to next track at program 
finish. Pushbutton switch for manual 
change. Volume, tone and balance con- 
trols; channel -selector light and pilot light. 
Hand-rubbed walnut cabinet with match- 
ing speaker; 2 hi -fi extended -range speak- 

ers. Tape hase measures 11 x 11 x 3% in.; 
speakers, 10% x 1034 x 711 in. $139.95. - 
Tele -Tone Co., Inc. 

Circle 48 on reader's service card 

SOLID -STATE PRIVATE TONE 
CALLER. Priva -Coin 111, No. 99 -3117; 
Priva-Com /V, No. 99 -3123; Priva -Corn 

INTRODUCING THE NEW 

,99i%'1cl!'/G 

(ViteQhG (%'tg_""- 

Build it yourself and 
save over 50% 

The only Theatre Organ available in kit form -for only $1350. 
You've asked for it and here it is - the NI.1% 
Schober THEATRE ORGAN that you as- 
semble yourself. For the first time in kit form, 
a real Theatre Organ with that rich. full, old 
time theatre pipe organ sound. You create 
the organ, then you create the music! 

For years you've been able to buy organs in 
kit form from Schober: The Recital (fully 
AGO), the Consolettc iI (the best spinet 
organ available today) and the Spinet (for the 
most music at the lowest price). Now to join 
them, we present the Schober Theatre Organ. 

The Schober Theatre Organ has the same 
quality features found on all Schober Organs. 
and in addition ... special voicing, curved 
console design, two 61 -note keyboards, 2- 
octave radiating pedal clavier, 8 octaves of 
tone distributed over 5 pitch registers (includ- 
ing a 1 -foot register!), 35 speaking organ 
stops, 8 realistic percussion stops, 4 couplers, 
and vibrato tablet -48 tablets in all. And all 
at a truly remarkable low price ... you save 
over $1,500 (well over 50 %l from comparable 
theatre organs. 

Easy Step -By -Step instructions. 
You'll enjoy assembling this authentic and 

versatile instrument from transistor and mini- 
ature components too. Just follow easy step - 
by -step instructions written in everyday Ian - 
guage which anyone can understand. You'll 
have an unequaled pride when you're finished 
that only can come from assembling it yourself. 

And you'll have an organ you can learn to 
play easily and quickly -just follow one of the 
self teaching courses available from us. 

The Theatre Organ price starts at $1,350, 
depending on the options you select. This 
price includes a beautiful walnut console 
(other woods available) or you can save an 
additional amount by building your own from 
plans available from us. Options available 
include combination action, genuine reverber- 
ation, percussion, and amplifiers and speakers. 

THE ,9Qeholfie4 I2 CORPORATION 

A COMPLETE THEATRE ORGAN! 
All you do is have the fun of assembling 

it from kits and detailed, step -by -step 
instructions. 

Includes console, keyboards, bench, ped- 
als, electronics- everything you need ex- 
cept amplifier and speaker system, which 
are extra -or use your own. Percussions, 
combination action, and reverberation are 
options. 

Features fully transistorized electronics, 
regulated power supplies, all printed cir- 
cuit construction and gold switch contacts. 

Combination Action Ten buttons select 
preset combinations of stops -actually 
move the stop tablets as in fine pipe organs 
-to give instant total changes of tonal 
effects. You can alter the preset combina- 
tions any time you like. Action is brand 
new electro- pneumatic type - silent, de- 
pendable. 

Percussion Eight percussion stops pro- 
vide exciting realism. Celesta, harpsichord, 
piano, mandolin, xylophone, chrysoglott, 
orchestral bells, single or reiterating, are 
played just like the real thing -and sound 
that way - alone or along with regular 
organ stops. 

Uncompromising Organ Quality 
from Easy -to- Assemble Kits 

Free Information. Send today for your free 
copy of Schober's I6 -page full -color booklet - 
plus free 7" recording -with full information 
on all Schober Organs, priced from $550. 

rThe Schober Organ Corp., Dept. R,r -SO 
43 West 61st St., New York, N. Y. 10023 

Please send me Schober Organ Catalog and 
Pere 7 -inch "sample" record. 
Enclosed please find $2.00 for 12 -inch qual- 
ity l P record of Schober Organ music. 
(S22.00 refunded with purchase of first kit.) 

Name 

Address 

43 West 61st Street, New York, N.Y. 10023 t, City State Zip No 

Circle 106 on reader's service ccrdl 
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rSimply send us the defective tuner complete; include tub,' 
shield cover and any damaged parts with model numb, 
and complaint. Your tuner will be expertly overhauled and 
returned promptly, performance restored, aligned to original 
standards and warranted for 90 days. 
UV combination tuner must be sirgle chassis type: dismantle 
tandem UHF and VHF tuners and send in the defective unit 
only. 
Exact Replacements are available for tuners unfit for over. 
haul. As low as $12.95 exchange. (Replacements are new or 
rebuilt.) 
And remember -for over a decade Castle has been the leader 
in this specialized field . you assurance of the best in 
TV tuner overhauling. 

COMPLETE TUNER 

OVERHAUL 

1.4 

4,4 95 

t ALL LABOR 
AND PARTS 

(EXCEPT TUBES 
& TRANSISTORS) 

w/ 
41 

COIn 

tc, 
s-r reuaana 

COLOR TUNERS 
GUARANTIED COLON 

ALLIANEN) - NO 

ADDITIONAL CAME 

CASTLE 
TV TUNER SERVICE, INC. 
5715 N. Western Ave., Chicago 45, Illinois 
4196 Vernon Blvd., Long Island City 1, N. Y. 

For service in Canada write to Chicago or use 
reader service card in this magazine. 
Major parts are charged extra in Canada. 

7rcic 107 on reader's .service card 

FROM 

IIVGO 
Model 65.3 VHF -TV ANTENNA AMPLIFIER 
improves reception of WEAK VHF -TV signals 
in FRINGE AREAS even where strong local 
TV or FM signals are present., AMPLIFIES 
UP TO 7 TIMES for Better Color and B/W 

A two- transis- 
tor- amplifier. 
Engineered to 
provide the 
lowest noise 
and highest 
amplification 
with the most 
desirable over- 
load charac- 
teristics. 
Amplifier used 
in conjunction 
with dual out- 
let power sup- 
ply for one, 
two, or multi- 
ple set instal- 
lations. 117 V 
60 cycle input. 
AC power up 
to amplifier: 24 
volts -60 cycle. 

Let Finco solve your Color and B & W 
reception problems. Write for complete 
information, schematics and specifications. 
Form #20-357. 

Model i5-3 VHFTY AMTDINA AMPLIFIER 

THE FINNEY COMPANY 
West Interstate St. Bedford, Ohio 44146 Dept. RE 

Circle IDS on reader's Act-rice card 

NEW PRODUCTS continued 

V, No. 44 -0149. Uses resonant and ceram- 
ic tuning forks. 9 transistors, 2 diodes. 
17 /Q x 4 x 5% in. $34.95- Lafayette 

Circle 49 on reader's service card 

SOLID -STATE POWER SUPPLY, 
Knight -Kit KG -663. O-40 Vdc. 0 -1.5A. 
Short -circuit protection. Input 110 -130V, 
50-60 Hz, 20W. Output regulation, less 
than 60 mV at full rated load. Line regu- 
lation, under 0,3V. Ripple, under 0.6 mV 
rms. 6 transistors, 11 diodes. Kit, $99.95; 
assembled, $149.- Allied Radio Corp. 

Circle SO on reader's service card 

ECCEN TOOL. Based on principle 
of eccentric drive. One -hand operation. 
Available with ,tá -in. square drive or with 
high -speed tool -steel deburr and counter- 
sink heads. Sockets for square drive avail- 
able.- Techni -Tool, Inc. 

Circle 51 on reader's service card 

CRT ANALYZER /REJUVENATOR, 
model CR -35. Continuously variable heat- 
er voltage, 0-13 Vac at 2A. Continuously 

74 

variable control and screen grid voltage, 
+0-300 Vdc, -0-100 Vdc, 2% accuracy. 
1 unijunction transistor, 3 silicon diodes, 
one SCR. 10% x 10Mí x 5i in., 9 lb. $99.95. - 
Hickok 

Circle 52 on reader's service card 

CB TRANSCEIVER AND COM- 
MUNICATION RECEIVER, HQ -205. 6 
CB channels, 5W. Receives 540 kHz to 30 
MHz. Electrical bandspread for ham 
bands. Variable bfo for CW or SSB re- 
ception. Variable- bandwidth Q multiplier. 
Calibrated S- meter. $259.50.- Hammar- 
lund 

Circle 53 on reader's service card 

CAR -DOOR SPEAKER, C.5FC. 5.5- 
oz barium ferrite magnet. Moisture -re- 
sistant cone. Less than 2 in. deep. Im- 
pedance, 8 ohms. Handles 10W of 
program material. -Utah Electronics 

Circle 54 on reader's service card 

CIRCUIT -BREAKER KIT. For TV 
sets. Exact replacements. Tab- mounted. 
Noncycling reset action. Cross- referenced. 
$9.95. -Mallory 

Circle 55 on reader's service card 
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DEGAUSSING SWITCH. Automa- 
tic. 1% x Ñ x ',í in. Phenolic hase. 4 cad- 
mium-plated terminals. -Littelfuse 

Circle 56 on reader's service card 

SWEEP GENERATOR AND 
MARKER ADDER, model E-4/0C. 5 
bands, 3 -216 MHz on fundamentals; 400- 
1,080 MHz on 5th harmonic. Continuous- 
ly variable sweep width. Internal blanking 
and age. 13 x 8!í x 7 in. $169.95.- Preci- 
sion Apparatus Div., Dynascan 

Circle 57 on reader's service card 

SOLDERING -DESOLDERING 
IRON, Uniline Mark VII. 3- conductor 
cord, NEMA plug. Pneumatic suction for 
desoldering. 20, 30, 40, 50W sizes; 33 tip 
configurations. $39.50.- Vanguard Elec- 
tronic Tools, Inc. 

Circle 58 on reader's service card 

VTVM, model 235. Ac /dc Uni -Probe. 
6 -in. meter. Frequency response, 30 Hz-3 
MHz. 11 -meg input. 1% multipliers, 3% 
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Why settle for less? Buy the Best! 
THE FABULOUS 

MARK lEN 
CAPACITIVE DISCHARGE 

IGNITION SYSTEM 

Available in 
easy -to -build 
kit form 
at only 

$2995., 

Dramatically improve the performance of 

your car - or any vehicle. Racers and 

Pacers from Sebring to Suburbia by the 

thousands attest to the peerless perform- 

ance of the Mark Ten. Delta's remarkable 

electronic achievement, proven for four 

years. is often copied, never excelled. 

Ready for these? 

Dramatic increase in acceleration 
Longer point and plug life 
Improved gasoline mileage 

Complete combustion 
Smoother performance 

Ready? Order today! 

r 

BE YOUR OWN MECHANIC 
Tune -up 

DWELL METER $12-95 ppd. 
A universal precision instru- 
ment for use in tuning all 
vehicles, regardless of the 
number of cylinders or bat- 
tery polarity. Gives correct 
point dwell readings on ve- 
hicles equipped with capaci- 
tive discharge, transistor or 
conventional ignition. Preci- 
sion accuracy at low cost. 

Tune -up 

Portable, high- impact case for 
rugged work 

Large, easy -to -read 31/2 inch 
precision jeweled meter 

Wide scale - reads dwell angles 
in degrees 

All solid state 

TACHOMETER 
A universal precision instru- 
ment for making carburetor 
adjustments on all vehicles. 
regardless of the number of 
cylinders or battery polarity. 
Gives precise RPM readings 
on vehicles equipped with 
capacitive discharge, tran- 
sistor or conventional igni- 
tion. Gives you better gas 
mileage, fuel savings and 
peak engine operation. 

$14.95 ppd. 

Large, easy -to -read 312 inch 

precision jeweled meter 

Portable, high- impact case for 
rugged work 

Range: 0 to 1200 RPM 

All solid state 

DELTA PRODUCTS, INC. 
DELTA 

Please send: 

P.O. BOX 1147 RE GRAND JUNCTION, COLORADO 81501 

Enclosed is $ Ship prepaid. Ship C.O.D. 
Dwell Meters ' $12.95 Mark Tens (Assembled) (d, $44.95 
Tach Meters (d- $14.95 Mark Tens (Delta Kit) ra $29.95 

(12 volt positive or negative ground only) 
Specify - Positive Ground Negative Ground 6 or 12 volt 
Car Year Make 

Name 

Address 

City State Zip 

L J 
Circle 109 on reader's service card 
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Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name 
Speakers, Changers, Tubes, Tools, Stereo 
Amps, Tuners, CB, Hi-fi's, and thousands 
of other Electronic Values. Credit plan 
available. 
NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE sub 

Lscription also. 

OLSON ELECTRONICS, INC. 

590 S. Forge Street Akron, Ohio 44308 

Circle 110 on reader's service card 

Enjoy the "music- only" programs 

noce available oa the FM broadcast 

band from coast to coast. 

NO COMMERCIALS 
NO INTERRUPTIONS 

Its easy! Just plug Music Associated's Sub 
harrier Detector into multiplex jack of your 

M tuner or easily wire into discriminator. Tune 
through your FM dial and hear programs of 
ontinuous commercial-free music you are now 

,'I ssmg. The Detector, self- powered arid with 
e ectronic mute for quieting between selections. 

; erunts reception of popular background music 
rograms no longer sent by wire but transmitted 

:,s hidden programs on the FM broadcast band 
',urn coast to coast. Use with any FM tuner. Size: 

x 9 ". Shipping weight approx. 7 tbs. 

KIT 

,r:ith pre tuned coils, no alignment necessary) 

WIRED $7500 (veres extra 
$4Co95 a.) 

Current list of FM Broadcast stations 
I with SCA authorization $1.00 

MUSIC ASSOCIATED 
65 Glenwood Road, Upper Montclair, N. J. 

Phone: (401)- 744.3387 07043 

C /c I I Ioil rcu,lrr'% .Ncrrv,r i,rrtl 

NEW PRODUCTS continued 

accuracy. 8 do ranges, 7 ac peak -to -peak 
ranges. One zero -center adjustment for 
all function. and ranges. Transformer 
power supply. Ceramic switches. 875 x 

x 5 iii., 9 11).-EICO Electronic Instru- 
ment Co., Inc. 

Circle 59 on reader's service card 

1'1 I I' \ \TENN.AS, Colar Laser se- 
l.l'1 Onutipolarized disc -on -rod 
tar System. Zoned trapezoid director. 

II I) I' Icctronics Co. 
!r 60 on reader's service card 

CB TRANSCEIVER, Regency Rang- 
, r. Specially protected for boating use. 11 

r hannels. All- transistor. Epoxy -glass cir- 

76 

cuit board. Includes Collins mechanical 
filter. 12 Vdc. 120V 80-Iiz supph ;tx;lila- 
ble for base operation. 21 x 6 s 71::11: in. 
.$175.- Regency Electronics, Inc. 

Circle 61 on readers service curd 

FM STEREO RECEIVER, model 
ADC -(i06. Solid- state. i5\V per channel. 
Separation. :35 (I0 at 400 Ilz. Input sensi- 
tivity, :2 niV. 9 c 17 x 5 in.- SingerProd- 
aets -CD.; wc. ff L, 9 f o 1319//r,. 1 t f 

Circle 62 on reader's service card 

VIDEO CAMERA. model CC -6007. 
Solid- state. 1- in.vidicon tube. Includes 
25 -mm f/1.9 lens. $399.95. -Ampex 

Circle 63 on reader's service card 

MINIATURE TOOL KIT. Standard 
and deep socket.. ,, to :In in.. .ingle hex. 
Clean -room kit nickel -plated with I)elrin 
handles, includes stainless -steel tool -hold- 
ing screen.- Snap -on Tools Corp. 

Circle 64 on reader's service card 

POWER RHEOSTAT POTENTI- 
OMETERS, style 11P, for industrial elec- 
tronic applications. All certluil constroc- 

RADIO -ELECTRONIC S 
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tion; vitreous enamel bonded; self- lubri- 
cating shoe. Compact design and high 
resolution action. Resistance values to 
5,000 and 10,000 ohms for 25- and 50 -W 

sizes, respectively. Directly interchangea- 
ble with those of major manufacturers. 
Standard tolerance is ±107; functional 
output is linear. -Ward Leonard Electric 
Co. 

Circle 65 on readers service card 

CASSETTE TAPE RECORDER, 
model TC -WO. Sonymatic automatic vol- 
ume control for recording. Uses 4 C- cells. 
Built -in ac converter. Includes cardioid 
microphone, leather case, 60 -min tape 
cassette. -Superscope, Inc. 

Circle 66 on reader's service card 

WIRE \LARKING KIT, Porta -Pack. 
10 cards per kit, 45 markers per card. Pro- 
vision for marking wire under :yea -in. OD. 
Conforms to IPCEA -NE \IA identification 
standards. $2.50. -W. II. Brady Co. 

Circle 67 on reader's service card 
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CB BEAM KITS, models SKT -3, 
SKT -4, SKT -5. Each includes 2 beams, 
stacking harness, guy rope, boom, hard- 
ware, assembly instructions. -Mosley 
Electronics, Inc. 

Circle 68 on reader's service card 

CB TRANSCEIVER /PA SYSTEM, 
model CG -21. Solid- state, 5W, 17- transis- 
tor, 8- channel transceiver. Concentric vol- 
ume, squelch controls. Illuminated chan- 
nel selector. Dual- conversion recdver. 
image rejection 36 dB. 21 ¡6 x 6 x 8 in., 
about 5% lb. $139.95.- Ilallicrafters 

Circle 69 on reader's service card 

CARTRIDGE TAPE RECORDER, 
model MS300. Solid- state. Snap -in load- 
ing. Portable. Includes jacks for earphone, 
microphone, ac.power, foot -pedal switch. 
2% -in. speaker. 11e x 47N x 2% in. Weight 
without batteries, 3% lb. $69.95.- General 
Electric END 

Circle 70 on reader's service card 

%7 (_ 

PERMOFLUX 
ANNOUNCES A BRAND 
NEW HEADPHONE . 
the "HM" SERIES 
The entire audible spectrum, from the 
resounding bass smoothly thru the soothing 
middle ranges to the clear tingling highs, 
is awaiting you in the miniature 
earspeakers, as these headphones 
comfortably engulf your ears. 
Feather -lite in weight, fully adjustable, 
the superior Permoflux quality is 
now available at popular prices. A 
wide selection of impedances. 

All ear speakers are 
fully tcarranteed for life. 

STANDARD OF TIIE WORLD P r,noFlurc Corp. 
P Box 6364, Dept. RE 7 
GLL\DALE, CALIFORNIA 

Circle l 12 cm reader's service card 

Build 

AUTO ANALYZER 
_. SAVE! 

It's FUN! 
It's EASY! knight -kit' 

FROM 

ALLIED RADIO 
Headquarters for Everything in Electronics 

Save double on this 
famous Knight -Kit 
Auto Analyzer. Build 
it yourself and save 
factory assembly 
costs. Then use it for 
tuneupsand trouble- 
shooting to hold 
down car upkeep. 

Write for special 
introductory offer. 

No Money Down 
$5 Monthly 

SetEngineldle -Auto 
Trans. Shift Points 

CHECK: 

Distributor wear 

Dwell angle 
Voltage regulator 
Condensers 
Point surfaces 
Coil resistance 
Ground circuits 
Alternator diodes 

Engine timing 
Spark output 
and much more 

ALLIED RAD /D 
Dept. 2G, P.O. Box 4398, Chicago, III. 60680 

Circle 113 on reader's service card 77 
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WHAT'S YOUR EQ? 
Conducted by E. D. Clark 

Lamp Switching 
I wanted a circuit using lamps, di- 

odes and a single -pole 5- position switch 
to turn on various combinations of 5 

lamps as follows (I) lamps I and 3, (2) 

lamps 2 and 3. (3) lamps 3 and 5, (4) 
lamps 3 and 4, (5) lamps 5 and I. 

I built the circuit shown. but when 
I turned it on. strange things happened. 
What happened and what must he done 
to correct the circuit ? -Herschel P. Hall 

LIFE INSURANCE 
ISSUED BY MAIL KEEP IT FOR LIFE 

MAIL THIS AD NO OBLIGATION 

APPLICATION MAILED TO YOU 

$5000 ENTRY AGES 21 to 10 .$2000 ENTRY AGES 21 to 80 
Whole Life Policy Days world-wide for death from any cause. 
any time. eaceot during first policy year for either suicide 
or death from undisclosed oreexisting health conditions. 
Mail your name. address. tits code, year of birth and ad to 
Great I ayes Insurance Co. F lean. Ill. 60:20 Dept. GD12516 

Two puzzlers for the student, theoretician 
and practical mon. Simple? Double -check your 
answers before you s.:yr you've solved them. If 
you have an interesting or unusual puzzle (with 
an answer) send it to us. We will pay 510 for 
each one accepted. We're especially interested in 
service stinkers or engineering stompers on ac- 
tual electronic equipment. We get so many let- 
ters we can't answer individual ones, but we'll 
print the more interesting solutions -ones the 
original authors never thought of. 

Write EQ Editor, Radio - Electronics, 154 West 
14th Street, New York, N. Y. 10011. 

Answers to this month's puzzles are 
on page 89. 

Black -Box 
Voltage Doubler 

What can he the simplest circuit in- 
side the box to double the voltage as 

ó 
6V BATT 

o--- 

,1 

VTVM 

o q 

shown? The box does not contain a bat- 
tery, coil or moving part. 

-C. S. S. Slienoi 

A Mixer -Amplifier is useful in PA, recording, 

and broadcast remote jobs. A solid -state 

model you can build easily is featured in the 

Auaust issue of RADIO -ELECTRCNICS 

Low -drain 
Solid -state tone signal 

needs no amplifier 
The Sonalert` Signal makes it a cinch to rig 
all sorts of alarm circuits for the home, shop, 
auto or boat. Works with just about any 
triggering device, operates on 6-28 VDC, 
draws only 3-14 ma. 110 -volt AC model 
draws only as much current as a neon 
pilot lamp. 
It's completely solid- state. No arcing con- 
tacts, no RF noise. Highest reliability. Tone 
output is either 2800 or 4500 Hz, at 68 
to 80 db. 

Ask your Mallory Distributor for booklet of 
ideas, circuits, projects. Mallory Distributor 
Products Company, a division of P. R. 
Mallory &Co. Inc., Indianapolis, Ind. 46206. 

MALLORY 
Circle 114 on reader's service card 
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NEW 
LITERATURE 
All booklel.x, t alalogs, charts, data 
sheets and other literature listed here 
are free for the asking with a Reader's 
Service number. Turn to the Reader's 
Service Card facing page 70 and 
circle the numbers of the items you 
want. Then detach and mail the card. 
No postage required! 

TEST INSTRUMENT BROCHURE, Bulletin 
No. 338. 4 pages. Describes and illustrates 6 test 
instruments: the CGIO and CG138 Lo-Boy stan- 
dard color -bar generators. the AIXI1 Channelizer 
FM- stereo multiplex generator. the TRIP) in- circuit 
transistor tester. the .SMII 2B .Service Master vtvm! 
vom, and the Á1U140 Continental mutual- conduct- 
ance tube tester.- Sencore, Inc. 

Circle 71 on reader's service card 

1967 KIT CATALOG. Illustrated, 36 pp. In- 
cludes test instruments, hi -ti, CB, lab equipment. - 
EICO 

Circle 72 on reader's .service card 

PLASTIC POWER TRANSISTOR DATA. 
Engineering data shear B -5000. 7 -page pamphlet. 
Schematics. Includes mounting techniques, per- 
formance specs, applications.- Bendis Semicon- 
ductor Div. 

Circle 73 on reader's service card 

SOLDERING GUN CATALOG. Illustrated, 
4 pp. Includes description of kit models 222 K -5 
and 450 K -4. -Wen 

Circle 74 on reader's service card 

SEMICONDUCTOR CATALOG, condensed. 
Specs. references on transistors, diodes, audio 
amplifier assemblies. integrated circuits, heat sinks, 
audio kits. -Amperes 

Circle 75 on reader's .service card 

Write direct to the manufacturer for in- 
formation on the item listed belote: 

INDUSTRIAL AND POWER TUBE GUIDE. 
0- 9234. 32 pp. Contains specs. base diagrams. elec- 
trical characteristics and interchangeability listing 
for 740 tube types in 19 categories. $.50-Westing- 
house Electric Corp., Gateway 3, 19N, Pittsburgh, 
l'a. END 

"If it gives you any more trouble: 
Don't call me; I'll call ,you." 
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Do\vn With Knob Twisting 
By FRANK HADRICK AND CARL MICHELOTTI* 

ZENITH 1967 COLOR -TV RECEIVERS USE 
an automatic fine -tuning system. The 
picture and sound remain tuned in cor- 
rectly in spite of signal drift or fine -tun- 
ing misadjustment. 

The two basic units in the automat- 
ic frequency- correction system are the 
error sensor and the control device. 

The error sensor is a transistor dis- 
criminator (Fig. 1). The 45.75 -MHz 
picture -i.f. signal is coupled from the 
plate of the third i.f. stage through a 
1 -meg 1/4-watt resistor to discriminator 
input coil L. This coil is tuned slightly 
higher than 45.75 -MHz (approximately 
46.1 MHz) to compensate for the slope 
in i.f. response. 

Thus, frequency deviations applied 
to the base of the transistor are approxi- 
mately constant in amplitude. The pic - 
ture-i.f. carrier is coupled through ca- 
pacitive divider network C1 C2 to pro- 
vide the proper operating signal level. 

The transistor (a silicon planar 
epitaxial device) operates common - 
emitter, and provides more than 20 dB 
of power gain (voltage gain of 10). The 

Zenith Radio Corp. 

transistor collector is then coupled 
through a tap to the primary winding of 
the discriminator transformer. 

The transformer primary and sec- 
ondary are coupled by both inductive 
(phsical spacing between two coils) 
and capacitive (two 10 -pF capacitors) 
means. These two coupling methods 
provide the in -phase and out -of -phase 
components generally associated with 
discriminator design. The matched di- 
odes and their load resistors are appro- 
priately coupled to the secondary; fil- 
tered dc control voltage is then available 
at point A in Fig. 1. The 1 -µF elec- 
trolytic provides low- frequency decou- 
pling, removing video information from 
the picture carrier. It also provides a 
sufficiently long time constant to pre- 
vent accidental lock -in. 

The diode detector employs an un- 
usual dc biasing method. Referring to 
Fig. 1, note the following: (1) Diodes 
DI and D2 are reverse- and forward - 
biased respectively (in no- signal opera- 
tion). (2) Approximately 3 volts is de- 
veloped at the test point. This voltage 
(1 to 8 volts) is used to supply reverse 

FROM 
3rd IF 
STAGE 

IMEG 

INPUT 

IK 

10K 

ICt? ( l 
= 220pF .002 

6.8 pFr 
REVERSE BIAS 

4-AFC 

a 
O 

a 
1 g 
i o 
P 

DI 

vvoott 

3V APPROX 
(NO SIG) 

10K 

.001 

I IÓ pF ai 

DISCR 
TRANS 

i 001 

1K 

FORWARD 

) 

39K/2W 

250V FROM 

ON -OFF 

D2 
BIAS 

8.2 MEG 

.00 I 

22011 

) 

\AFC 

TV CHASSIS 

TEST 
POINT 

`J 
OUTPUT 

Fig. 1 -This solid -state discriminator uses both forward and reverse bias on the diodes. 

POSITIVE CORRECTION VOLTAGE 

CREATES 
UNDESIRABLE 
PUSH -PULL 
ACTION 

41.25 45.75 
MHz , 1 - MHz 

CREATES 
DESIRABLE 
PUSH -PUSH 

FRED ACTION ^ -r 
NEGATIVE (LESS POSITIVE ) 
CORRECTION VOLTAGE 

Fig. 2- Discriminator response curves. 
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bias for the varactors in the vhf and uhf 
tuners, and depends on frequency error 
and channel used. It should never be 
negative. 

The biasing of D1 and D2 provides 
the frequency characteristic shown in 
Fig. 2. Normally, a typical discriminator 
curve would follow the dotted line. 
However, this can be undesirable since it 
would produce a push -pull effect be- 
tween the sound i.f. (41.25 MHz) or 
color i.f. (42.17 MHz) and the picture 
i.f. (45.75 MHz) if the oscillator is de- 
tuned to a higher frequency. The sound 
i.f. would move tip the curve, tending to 
produce a more positive correction 
voltage: the picture i.f. would move 
down the curve, tending to produce a 
less positive correction voltage and re- 
sulting in poor operation. 

However, with the small negative 
response, and under the same detuned 
condition, both carriers will ride down 
in amplitude and will aid. as in push - 
push action. in developing the necessary 
lower correction voltage. Thus. the do 
biasing method discussed earlier pro- 
vides: (1) A dc operating point for the 
varactor. about which the control volt- 
age is developed, and (2) a means of 
preventing accidental lock -in on the 
sound or color i.f. carrier. 

The range of correction voltage is 
from approximately I to 8 volts with a 
varactor capacitance change from 15 to 
6 pF: respectively. (The frequency -con- 
trol varactors are shown in Fig. 3.) The 
frequency pull -in range (to within 50 
kHz) is approximately 150 kHz for 
channels 2 through 6, 300 kHz for chan- 
nels 7 through 13, and 400 -500 kHz for 
channels 14 through 83. The hold -in 
range is considerably greater. 

Complete alignment instructions 
are provided in Zenith Service Manual 
CM -110. 

Essentially, the discriminator trans- 
former primary winding is adjusted for 
maximum response at 45.0 MHz, and 
the secondary winding for correct loca- 
tion of the 45.75 -MHz signal (crossover 
point on the 3 -volt bias line). The input 
coil is adjusted for maximum response 
at approximately 46.1 MHz. END 

I/26GJ7 
VHF OSC 

UHF OSC 7.2pF OSC COIL 

Fig. 3 -Each local oscillator has a variable- capacitance diode across its tank circuit. 
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Verifying Amplifier Performance 
A rundown of what to measure, equipment to use, and how to perform the tests 

By PETER E. SUTHEIM 

YOU CAN HEAR SOMETHING WRONG 

with an amplifier. It's fuzzy, maybe, or 
cymbal crashes don't have that clean 
crescendo they should. You can't quite 
tell what's wrong, but the amplifier just 
doesn't sound right. How do you deter- 
mine what's happening? By measuring 
what the amplifier does to clean test 
signals. (In deference to audio engi- 
neers, who are often graying by 30, I 
have to say that measurements can't al- 
ways be correlated with what we hear.) 

What are the most important 
things to find out about an amplifier? 
First, a check of distortion at maximum 
power at various frequencies may tell 
you all you need to know about an am- 
plifier for a specific purpose. A mere 
frequency- response check at a low 
power level indicates nothing that can't 
be learned better from a high -power 
measurement. 

You may also want to know some- 
thing about noise -specifically, hiss and 
hum. Stability is important, too. Does 
the amplifier have any tendency to ring 
or oscillate with certain kinds of loads? 
Does the cone of the speaker it's con- 
nected to seem to "breathe" or pulsate 
now and then -regularly, or for no ap- 
parent reason, or after a heavy tran- 
sient? 

Gain measurements as such are us- 
ually important only in voltage amplifi- 
ers, such as preamps, mixers or control 
centers. In a power amplifier or an in- 
tegrated amplifier (amp /preamp com- 
bination), power output is usually most 
important. If you get the expected 
power, you can then measure the input 

voltage to see if amplifier sensitivity is 
normal. 

In a stereo or other multichannel 
amplifier you may want to check separa- 
tion, and also determine if the amplifier 
still meets its specs when both channels 
are driven to full power simultaneously. 

What equipment? 
The three almost indispensable 

items are (1) a variable -frequency 
audio oscillator (or generator) with 
reasonably low distortion, hum and 
other noise: (2) a load resistor that 
matches one of the nominal output im- 
pedances of the amplifier, and (3) an ac 
voltmeter. Nearly as important as those 
three instruments is some sort of oscillo- 
scope. 

The generator should cover 20 to 
20,000 Hz, at least. Frequency calibra- 
tion is not too important. 10% accuracy 
is good enough, 5% excellent. What is 

10:1 

(20d8) 
100:1 
(4odB) 

1000:1 
(60d81 f 

CONNECT 
METER 
HERE 

RI 

RI 8.2 K 100K 100K 

) R2 R2 IK IK 10011 

Fig. 1 -If the lowest range on your ac 
meter is 1 or 1.5 volts, you can use a 
fixed voltage divider at the generator 
output. Ordinary 10% resistors will do- 
the error will be in the vicinity of only 1 dB. 
For higher accuracy, choose 1% resistors 
in ratios of 9:1, 99:1 and 999:1. The divid- 
ers should be enclosed in grounded shield 
cans to avoid stray hum and noise pickup. 

Fig. 2 -For power amplifiers, load resistor must be capable of dissipating full power. 
For voltage amplifiers, load can be a 1/2-watt resistor of 100K, with .001 AF in parallel. 

more important is the distortion content 
of the signal. It should be 1% or less 
(total noise, hum and harmonics) for 
general audio work, and well under 
0.5% for critical work with high -quality 
amplifiers. 

Another characteristic the genera- 
tor should have is flatness. which means 
the output should be constant over the 
audio -frequency range. Here, 1 dB is 

good enough, but for more critical work 
it should be nearer 0.1 dB. 

If the generator's output is nonuni- 
form, you will have to monitor its output 
with a reasonably flat meter. Many gen- 
erators have output meters. By the way, 
audio purists call the instrument an 
oscillator unless it includes an output 
voltmeter, in which case it's known as a 
generator. 

Finally, the output impedance 
should be low enough not to be seriously 
loaded by the input impedance of the 
circuits you expect to test. Usually, an 
output impedance of 10,000 ohms or less 
is satisfactory unless you plan to work 
with professional equipment that has 
600 -ohm balanced inputs. In that case it 
may be worth your while to acquire a 
high -grade audio generator. which, in 
addition to its other attributes. will work 
into 600 -ohm balanced inputs. Another 
solution is to put together a matching 
assembly to convert the 10.000 -ohm un- 
balanced output to 600 ohms balanced. 
You can buy a high- quality well - 
shielded matching transformer for about 
$10 -15. 

You hear a lot about noninductive 
load resistors for audio work. Forget it. 
The inductance of an 8 -ohm 50 -watt 
wirewound resistor is around 10 p.H, 
which amounts to a reactance of about 
1 ohm at 15,000 Hz. The total impedance 
across the amplifier's output terminals is 
then about 8.06 ohms instead of 8. That's 
less than a 1% increase. 

Since almost every amplifier has an 
8 -ohm output tap, 8 ohms is the best 
choice for a load resistor. The only hitch 
is that 8 ohms is not a standard value in 
many lines of power resistors. But 4 
ohms is. The resistor should be rated at 
50 watts, but 100 is better. For occa- 
sional work you can lay it on the bench 
(on a small piece of asbestos or fiber- 
glass. or aluminum) and connect to it 
with clip leads. If you measure amplifi- 
ers often, you will want to mount the 
thing on a board or a little aluminum 
chassis. 

For 600 -ohm outputs, you will of 
course want a 600 -ohm resistor. Usually, 
power levels at that impedance are 
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small, so a 10 -watt rating should do. The 
tolerance of many conventional wire - 
wound power resistors is 5% -fine for 
this application. 

Your indicating device should be 
some kind of vtvm. A good vom is okay 
for measuring substantial powers at low 
impedances, but its impedance is too 
low on its lower ranges to be useful. It 
may load down the circuit under test 
and give misleading readings. The typi- 
cal shop vom, for instance. is rated at 
5,000 ohms /vult on ac. On the 1.5 -volt 
(0 dBm) range, input impedance is 
therefore 7,500 ohms. Such a meter 
won't give an accurate reading on a cir- 
cuit with more than about 750 ohms 
impedance. Cheap vom's often have in- 
accurate or highly un -flat ac voltage 
ranges. They are reliable only for meas- 
uring at 60 Hz, the frequency at which 
they are calibrated. 

Your ordinary bench vtvm can do 
a good job. since its frequency response 
is usually flat throughout the audio band, 
and its input impedance is usually 1 meg 
on the ac ranges. The principal difficulty 
is that its lowest ac range is usually 1.5 
volts rms full scale, which means that 
readings below 0.5 or 1 volt are dubious. 
Whether this is a serious objection de- 
pends on what kind of work you will do. 

If you expect to have to measure 
preamplifier gain and frequency re- 
sponse. you may find the "blindness" of 
not having a sensitive enough instrument 
a real handicap. (Fig. 1 shows a way 
around the problem which may not al- 
ways be convenient.) 

Certainly the best instrument for 
general audio measurement is the ac 
vtvm, sometimes called the audio milli - 
voltmeter or amplifier- rectifier meter. 
The cheapest of these. more than satis- 
factory for this work. can he bought as 
kits for around $50. For about the same 
cost, you can build the excellent all - 
transistor unit described in the March 
1966 RADIO-ELECTRONICS. That one is 
battery -powered, so there are fewer 
problems with hum and ac leakage cur- 
rents. 

Most meters of this kind (including 
the R -E instrument) have a low range of 
10 or even 3 mV full scale, and thus can 
read the output of many microphones 
and pickups directly. They are also in- 
dispensable for accurate noise measure- 
ments. Most recent models have an input 
impedance of 10 megs with very little 
shunt capacitance, and so have very lit- 
tle loading effect on almost any sort of 
circuit you're likely to run across. 

Still another advantage: Scales are 
calibrated directly in dB as well as in 
volts, and the ranges are set up as steps 
of 10 dB. That greatly simplifies relative 
and comparative measurements like 
gain or noise. When used across a 600 - 
ohm line, such voltmeters read direct- 
ly in dBm (decibels relative to 1 mW). 

JULY 1967 

You should have a scope. It need 
not be a fancy one. Response from dc to 
5 MHz is nice but not necessary. A $50 
or $60 kit scope with a 3 -inch CRT and 
response from 20 to 200.000 Hz within 
3 dB is fine for general audio checking. 
If you're already in the servicing busi- 
ness, the scope you have is sure to do 
reasonably well. 

Now let's measure something. 

Power and distortion 
Hook up your equipment to the 

amplifier under test as shown in Fig. 
Note that the amplifier is a "black box" 
in the drawing -it can be any kind of 
power amplifier or amp /preamp com- 
bination. Set the audio oscillator to pro- 
duce 1 kHz at a level that is adjustable 
around the nominal input value for full 
ampifier output. If you are using an 
"auxiliary" or other high -level input. 
that figure will usually be in the range of 
0.2 to 1 volt. If the amplifier has a vol- 
ume or level control, turn it fully on and 
use the generator control to adjust input 
voltage. Set the vtvm to a range that in- 
cludes the expected full -power output 
voltage. You can estimate that by taking 
the square root of the product of rated 
power and load resistance (8 ohms, or 
whatever you're using). For example, 
the maximum rms output voltage of a 

10 -watt amplifier on an S -ohm load k 
around 9 volts. 

Turn the input signal up lar enough 
to get a lockable waveform on the 
scope; set the sweep for two or three 
cycles of signal. At this point -assuming 
you're still well below the maximum out- 
put power of the amplifier -you should 
have a perfect sine wave. 

Slowly advance the generator level 
control and watch the scope for signs of 
distortion in the waveform: clipping at 
either peak or both, asymmetrical cur- 
vature. "fuzz," jogs or anything other 
than pure sine. Adjust the scope's sensi- 
tivity as needed to keep the trace visible. 

In all modern push -pull amplifiers 
you should he able to reach full rated 
output at 1 kHz before you see any dis- 
tortion. What usually happens then is 
that both peaks of the sine wave begin to 
flatten rather suddenly and about equal- 
ly. As you increase the input voltage 
further, the waveshape becomes defi- 
nitely angular. At the same time, there 
may be a distinct jog around the zero 
axis of the waveform. The output of the 
amplifier may continue to increase if 
you crank the input up further, but this 
is no longer useful output; it is very bad- 
ly distorted. 

If you have no distortion- measur- 
ing equipment, or if no distortion figures 
are specified. take the output at the 
point where flattening just begins as the 
nominal output of the amplifier. Read 
the output voltage, square the figure, and 
divide by the load resistance in ohms. 

From top to bottom, the first trace shores 
clean sine -wave output. The next illustrates 
the clipping point; since bottom of the 
trace is clipped but top is not, the amp- 
lifier is slightly asymmetrical. The last 
trace clearly indicates severe amplifier 
overload; bolls halves of trace are clipped. 

The result is the output power of the 
amplifier in watts rms. 

Any substantial asymmetry in the 
clipping or flattening in a push -pull am- 
plifier indicates an unbalanced output 
stage or phase inverter. If the amplifier 
has one or more balancing adjustments 
(not the channel -balance control in 
stereo amplifiers!). set them according 
to the manufacturer's instructions. If 
not, interchange the output tubes or 
transistors or try a new pair, preferably 
matched. If clipping is still asymmetri- 
cal, there may be trouble in the phase 
inverter or driver or in an earlier stage. 

The most valid indicator of proper 
balance in a push -pull amplifier is mini- 
mum distortion at maximum output. If 
you have an IM or harmonic- distortion 
meter, adjust the balance settings for a 
minimum distortion reading at rated am- 
plifier output power. Otherwise, try to 
get symmetrical clipping at "overload" 
output. This indicates that each half of 
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Verifying Amplifier Performance 

the push -pull output stage is doing its 
fair share of the job. 

If the amplifier under test is to be 
used for high -quality reproduction, you 
will want to repeat the distortion test at 
50 and 10,000 Hz. A really topnotch 
amplifier should be able to produce full 
power at rated distortion at any fre- 
quency from 30 to 15,000 Hz, or even 20 
to 20,000. Don't expect anything like 
that from low -priced amplifiers or the 
usual public -address equipment. 

Remember one thing. though. Half 
power means a drop of 3 dB, which rep- 
resents a barely audible change in loud- 
ness on program material. To sweat for 
hours to get 5 more watts from a 50- 
watt amplifier is pure masochism. 

A final point before we go on to 
another kind of measurement: Single - 
ended amplifiers, the kind you find in 
cheap radio and phonographs and 
in "minimum" PA systems, produce 
asymmetrical clipping even when work- 
ing right. Incipient overload in those 
circuits usually looks like a gradual 
skewing of the waveform, often well be- 
fore distinct clipping sets in. Don't waste 
much time with them. If they produce 
their rated output without any terribly 
serious aberrations in the waveform, let 
well enough alone. 

Noise and hunt 
One thing you must be sure about 

in making hum and noise measurements 
-that your test setup doesn't introduce 
hum and noise in amounts that approxi- 
mate the quantities you're trying to 
measure. 

Before you begin, try this. Short the 
input terminals of your ac millivoltmeter 
with an inch or two of wire and switch 
to the lowest range. Any reading on the 
meter is being generated by the meter 
amplifier or picked up internally from 
the ac wiring. It should be very small - 
not more than one or two divisions at 
the extreme left end of the scale. If it's 
more than this, try reversing the ac 
power plug or grounding the meter cabi- 
net to a good waterpipe ground. If that 
doesn't help, something's wrong in your 
meter -bad wiring, a ground loop, 
heater cathode leakage. a noisy tube or 
resistor, an open filter capacitor, etc. 

Now, to check the amplifier, use the 
test setup of Fig. 2 again. All shields, 
bottom covers and suchlike that came 
with the amplifier should he in place and 
fastened. Short the amplifier input with 
a bit of wire and switch the meter to a 
low range, where you get a noticeable 
reading. Try various combinations of 
reversing line plugs on all the equipment 
that's interconnected, including the am- 
plifier, and /or grounding the chassis of 
one or more instruments, until the read- 
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ing is as low as it will go. 
Now remove the short and run the 

amplifier up to full output at 1 kHz -to 
whatever figure you settled on after the 
power- output check -and note the fig- 
ure. Disconnect the generator and again 
short the input terminals of the amplifier 
with a bit of wire. Increase the sensitiv- 
ity of the meter range by range until you 
again get a readable reading. Note that 
figure. 

Ten times the common logarithm 
of the ratio of the full- output reading to 
the no- signal reading gives you the 
signal -to -noise figure in dB. (On an au- 
dio millivoltmeter, you can read off the 
figure directly in dB.) Noise should be at 
least 50 dB below full output, and pref- 
erably 70 or 80 dB. 

The noise figure will probably 
change with various settings of volume 
and tone controls; the reading you 
choose is up to you. 

For a really precise determination 
of signal -to -noise ratio, the input should 
be bridged by a resistance equal to the 
typical value of source resistance the 
amplifier is designed to work from. Such 
a resistor might be 1,000 ohms for low - 
level mike or phono inputs and 10,000 
for high -level inputs. 

Note that you cannot separate 
hum (60 Hz and harmonic multiples of 
it) from noise (random stuff produced 
by resistors, tubes, transistors, etc.) in 
this test. What you measure on your 
meter is an average of all the output 
produced by the amplifier in the absence 
of a deliberate input signal. To measure 
hum and noise independently requires 
the use of filters, a wave analyzer, or a 
calibrated scope. 

You'll find it's a good idea to leave 
your scope (calibrated or not) con- 

A standard dummy load for preamp out- 
puts is a testing convenience. Put 100K 
of R and .001 µF of C in parallel across a 
dual banana plug (E. F. Johnson 108, Gen- 
eral Radio 274MB, or II. H. Smith 210). 
Such a plug will fit the binding posts 
of most modern audio test equipment. 

nected throughout all tests on an ampli- 
fier. It provides a window through 
which you can see what's going on. For 
example, in the noise test, it's convenient 
to know what part of the total noise is 
raw 60 -Hz ac, 120 -Hz ripple, random 
noise, etc. 

Gain, frequency response 
and sensitivity 

Stated most simply, gain is the ratio 
of output voltage to input voltage. Gain 
in dB is 20 times the common log of that 
ratio. We're not going to talk here about 
power gain, which is usually not of in- 
terest in this kind of work and introduces 
messy complications about impedance. 
Just voltage gain. 

When you measure gain, it will us- 
ually be the gain of a preamplifier. or 
some other device whose main purpose 
is to deliver an output voltage with neg- 
ligible power. Such devices normally 
work into relatively high impedances. A 
good standard dummy load to put across 
the output of such an amplifier is 100.000 
ohms in parallel with .001 FF. The ca- 
pacitor simulates the capacitance of the 
connecting cable and the following 
stage. 

Suppose you want to know whether 
a preamp on your bench has sufficient 
gain to produce 1 volt rms output when 
driven by a microphone whose maxi- 
mum output is 5 mV. You can either set 
the output to 1 volt and measure the in- 
put voltage being applied to produce 
that output, or set the input to 5 mV and 
measure the resulting output. Dividing 
the output by the input gives you the 
gain figure. 

Watch out for one thing, though. 
Too great sensitivity can be just as 
troublesome as not enough. Suppose the 
preamp produced 1 volt from an input 
of 1 mV -its gain is actually 1,000, 
which is 60 dB. It is possible that the 
5 mV output of the microphone you in- 
tend to use will overload the preamp and 
cause distortion. even if there is a level 
control after that point to cut the input 
to the main amplifier back to what it 
should be. For that reason. it is wise to 
check not only gain and sensitivity but 
also the maximum input a preamp can 
tolerate before clipping the signal or in- 
troducing too much distortion. You will 
then be on safe ground. 

In a well -designed preamp, the out- 
put stage should go into distortion be- 
fore any earlier stage is overloaded. A 
top -quality mike or phone preamp 
should be able to handle inputs of up to 
50 or 100 mV before it starts distorting 
seriously. 

Measuring frequency response is 
just a matter of repeating the gain 
measurement at different frequencies. 
On a flat preamp, all you have to do is 
make sure the input level is the same at 
each frequency. This means either trust- 
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ing the flatness of your generator or 
monitoring its output with a meter or 
scope. If the output of the preamp is 
also the same at every frequency, the 
preamp is flat. Variations of up to 3 dB 
are to be expected in PA equipment over 
the range of 50 to 15,000 Hz; better 
equipment should show variations of 
only 1 dB or less and often over a much 
wider range -perhaps 10 to 100,000 Hz. 

If the preamp has tone controls, 
you will have to be sure they are set for 
flat response. This, unfortunately, is sel- 
dom just a matter of turning the controls 
to the dots marked FLAT. You may find 
remarkable humps and dips in the re- 

, sponse curve unless you carefully set the 
controls for true flat response. This usu- 
ally takes some tinkering. Learning by 
how much the true flat setting differs 
from the indicated flat setting is usually 
instructive. 

In equalized amplifiers, like phono 
preamps, the problem is much more in- 
teresting. The best approach for occa- 
sional work is to measure the preamp's 
gain as described before at 1 kHz, which 
is your reference frequency, using a sig- 
nal sufficiently small so that when you 
measure at 50 Hz, where the gain is sup- 
posed to be 17 dB (70 times) higher, 
you don't overload the preamp. Use a 
constant input for each frequency. Call 
the 1 -kHz output zero dB. Then measure 
the gain at several at least of the other 
frequencies given in the table. 

The outputs relative to the 1 -kHz 
reference output, translated to dB, 
should approximate the numbers in the 
table. Equalization within 1 dB is excel- 
lent: within 3 dB, usually acceptable for 
low- priced equipment. Expect relatively 
greater deviations from correct equaliz- 
ation at the top and bottom ends of the 
curve. Note that the levels in the table 
are for the RIAA equalization curve 
only. 

4 

JI Stability 

This check is about as empirical as 
anything in audio. It consists mainly in 
watching the scope screen as you do va- 
rious things to the amplifier. Any thick- 
ening of parts of the signal trace, "fuzz" 
anywhere on the trace, or a periodic 
jumping. is a sign that the amplifier is 
either oscillating or darn near. 

To be truly valid. this test ought to 
be conducted with the load the amplifier 
will actually see when it is in service. 
Since this is usually a loudspeaker, or 
maybe several, a real road test is usually 
impractical. 

Bear in mind that a speaker almost 
never looks like a pure resistance. At 
high frequencies it gets more and more 
inductive, and at low frequencies -below 
the main bass resonance -it acts like a 
capacitor. Multiple speakers may have 
impedances that vary all over the map as 
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you go from one end of the audio range 
to the other. The varying phase shift in- 
troduced into the amplifier's feedback 
loop by this varying reactive load can 
easily make negative feedback positive, 
or at least less negative, at some fre- 
quencies. Depending on the gain of the 
amplifier at the frequencies where the 
feedback becomes regenerative, the am- 
plifier may actually take off and oscillate, 
or it may ring, or it may be triggered 
into short bursts of oscillation on certain 
kinds of signal. 

Some amplifiers are unstable with 
signal and no load, some with load and 
no signal, or with no signal and no load, 
and so forth. A capacitance of .001 or 
.005 µF across the load can (but 
shouldn't) affect stability. Sometimes 
volume and tone controls influence sta- 
bility as their settings are varied. You 
should check out all these combinations, 
especially if this is an amplifier of ques- 
tionable quality or one you've built. If 
you plan to sell or rent out the amplifier, 
remember that you will have no control 
over what kind of speakers or lines the 
user connects it to. The power developed 
by a runaway regenerative amplifier can 
ruin speakers or transistors in seconds. 

Stereo checks 
A very enlightening test to run on a 

stereo power amplifier or combination is 
to connect its outputs to separate load 
resistors, feed the inputs in parallel with 
the same signal, and measure maximum 
output before clipping as described ear- 
lier. The sum of the measured outputs 
will be less (often very much less) than 
twice the figure you get by driving only 
one channel at a time, because the load 
on the power supply is approximately 
doubled and its output voltage has been 
dragged down. The better the amplifier, 
the more nearly the sum of the outputs 
of both channels driven simultaneously 
will approach the sum of the individual 
power outputs. 

This test is not at all unrealistic; it 

Frequency Response Frequency Response 

15 kHz 17.2 3 kHz - 4.8 
14 -16.6 2 - 2.6 
13 -15.9 1 reference 0 

12 -15.3 700 Hz 1.2 
11 -14.6 400 3.8 
10 -13.8 300 5.5 
9 -12.9 200 8.2 
8 -11.9 100 13.1 
7 -10.9 70 15.3 
6 - 9.6 50 17.0 
5 - 8.2 30 18.6 
4 - 6.6 

Table of relative response for the stan- 
dard RIAA disc playback curve. Dots to 
left of certain frequencies indicate 
checkpoints for rapid check of equaliza- 
tion. Start with 1 kHz and use that level 
as your 0-dB reference. Then work up or down. Readings are shown in dB's. 

represents the condition under which a 
stereo amplifier is most often used. Run- 
ning this check will give you an idea of 
what to expect from the amplifier in ac- 
tual service. It will also open your eyes 
to manufacturers' claims of "25 watts 
per channel -50 watts stereo!" 

Stereo separation of an amplifier is 
the dB figure by which the signal in one 
channel (not being driven) is below the 
signal in the driven channel. The higher 
this figure, the better the separation. 

To quick -check it, set one channel 
up as in Fig. 2. Set the other up the 
same way, with a load but without in- 
struments. Run the first channel to full 
output. Then, without removing the in- 
put signal, switch the vtvm and scope 
across the load resistor of the other chan- 
nel. The reading now should be some 50 
dB lower at 1 kHz. Try the same test at 
50 Hz and 10 kHz; the result will almost 
certainly be poorer. 

At high frequencies, separation is 
reduced by stray- capacitive coupling be- 
tween channels; at low frequencies, by 
common -impedance coupling through 
the power- supply filter. 

Note that the input of the undriven 
channel should not be shorted. To short 
it might produce an unrealistically good 
separation figure, since it normally isn't 
shorted. If the scope shows that much of 
what you're reading as breakthrough be- 
tween channels is actually hum picked 
up on the open- circuited input, then you 
will have to short that input or, better 
still, terminate it with a shielded 10,000 - 
ohm resistor. 

Try (just for fun) reversing the 
channels -driving the formerly undriv- 
en channel and measuring on the other. 
The figures you get may very well be dif- 
ferent. 

You may also want to check the 
two channels for gain. They should be 
within 3 dB or less of each other. Small 
differences can usually be compensated 
by turning the channel -balance control 
to favor the weak channel, but serious 
differences are a nuisance and indicate 
something wrong in the amplifier. 

Especially in lower -priced amplifi- 
ers, the setting of the volume control can 
have a profound effect on the relative 
gain of the two channels. You will want 
to check relative gain around the setting 
at which the volume control will most 
often be put. 

There are, of course, many more 
checks and tests you can make on an 
amplifier. Manufacturers go through a 
great many measurement procedures. 
Some involve very sophisticated equip- 
ment and take hours or days to com- 
plete. But the procedures described here 
will give you some idea of the quality of 
an amplifier and its suitability for some 
particular job. And you've gained an in- 
sight into the fascinating field of audio 
measurements. END 
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3 -Way Combination 

FREE SPACE STANDING WAVE 

MAGNETIC ANTENNA 

Ras IN Z 
yavR SiGNA 

Discriminates Between 
Desired Signal and 
Unwanted Noise! 

Here is an antenna with the unique ability to 
discriminate between the desired signal and 
unwanted noise! A complete absence of minor 
lobes and an extremely high front to back 
ratio are characteristics of these antennas. 
This is made possible by the development of 
the Free Space Standing Wave Magnetic 
Drive Antenna system (F.S.M.). The out- 
standing electrical qualities, combined with 
the simplified mechanical construction of this 
system yields a total performance package 
unparalleled in today's market. 4 models, 60- 
inch to 180 -inch boom, all modestly priced. 

44(11.°: HF 

UNEXCELLED! 
COLOR 

INVESTIGATE NOW! 

S'6Ee,jp, Irre. 
Manufacturers of the TARGET ANTENNA 

210 West Florence Street 

Toledo, Ohio 43605 

Circle 115 on reader's service card 

TECHNOTES 
SENCORE CR -133 CRT TESTER 

My Sencore CR -133 CRT tester -rejuvenator stopped 
working in the REJUVENATE I and REJUVENATE 2 modes. All 
other functions were normal. At first, I thought that the last 
few tubes that I rejuvenated were simply too far gone for the 
first two rejuvenate positions to have an effect. But when the 
same thing happened on several tubes that still had a fair 
amount of brightness left, I suddenly remembered that I had 
not noticed (in modes 1 and 2) the usual blue flash in the 
neck of the CRT. 

The tube heater brightened progressively as the function 
switch was advanced from REJUVENATE I to 3. This showed 
that the voltage -boost part of the circuit was okay. The 
schematic showed that the only component not common to 
the three rejuvenate circuits is a 10 -ohm 5 -watt surge -limiting 
resistor, which is in the circuit in positions 1 and 2 but is by- 
passed in position 3. An ohmmeter check showed it to be 
open. Replacement with a 10 -watt resistor restored the tester 
to perfect operation. -Klaus Halm 

DESOLDERING? BLOW, DON'T SUCK 

In our shop, we use an air compressor and storage 
tank with about 40 pounds of regulated air pressure to 
clean chassis and cabinets. I've also found it unsurpassed as 
a desoldering aid when removing components from printed - 
circuit boards. 

Use wide masking tape to cover adjacent parts, then heat 
the terminals of the part being removed until the solder is 
molten. A short blast of air blows away the solder. This 
method of removing solder is far more efficient than the two 
suction devices I've tried. Even if the blown solder strikes a 
component or another joint, it won't stick because the air 
cools it instantly. 

If you don't have an air compressor in your shop, you 
can use a small refillable air tank. You won't have to fill it 
often because the amount of air used for this purpose is neg- 
ligible.- Wayland Dunning 

DUMONT COLOR SETS 

Improved vertical retrace blanking in chassis 120814 
coded with triangle F or higher letter; 120822 and 120835 
with triangle E or higher letter; 120844, 120858, 120859 and 
120868 coded triangle B or higher. 

100/(1.5W - 
aDD 

V 208 
6158 
2ND VIDEO AMPL 

R252 C251 R383 
AJ.h. 

68K .01 IOOK 

0j 

V204 
12BY7 -A 
3RD VIDEO AMPL 

V 309 -b 

6GF7 -A 
VERT OUTPUT 

Remove 68K 1 -watt resistor R252 from the circuit and 
add a 100K 1/2-watt resistor between pin 2 of V208, the 6LF8 
second video amplifier, and C251 as in the diagram. Mount 
the resistor on the etched side of PC-2, the video and sound 
board. Insulate the leads to prevent possible shorts. 
-DuMont Field Service Bulletin 
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R -E PUZZLER 
'fry solving this puzzle based on electronic terminology. It shouldn't prove difficult except perhaps to someone who believes "heptode" is 
a bullfrog who's been around, or that "transformers" are worn under blouses! Each word is connected to the one above and below by a single letter. Get a pencil, make yourself comfortable, and begin! 

1 Transformer combining pri- 
mary and secondary as a sin- 
gle coil. 

2 Material in which current flow 
is changed by light. 

3 Involving both electrical and 
sound pressures. 

4 Impurity added to a semicon- 
ductor to improve conductiv- 
ity. 

5 Three -terminal silicon semi- 
conductor device. 

6 Electrostatically focused, 
beam -switching tube. 

7 Signal detection. 
8 Equipment that produces and 

modulates rf current and de- 
livers to antenna. 

9 The third order or rank, as a 
coil winding. 

10 Small capacitor inserted in se 
ries with a main capacitor. 

11 Type of spring clip with two 
meshing jaws. 

12 Oriented intergrowth between 
two crystals. 

13 Instrument that measures ra- 
diation. 

14 Pertaining to emission of elec- 
trons by heat. 

15 Early form of detector that 
works like a thermistor. 

16 Quality, degree, state, or 
measure of color. 

17 Doughnut or ring -shaped. 
18 Flowing only in one way. 
19 Fluctuation or irregularity in 

performance. 
20 Having a common center. 

such as a circle within an- 
other circle. 

21 In microelectronics, the physi- 
cal material on which circuit 
is fabricated. 

22 Its atomic number is 89; its 
atomic weight is 227. 

23 Pertaining to of or rf genera- 
tion. 

24 Varistor in which current - voltage relation may be modi. 
fied by light. 

25 Variation of components of a complex wave by each other. 

0 
fl 
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0 
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m 
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r 
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TEST TRANSISTORS 
IN SECONDS 

in circuit 

Also check all 
transistors, diodes, 
and rectifiers out 

of circuit for true AC beta 
and Icbo leakage. 

Your best answer for solid state servicing, produc- 
tion line testing, quality control and design. 
Sencore has developed a new, dynamic in- circuit transistor tester that rea ly works -the TR139 -that lets you check any transistor or diode in- circuit without disconnecting a single lead. Nothing could be simpler, quicker or more accurate. Also checks all transistors, diodes and rectifiers out of circuit. 
BETA MEASUREMENTS -Beta is the all- important gain factor 
of a transistor; compares to the gm of a tube. The Sencore TR139 actually measures the ratio of signal on the base to that on the collector. This ratio of signal in to signal out is true AC beta. 
ICBO MEASUREMENTS -The TR139 also gives you the leak- age current (lcbo) of any transistor in microamps directly on the meter. 
DIODE TESTS -Checks both rectifiers and diodes either in or out of the circuit. Measures the actual front to back conduc- tion in micro- a-nps. 
COMPLETE PROTECTION -A special circuit protects even the most delicate transistors and diodes, even if the leads are accidentally hooked up to the wrong terminals. 
NO SET -UP BOOK -Just hook up any unknown transistor to the TR139 and it will read true AC beta and Icbo leakage. Determines Pr\P or NPN types at the flick of a switch. 
Compare to laboratory testers costing much more.... $89.50 

See America's Most Complete Line of Professional 
Test Instruments - At Your Distributor Now. 

, NO r 4!4YUr4ClURIRnF f[fC7gr).NiC MA/NIfM1'.1V^r ro: yr 

e G 1 V CD F=R 
426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 

Circle l I tin reader'.s .service turd c6 
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NEW SEMICONDUCTORS, 

MICROCIRCUITS & TUBES 
WIDE -BAND LINEAR IC AMPLIFIER 

The Sylvania SA -20 is a 3- transistor 
IC voltage amplifier having a typical 
gain of 1 I set by two resistors (R4 and 

R6 in the diagram) in a feedback net- 

SA-20 

o 
02 3 40 

01 5o 1- t 8 ó 60 / 
45° \\!/\" / TYP \5, 

\.%ork. An external resistor can be con- 

nected between pins 4 and 7 for precise 

gain adjustments. 
The -3-dB frequency response is 

determined largely by the value of an 

external feedback capacitor connected 
between pins 2 and 3. With 10 -pF feed- 

back capacitance, gain begins to droop 
at about 3.5 MHz and is down 3 dB at 

about 12 MHz. With a 3 -pF capacitor, 
rolloff begins at 20 MHz and reaches 

the -3 -dB point at 80 MHz. 
Input impedance is 1.200 ohms: 

output impedance is 2 ohms. Maximum 
output signal is I4V p -p. Power supply 
24V at 15 mA. Temperature range -55 
to 125 °C. Packaged in 8 -lead low -sil- 
houette TO -5 case. 

HIGH- VOLTAGE POWER TRANSISTORS 

The B- 176000 -B- 176015 and B- 

176024-B- 176029 form a series of npn 

silicon power transistors for high -voltage 
applications. Maximum collector current 
is 5 amps. The series includes units with 
VeEX and V,ht, ratings of 250, 400, 550 

and 700 h,1: ratings ranging from 10 to 

25. Additional information on these 

transistors can be obtained from Bendix 
Semiconductor Division, Holmdel, N. J. 

HYBRID OP AMPS 

The NS7560 and NS7560A are two 
hybrid operational amplifiers offering 
input- current, input- offset -voltage and 
output- current characteristics superior to 

their monolithic counterparts in the 

-55° to + 125 °C operating range. They 
provide wide output voltage swing and 

high output current with minimum in- 
put current and low standby power re- 
quirements. END 

"THIS SALE"-ISiîùTHAN JULY. 
Our TREMENDOUS BUYING POWER & PURCHASING EXPERIENCE make it possible. We invest Thousands of Dollars 

(in just a single item) to create a good DOLLAR BUY, resulting in the AMAZING & EXCITING OFFERS that follow: 

ERSIN MULTICORE SOLDER 69` 
1 LB SPOOL ROSIN -CORE 51.39 

Wit SOLDER .t'v rWit Guts Gut"). 

3-50' SPOOLS HOOK -UP WIRE Si. 
colors 

50 ASSORTED MYLAR CON- Sl, 
DENSERS popular selected types 

100 - MIXED DEAL "JACKPOT" Sl 
Condensers, Resistors, Suqrisee 

10 ASSORTED SLIDE SWITCHES Si 
51'ST. SPLIT. OP'T, etc. 

20 EXPERIMENTER'S COIL $1 
"JACKPOT" assorted for 101 uses 

20 ASST. PILOT LIGHTS $l #44, 4', 47. 51, etc. 

50 ASST. DISC CERAMIC 
Sl CONDENSERS popular numbers .. 

10 ASST RADIO ELECTRO- Sl 
LYTIC CONDENSERS 

50 ASST. TUBULAR CON- Sl 
DENSERS .'ol to .47 to 00ur 

20 STANDARD TUBULAR $1 
CONDENSERS . 0476p,Ov 

3 -1i2 MEG VOLUME CONTROLS Sl 
with $witch, 3" $hail 

o 

o 

UNIVERSAL 4" PM SPEAKER AQ Alnico 5 magnet, Quality tone .. 

7 ASST. TV ELECTROLYTIC S1 
CONDENSERS poPUler selection 

$15.00 TELEVISION PARTS $1 
"JACKPOT" beat buy ever .... 
BONANZA "JACKPOT" mtt gold. 
not oil, but n wealth of Electronic 
Items -Money- RckguarantN ... 
10 SETS DELUXE PLUGS & 
JACKS asst. for many purposes .. 

10 SETS PHONO PLUGS & 
PIN JACKS RCA type 

10 SURE -GRIP ALLIGATOR 
CLIPS 2" pieted 

50 RADIO & TV SOCKETS Sl 
all lypv - .«. 8 pin, 0 pin. etc. 

50 ASSORTED #3AG FUSES Sl 
popular .. 

100 STRIPS ASSORTED SPA- 51 
GHETTI 000,1y sises 

100 ASSORTED RUBBER GROM- Sl 
METS best sises 

50 ASSORTED PRINTED CIR- 
ty 

51 
CUIT SOCKETS best »Tee ... as 

10 ASSORTED VOLUME CON- S 1 
TROLS 1000 switch 

$5 

$1 

Si 

$1 

RCA 110° FLYBACK TRANSFORMER 

we scooped the Market 
Latest type - standard 
for all I IO TV's 
RCA's design of large 
Coll produces 18xV- 
assuring adequate width 
Inel Schematic Diagram 
application for any TV 

1.1st price $13.90 

Your price .. 
$3 

10.7e off in lots of 3 

110° TV DEFLECTION YOKE 

3 for all type TV's Inel schematic $ 
same as Thonlarsun Y502 list $20 

"COMBINATION SPECIAL" 
RCA 110° FLYBACK S5 
plus 110° DEFLECTION YOKE . 

5 ASST. SELENIUM RECTI- Sl in 7ASSORTED VOLUME CON- Sl r) 
FIERS O5m ni a, l'us. 300ma. etc. TROLS with switch 

FREE $1 BUY WITH EVERY 10 YOU ORDER 

90° FLYBACK TRANSFORMER $2 
for all type TV's Mel schematic 

90° TV DEFLECTION YOKE $2 for all type TV's Intl schematic .. 

70° FLYBACK TRANSFORMER Sl 
for all type TV's Inc) schematic at 

70° TV DEFLECTION YOKE 
for all type TV's Incl schematic $1 

o 

o 
o 

o 

o 

TV 
TUNERS assorted types 1 

less Tithes. sold at random 

TV TUNERS nssorlt"1 types S 

including 'l'uiw.s. sold at ndom . . 

TV TUNERS VHF /UHF sont types S L` 

Inrh i; -ruhes, sold at random .. 

2 TV VERTICAL OUTPUT Si 
TRANSFORMERS 10: ratio .... 
5 ASSORTED TRANSFORMERS $1 
Radio, it and Industrial 

4 AUDIO OUTPUT TRANS- Si 
FORMERS . 

40 ASSORTED TV KNOBS all Si 
sumdani . value 

4 TV ALIGNMENT TOOLS m"sl S1 
useful wot 

100 ASST. RADIO KNOBS S 1 
all selected popular types 

2 G.E. 
wPIECE 

EQUINT S1 
stacked ith ovS er 

OF 
200 useful 

PME 
parts 

10 ASSORTED DIODE CRYSTALS S1 
1534, 1548. 1500, 1N04. 1582 

1 

1 

10 STANDARD TRANSISTORS S 

Srs & Psi' 254114. 25414, etc. 

20 ASSORTED TV COILS $l I.F. Ideo. sound, ratio, etc. 
5 TOP HAT SILICON RECTI- S 

FIERS :, o,i n:nity . 

Only applies FREE GIFT WITH EVERY ORDER 
to "SI" Buys 

IMMEDIATE DELIVERY ... Scientific light packing for safe delivery at minimum cost. 

HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 

F in box for Free S1 BUY. Enclose with check or money order, add extra for shipping. 

Tearsheets will be returned as packing slips in your order, plus lists of new offers. 

Name 

Address 

Cost of 
goods 
Shipping 
estimated 
TOTAL. 

Please specify refund on shipping overp .. , r <u s ,ed. CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantaae to customer 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 212-874 5600 
TELEPHONE 
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Typical input offset voltage at 25 °C 
with V. at ± 12V is 5 mV for the 
NS7560 and I mV for the NS7560A. 
Typical input bias currents for these Na- 
tional Semiconductor units are 40 nA 
and 10 nA, respectively. The output is a 
complementary emitter follower supply- 
ing up to ±50 mA into a 100 -ohm load. 
Unity gain point is about 10 MHz with 
no external rolloff. When adjusted for a 
gain of 10, response is flat within 1 dB 
to over 1 MHz. Standby current is 3 mA 
with supply voltages of ±-12V. 

NEW 1 -WATT ZENER REGULATORS 

A new line of Zener diodes from 
International Rectifier is the 1ZM series. 

Voltage ratings of these 1 -watt units are 
from 3.3 to 15V with maximum current 
ratings from 300 to 60 mA. The series 
is described in Bulletin C -102 available 
from International Rectifier, 233 Kansas 
Street. El Segundo, Calif. 90245. 

MONOLITHIC VOLTAGE REGULATOR 

The LM -100 voltage regulator is 
adjustable over a 2 -32 -volt output range 
and handles output currents up to IO 

mA. The addition of a single transistor 
increases the current range to 200 mA. 
A second transistor will raise the out- 
put to 5A. The output voltage level is 
set by an external voltage divider. The 
LM -100 is packaged in an 8 -lead TO -5 
header. Specifications and applications 
notes can be obtained from National 
Semiconductor Corp., Microcircuits 
Div., 2950 San Ysidro Way, Santa Clara, 
Calif. 95051. END 

NOW... PERFECT 
COLOR TV 

ELIMINATE FM and OTHER 
INTERFERENCE 

With the Sensational 

NEW p7Iv'', 
FM Trap (Blocks Out FM) 

Get pure color signals for perfect color reception. Use a Finco Model 3006 to stop interference and block out unwanted signals from FM, Citizens Band. Amateur transmitters, motors, autos, aircraft, and fluorescent lamps. Size: 41.4" x 2" x 112 ". Available at your Finco dealer. 
Model 3006 Only $6.25 List 

THE FINNEY COMPANY 
34 W. Interstate St. Dent. RE 

Bedford, Ohio 44146 

F /NCO ANTENNAS CAPTURE THE RAINBOW" 

Circle 118 on reader's service card 
CANADIANS: Ordering is easy 

SARKES TARZIAN TV TUNER 41mc 
I,ntest Cianpac1 Mod..I g,..'d fär all 41 me TV's. 

BRAND NEW - -MONEY BACK GUARANTEE 

Best TUNER "SARKES TARZIAN" 
ever made -last word for stability, 
definition & smoothness of operation. 
An opportunity -to improve and 
bring yäur TV Receiver np -tail, n. 

COMPLETE with Tubes 8 Schematic $7.95 

L__.1 
1000-ASST. HARDWARE KIT wrens, nuts, washers, riveta. etc. 

L_1 
300 - ASSORTED HEX NUTS 
2/50, 4/40. 5/40, 6/32. 8/32 . 

250 -ASST. SOLDERING LUGS 
best types and sizes 

250 -ASST. WOOD SCREWS 
tl t.'.1 popular ,election 

250 - ASST. SELF TAPPING 
SCREWS #6. #s. etra 

150 -ASST. 6/32 SCREWS 
and 150 6/32 HEX NUTS 

150 -ASST. 8/32 SCREWS 
and 150 -8/32 HEX NUTS 

L-1 
150 -ASST. 2/56 SCREWS 
and 150 -2/56 HEX NUTS 

E 150 -ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

G 150 -ASST. 5/40 SCREWS 
and 150 -5/40 HEX NUTS 

500- ASSORTED RIVETS 
mod useful .,Cimt.,l \tau, 

L..1 
500- ASSORTED WASHERS 
most useful selected sizes 

100 - ASST. RUBBER B FELT 
FEET FOR CABINETS best sizes 

$1 

S1 

S1 

S1 

Si 

. . . we do the paperwork . . . try a small order 
HIGHWAVE AM -FM PORTABLE RADIO 

elegance in 1.1., i,y i'lirome 
14 Translators _ A Powerhouse 
or Quality Reception with AFC 
Operates on 4 "C" Cells 
22/* Telescoping FM Antenna A 
Personal listening attachment 
Money refund _ if not better 

any ny Known ,rand eelling 
for even twice the price 

S Vx5l /4"Ií21 - lb. 

COMPLETE . , . 
519.50 

3- ELECTROLYTIC CONDENSERS Si 
number ili :1ä --1 iäe 

CLEAN UP THE KITCHEN "JACK- 
POT" Rig Deal 

51 only one to a customer 

HEARING AID AMPLIFIER S2 !riel. 3 Tubes, 
\lke. etc. las 

UNIV. 3" x 5" PM SPEAKER 75t 
Rest type for Radios, TV. Ele. 

CHAPT ZU DI MITZIA "JACK 
POT" double your money back if $1 nut npmnletel Y satisfied 

50 - ASST. TERMINAL STRIPS S1 
all types. Ilug to 6.lug 

25 - INSTRUMENT POINTER Si 
KNOBS selects! lmPUlar type. . . 

Gl 5 - I.F. COIL TRANSFORMERS S1 
sub -min for Transistor Radios . 

5 - AUDIO OUTPUT TRANS- Si 
FORM sub -min for Trans Radlos 

4 - TOGGLE SWITCHES J SPST, SPDT. DPST. ['PDT 

70 -BRASS FAHNESTOCK CLIPS 
popular type & vise. platel 

32' -TEST PROD WIRE 
deluxe quality. red or black 

Si 

Si 
S1 

100 -ASST 1/2 WATT RESISTORS S1 st.,.." noire ohmage some In 5,--c 

100 - ASST 1/2 WATT RESISTORS S1 stand. choice ohmage.. some in Sr^e 

70 - ASST 1 WATT RESISTORS S1 .stand. choice ohmages some In 5'70 

35 - ASST 2 WATT RESISTORS S1 -rind. rh,.ii.e ohnrages, sonic ut 5,"o 

50 - PRECISION RESISTORS Si asst. list. tiri. e 5511 less 08eo .. 
20 - ASS'TED WIREWOUND 51 
RESISTORS, 5. 10, 20 watt sass 

100 - ASST. MICA CONDEN Si 
SERS .some to 5e 

TELEPHONE RECORDING DE- Si 
VICE instant .toit cup lit 

CRYSTAL LAPEL MICROPHONE S1 high impedance, 200.6000 cps 

25' - MICROPHONE CABLE 51 
deluxe. 2 conductor, shielded 

515.00 RADIO PARTS "JACK- Si 
POT" handy assortment 

S - PNP TRANSISTORS Si 

5 - NPN TRANSISTORS Si 
general purpose. TO.5 case 

general purpose. TO.5 case 

15 - ASST. ROTARY SWITCHES Si all popular types $20 value 

) ,AUS 

IBM 
R SECTIONS 

n assorted Units we 
sell for el are 
loaded with oser 
ISO valuable parts. 
Incl. - Transistors 
condensera. Resist. 
..rs. heat Sinks, DI- 
.tes, Etc. 

8 tor Si 
100 for $10 

TAPE RECORDER - assorted typ.. SA paid, bad broken. as.ls, potluck 

10 - 7" TV TAPE REELS Si all you want. Hää0 In stock 

L_1 
TRANSISTOR RADIO a." type $ .50 good. bad. broken. as.ls, potluck 1 
S4 ELECTRIC FOOT SWITCH S1 deluxe type for any equipment . 

10 - TRANSISTOR RADIO EAR- 
PIECES wired complete with plug 

100 - ASST. TUBULAR CON- 
DENSERS 1iii te 47 to onor 

SO - BALL POINT PENS 
re unstable. a..,,rte,l colors 

10 - G.E. SAPPHIRE NEEDLES S1 4n, l'R -I 1. etc. ,$Y5.ä11 values . 

15 - G.E. #NE -2 TUBES S1 Neon Woo I atop f,.r läl usas .. 

7 BSR DELUXE STEREO RECORD 
$16 CHANGER ^mldete .e cari 1g.. V 

1 50 -TUBE CARTONS (colored) Si .. ta,l .ties for Popular Tube... 

10 - ASSORTED TUBES $1 
Radio, Television and Industrial . 

ALL AMERICAN TUBE KIT 
Top Standard Brand - 12BA6. SA 
1211£6. 12AV6, SOCS, 35W4 

MERCHANDISE WANTED in any q uantity - TUBES (all types) - RADIO & 
Please send samples. quotes & amounts 

TV PARTS - EQUIPMENT finished or unfinished - immediate cash. - only new merchandise bought. 
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Now...Iearn how to test and service electronics - 
read the new Darr Twins. 

HOW TO TEST ... ALMOST EVERYTHING ELECTRONIC 

The most accurate title ever put on the cover of a book. 

Practically every testing technique for almost every kind of 

electronic equipment laid out for you in easy, highly readable 

style. Hundreds of illustrations make text crystal clear. With 

the test equipment you now own, and a few simple devices 

Darr shows you how to make easily and inexpensively, 

you can test faster and more accurately than ever. 

Gernsback Library #132. 

JACK DARR'S SERVICE CLINIC 

Compiled by James Belt. The most helpful material from 

RADIO -ELECTRONICS Service Editor Jack Darr's monthly 
"Service Clinic." Every chapter contains distillations of 
concise and witty instruction about testing and trouble- 
shooting, followed by actual reader questions and answers. 

Hundreds of questions selected for lasting usefulness and 

grouped under convenient categories for easy reference. 

Gernsback Library #133. 

JACK DR'S 

SE 
r+ E 

CLINIC 

, 

Available at your local Allied Radio, Federated Purchaser, Lafayette Radio, Newark 

and dealer stores listed below, and other parts dealers. 

CALIFORNIA 
Carousel Electronic Supply 
271 - 9th St. 

San Francisco 

Elmar Electronics 
228 Charleston Rd. 

Mountain View 

Henry Radio 
11240 W. Olympic Blvd. 
Los Angeles 

Quement Industrial 
Electronics 

1000 Bascom Ave. 

San Jose 

88 

Zack Radio Supply Co. 

1444 Market St. 
San Francisco 

HAWAII 
Radio TV Corp. Ltd. 
432 Keawe St. 
Honolulu, Oahu 

NEW MEXICO 
Mannies Electronic Supply 
802 So. Soland Dr. 

Las Cruces 

NEW YORK 
Arrow Electronics, Inc. 
900 Broad Hollow Rd. 

Farmingdale 

Yonkers Electric Supply, 
Inc. 

541 Nepperhan Ave. 
Yonkers 
OHIO 
Custom Electronics, Inc. 
1918 So. Brown St. 
Dayton 
Euclid Radio Co. 
16379 Euclid Ave. 
East Cleveland 
Wirteradio, Inc. 
1468 W. 25th St. 
Cleveland 
PENNSYLVANIA 
Cameradio Co. 

Electronics, Radio Shack 

1121 Penn. Ave. 
Pittsburgh 
Olson Electronics 
3405 Saw Mill Run Rd. 

Pittsburgh 
Radio Electric Service 
701 Arch St. 
Philadelphia 

WASHINGTON 
Pearl Radio & Electronics 
1300 First Ave. 
Seattle 

Radio Supply Co. 

6213 - 13th Ave. So. 

Seattle 

RADIO -ELECTRONICS 
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W H Al" S 
YOUR EGI? 

These are the answers. 

Puzzles are on page 78. 

Lamp Switching 
As shown. the circuit will fire the 

desired lamps -but also some others, 
They come on as follows: (1) 1, 3, 5; 

le 2 3@ 4(§) 

(2) 1, 2, 3, 5; (3) 1, 3, 5; (4) 1,3,4,5; 
(5) 1 3 5. 

The circuit operates correctly when 
connected as shown above. 

Black -Box 
Voltage Doubler 

The box contains an RC phase -shift 

oscillator and a voltage- doubler recti- 
fier, as shown. END 

50 Dearg Ago 

In Gernsback Publications 
From July, 1917 

Electrical Experimenter 

Wireless on the American Sub- 
marine Chasers 

How Radio Brought the News to 
the Farm 

Lightning -How to Protect Your- 
self From It 

The U. S. Signal Corps Wants You! 
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...JUST WHAT 

a.J iNE iV 

PBOBEM 

ORDERED! ,00001.1.11 

rROI 
lubricates and Cleans 
Apply With Spray or Dropper 
Non-inflammable ... 
Non -conductive ... Non-corrosive 
Harmless to plastics & metal - zero effects 
on capacity & resistance - "for color & 
black & white ". 

Quietrole is preferred by manufacturers and servicemen alike. Quiets noisy TV and radio controls. Mark -II for tuners, Spray -Pack for controls & switches, Silitron for general use. 

At Your Distributor ... Ask for Quietrole by Name. 

manufactured by 

QUIETROLE co. 
w Spartanburg, South Carolina 
Circle 119 on reader's service card 

How Fast 
Can You 
Read? 
A noted publisher in Chicago reports 
there is a simple technique of rapid 
reading which should enable you to 
double your reading speed and yet 
retain much more. Most people do 
not realize how much they could in- 
crease their pleasure, success and in- 
come by reading faster and more ac- 
curately. 

According to the publisher, any- 
one, regardless of his present reading 
skill, can use this simple technique to 
improve his reading ability to a re- 
markable degree. Whether reading 
stories, books, technical matter, it 
becomes possible to read sentences at 
a glance and entire pages in seconds 
with this method. 

To acquaint the readers of this 
publication with the easy -to- follow 
rules for developing rapid reading 
skill, the company has printed full 
details of its interesting self- training 
methods in a new booklet, "How to 
Read Faster and Retain More" mailed 
free to anyone who requests it. No 
obligation. Send your name, address, 
and zip code to: Reading, 835 Diver - 
sey Parkway, Dept. 684 -017, Chicago, 
Ill. 60614. A postcard will do. 

Circle 120 on reader's service card 

CB FREQUENCY Checks are required by the FCC and must be made with highly accurate equip- ment. But you can buy a surplus BC -221 frequency meter and build an inexpensive converter that will get the job done properly. Here's a source of additional income -an easy -to -build con- verter for CB work -in the August issue of RADIO -ELECTRONICS 

ELECTRONICS 
. 

'- tA W 

Engineering- Technicians 

The Nation's In- 
creased demand 

Bachelor of Science Degree, 30 Months 
Save Two Years' Time 

RadioTelevision Plus Color Technician (12 Months) 
Electronics Engineering Technology (15 Months) 
Electronics Engineering (B.S. Degree) 

for Engineers, 
Electrical Engineering (B.S. Degree) 
Mechanical Engineering (B.S. Degree) Electronic Technicians, Radio TV Technicians is at an Civil Engineering (B.S. Degree) 

all time high. Heald Graduates are in demand for Architecture (B.S. Degree) 
(36 Months) Preferred High Paying Salaries. Train now 

for a lucrative satisfying lifetime career. 

44 G 
1215 Van Ness Avenue 
San Francisco, California 

r- 

Approved for Veterans 
DAY AND EVENING CLASSES 

Write for Catalog and Registration Application. 
New Term Starting Soon. 

Your Name 

Address 

City 

State 

Circle 121 on reader's service card 
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"ARCTURUS" COLOR TV 

SPECIALS 
Original Color Flybacks for RCA. GE. Emerson Magna- 

vox, Muntz, Olympia. 'Milo. Silvertone. Sylvania, etc. 
List price $24.00. Our price $9.95. Cat. #CTVF I. 

Original Color Yokes for all makes of color TV. 70 

degree for all round color CRT's. Cat. #XRC70: 90 de- 
ree for all rectangular 19 to 25 inch CRTs. Cat. #XRC 

90. List price $50.00. Our price $12.95 each. 

Color Focus Rectifiers. 6.5 K.V., Cat. #CFR5- 51.95. 

Color Silicon Rectifiers. 1.5 amps. 2000 p.l.v. Cat. 
#CFRIO. $1.19. 

Color Picture Tubes. Write for special low prices. 

Color TV Receiving Tube types. Listed in our Catalog at 
very special prices. 

Color TV CRT Sockets. Cat. #CSO 19. 79C each. 

New Tube Specials: IAX2- replacement or substitute 
for IX2. IX2A. IS2. 490 each. 5 for $2.00. 446A (2C40) 
Lighthouse Tube. usually $14.00. special 990 each. 

Black and white TV Yokes -order by Thordarson or 
Merit #. Any Y number from Y46 to Y106. any 
-M FD' number from 106 to 143. in stock. complete with 
hook -up instructions -cost $4.95 each. Black and white 
TV 110 degree Yokes. original equipment for most models 
of Admiral. Emerson. Dumont. Magnavox. Motorola. 
Philco. Silvertnne. Westinghouse. Zenith, RCA. Order by 
set makers number. Cost $7.50 each. 

StrombergCarlson Transistorized Intercoms. AC only. 
Seven Station Master $12.95. Cat. #SCTI I. Remote Sta- 
tions for SCTI I. $4.95 each. Cat. #SCT R2. With hook-up 
instructions. 

Transistorized UHF Tuners used in 1965. '66. '67 TV 
sets by Admiral. Dumont. Magnavox. Motorola. RCA, 
Phileo. Olympic. Sylvania. Silvertone. Only difference from 
one to another: removable gearing may differ. Easy re- 
placement. No filament voltage required. Needs only 15 

volts D.C. to Junction. Cat. #U HFT -I. $4.95. 

Kit of 30 tested Germanium Diodes. Cat. #100. 99e. 

Kit of 15 Subminiature Tubes. 99C. Cat. #29 
Silicon Rectifier long -life replacement for 5U4. 5Y3. 

5ÁS4. 5AU4, 5AW4, 574, 5V4, 5Z4. Octal based. With 
diagram: Cat. #RECT -l. 990 each. OZ4 long -life Silicon 
Rectifier replacement, octal based. Cat. #RECT -2. 990 
each. 

Send for FItI :F: CATALOG listing thousands of slmllar 
items at loner- than -fair prices. We thank soli now- ycu'll 
thank us 

ARCTURUS ELECTRONICS CORP. 
502 -22nd St., Union City, N.J. 07087 Dept. RE -7 

Phone 864 -5568 (Area Code 201) 

Circle 122 on reader's service card 

U.S. GOVT ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most minim. Government Surplus electronic units and 
elm at a hactien of their original acquisition vest. 

ORDER DIRECT FROM AD or WRITE FOR CATALOGS 

STANDARD DIAL TELEPHONE 

I ITEM a7:5)-- 

.....pI,J.rA Ilat.''.'... 
nal phr.m rlhr+Im I".,1 m,.. ,.- 
lull 1 r. luno,hrd 1 al.'n Ih%. 

1kl'eP.al I n,t á,'4'd1.0 FAA. $5.95 
STEP-BY-STEP AUTOMATIC SWITCH 

I ITEM 0770 I - - sm ,IP-ndunund". 
elnnn.mrnau IL.phomr+ oh. luid , hanl 
polt I,. . 1 P, Illo, llr 1.Irplln ,. 

I.n lx wool l Ì; ,nl P Ills 'l Ir 
furl, ovr . ncb 

....model. .,. 
One of . r I Ili N1 AN r 1 

phir uth .Iala, m dl1 nul".;'ln. Come. 
bn. 

>' s ¡ IS". t. 'Ih Ih., I,.,1 I.n,1 te:5/.nac. ' 
F.0.11. $9.95 

1 

TYPICAL BUYS FROM OUR 1967 CATALOGS 

s 550.00 - Geared 2 -hp Battery Golf Car Meth $24.95 
s 10.00 -Westinghouse OC Ammeter. I to 30g S 7.11 

s 40.00 - Vacuum Pr me, 12 UDC Si i.95 
- - -110-MW Walkie- Talkie, Per Pair 519.60 
- - - Odiuu, Muth -Range. AC OC Toler S 8.98 

$4000.00 - Cartier Telephone Amplifier System $13.91 

SPECIAL SALE 

Correspondence 
Course In 

ELECTRICAL 
ENGINEERING `rnl'" s1o.:s s8 V 

I ITEM 0AI01 I - - hn.. In nhlm mohnn aam 
Inc at sm./Inn 1 o onCl 1 n'n l uo hoot . a% u,pnrld.,l 
11, 
oiler 'Ilmll,d 1nnnl' or the .4 1111.11. "' n.pl 'lr' All n' 

tone lut n.d..ml am r n. PPr, h a.i,..c , .. Ih.n. 
114 1..,,n .. 1 I..nlu 11 .1. I.u,l'1.a. am', f..lr r and 

n% ,,P,al. .11100. ,lndM \nuit, r. mtorah u,m Il.m. 

room... .rli n.lrlland, Prolll.rlWllnurrIrd. 
Nrd, ". 1.1 ,r ' , n A %lud. upar 11 

-.dn 1 ,nlnr. rmc x.l ,I.olrnl. .'llrn Inh. ou o " " 
I ..1n., Ir, c n,r .,. rain% 1I.,t n.Inm.d , n 1,n,... 

dnxh., err. sdd.nnnl Ixxd. on loon n Iwlld d npr1 - 

1.hmol.n,'ndI p",m.nlal lhn, li ' Ium mhrd u llk .a, h, m.. 

SEND The COIN OR STAMPS FOR MAIN CATALOGS 

all Items FOB Lincoln Money Bacs Guarantee 

SURPLUS CENTER 
DEPT. RE 077 LINCOLN, NEBR. 68501 

Circle 123 on reader's service card 

NOTEWORTHY 
CIRCUITS 

METER TEMPERATURE COMPENSATION 

The resistance of a mete: coil 
changes with temperature. Where meters 
are used over a wide range of tempera- 
tures, such as outdoors or in some fac- 
tories, this can he important. 

As an example: A meter movement 
that has a resistance of 2,150 ohms at 
25 °C (about 77 °F) will drop to 1,800 
ohms at -20 °C (-4°F) and rise to 
2,358 ohms at 50 °C (122 °F). Thus a 
meter that is accurate at 25° may be 
high 16% at -20° and low IO% at 50 °. 

THERMISTOR, IQ AT 25°C 

METER COIL 

0-100 000` --° 
215011 AT -- -MN1- 
25°C IK 

By compensating that variation with 

a high negative- temperature -coefficient 
thermistor, the meter can be used over 
a wide temperature range with minimal 
error. I use meters so compensated in a 

foundry in Wisconsin, where tempera- 
ture variations exceed those quoted 
above. 

Using a YSI precision 1,000 -ohm 
thermistor in parallel with a 1,000 -ohm 
resistor (see diagram), the meter resist- 
ance at 25° is 2,150 ohms and the 
thermistor- resistor combination is 500, 
a total of 2,650 ohms. At -20 °C the 
thermistor resistance rises to 7,325 ohms 
and the thermistor- resistor combination 
is 880 ohms. This, in series with the 
meter's 1,800 ohms, amounts to 2,680 
ohms. The difference of 30 ohms 
amounts to ±1.13% instead of 16 %. 
At 50 °C the thermistor resistance is 468 
ohms and the parallel combination with 
the resistor 319 ohms. Thus system re- 

sistance, ith the 2,358 ohms of the 
meter, is 2,677 ohms, a difference of 
only 1.02% from the "standard" 2,650. 

Adding the extra resistance of the 
compensation system will decrease the 
meter sensitivity. In many instances, 
however, the original circuit uses a re- 
sistance in series with the meter. Re- 
ducing that resistance by 500 ohms 
leaves the total resistance unchanged. 
-Howard T. Bailey 

3- CHANNEL MIKE MIXER 

Here is a compact transistor mixer 
for any combination of three ceramic or 
magnetic microphones or pickups. 
Humfree, this unit has very good bat- 
tery life. Drain is less than 4 mA from 
a 9 -volt battery. The mixer provides 
good input isolation and separate vol- 
ume controls for each of the three in- 
puts. The overall voltage gain of this 
circuit is approximately 22 dB, depend- 
ing on transistor gain. 

Construction is simple, and only 
normal precautions need be taken. The 
unit can easily be mounted in an en- 
closure 5 x 2 x 2 in. All parts are stand- 
ard and readily available from any elec- 
tronic parts outlet. The coupling capac- 
itors, 0.47 -µF 12 -V units, are miniature 
disc ceramics. The cost of the completed 
unit is about S10. -Wm. R. Shippee 

[Bass response rolls off quite rap- 
idly, resulting in a speech -only type 
characteristic good for communications 
or PA applications. For music, connect 
a series resistor between each input 
terminal and the top end of the associ- 
ated volume control. Adjust the value 
of resistance to give adequate bass re- 
sponse with acceptable losses. -Editor] 

END 

r 
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Solution to 
R -E Puzzler for 

June 
1 microfaradmeter 
2 metrechon 
3 aperiodic 
4 quadrupole 
5 static 
6 cesium 
7 beam 
8 module 
9 antihunt 

10 constants 
11 autodyne 
12 wattage 

1967 
13 aquadag 
14 squegger 
15 neutrodyne 
16 octode 
17 yellow 
18 wavemeter 
19 compensator 
20 corrosive 
21 parameter 
22 asympote 
23 graph 
24 orthicon 

25 microelectronic 

Your rating: 

60 -64 Well -I -I 76-84 Smart! 
68-72 Pretty good. 88-96 Brilliant! 

100 Genius! 

Tell the truth. did you sneak a peek? 

By Edmund A. Braun 

NEW 
BOOKS 

QUANTUM ELECTRONICS, by John R. Pierce. 
Anchor Books, Doubleday 6 Co., Inc., Garden 
City, N. Y. 4 x 7 in., 140 pp. Paper, $1.25 

A scientific approach to the fundamen- 
tals of transistors and lasers, with not too 
much mathematics. The treatment isn't 
really high -brow. although the reading gets 
a little dull at times. There's a lot of good 
information here. and it is worth getting 
through. 

CATV SYSTEM MANAGEMENT AND OPERA- 
TION, by Robert B. Cooper, Jr. Tab Books, Drawer 
D, 18 Frederick Rd., Thurmont, Maryland 21788. 
51/2 x 81/2 in., 256 pp. Plastic mechanical, $12.95 

Could he more aptly titled "How To 
Plan and Build a CATV System." Covers 
the history and future of CATV as an in- 
dustry, plus everything from site surveys 
and antenna systems through pole agree- 
ments through securing financing and 
choosing equipment. One chapter is de- 
voted to opening and promoting the new 
system. and another to starting and main- 
taining public relations. Otherwise, the 
hook k entirely on how to set up a new 
CATV system. 

RADIO ASTRONOMY, by John D. Kraus. 
McGraw -Hill Book Co., 330 W. 42 St., New York, 
N. Y. 10036. 6 x 9 in., 496 pp. Cloth, $13.75 

Informative and easy to read. Plenty 
of math if you need it. but also well enough 
written that even the nonmathematical 
reader can understand what it's all about. 
Covers the fundamentals of astronomy, 
then progresses to radio astronomy. Talks 
about radiotelescope receivers and anten- 
nas. The entire last third of the book is 
taken up by discussions of various radio 
sources in astronom\. Hundreds of refer- 
ences for further reading. END 
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TRY THIS ONE 

LEAD -BENDING JIG 

Precise bending of resistor and ca- 
pacitor leads to fit circuit boards is no 
problem with this simple bending jig 
made from a discarded adjustable drap- 
ery -rod bracket. The photo shows a jig 
and the bracket from which it was made. 

The two parts were modified by 
sawing off unnecessary parts and by re- 
placing the self -tapping screw with a nut 
and thumbscrew through the long slot. 

Use a ruler or pair of dividers to 
set the notches in the jig the sanie dis- 
tance apart as the holes in the hoard. 
To use. center the component in the jig 
and simultaneously bend both leads. 

-Edward A. ßollinf er 

L 

STRIPPING ENAMELED WIRE 

A small square of sandpaper ce- 
mented to a wire -stripper handle will in- 
sure a quick and convenient way of re- 
moving enamel insulation from wire. 
Enameled wires aren't used often. but 
\\hen the\ ,ire it's difficult to strip them. 

Use rubber cement to attach the sand- 
paper so you can remove it when worn 
out. Leave part of the sandpaper un- 
glued. so it can he folded over to scrape 
both sides of the wire. 
-Robert E. Kelland. END 

SCHOOL DIRECTORY 
Learn Electronics for your 

,PACE -AGE EDUCATION 
at the center of 

America's aerospace industry 
No matter what your aerospace goal, 
situ can get your training at Northrop 
Ic:h. in sunny Southern California. 

COLLEGE OF ENGINEERING. 
(lei your B.S. degree in engineering in 
just 36 months by attending classs year 
round. Most Northrop Tech graduates 
have a job waiting for them the day 
they're graduated! 

A A P SCHOOL. Practical experience 
on real aircraft. One -year course pre- 
pares you for F. A. A. AA P certificate. 
55 ROE TODAY FOR CATALOG. 
NORTHROP INSTITUTE OF TECHNOLOGY 

1199 W. Arbor Vitae. Inglcssuod. 

for a professional career 

m,th.t L 

r Jail. Mali it. .heu.. For r n or Catalog. ai b Urc- 
tor Admissions career 1. -l..t. 
TRI -STATE COLLEGE 
2477 College Avenue. Angola. Indiana 413703 

Book sent free on request. Home study 
course can advance to professional career 
or profitable hobby Modern methods ar 
celerate completion Diploma awarded 

AMERICAN SCHOOL OF PHOTOGRAPHY 
IRS Div.rsey' Parkway. o.pr. 6$4 -017 Ch.,eeo, III 60611 

Accredited by National /Mew Seedy Courted 

GET INTO 

ELECTRONICS 
leche 
Irt a aiwiruuu-nl ums. I:uul,d nllIler., rader und nut..matl in.`Rexic 
w n.ly:inre,l ewinses , theory & 16hora- 
tor y. e:leetronrce:ng,neerrnx 'l'e.-hnol. 

Vtta 
od Electronic Terhn.4ogy c uticula 

'ii.inhle degree In _n 
.. :d.o ohl:nnnl.le. g.I. np. 

rd. cr,.ht:,en in nu hrnnrh,s .d 
..lertrontea with mlajor 

M 
mpnniea. Start 

F.d portl,,. .,nn.u. mch 

VALPARAISO TECHNICAL 
INSTITUTE 

Departntrnt C. V :d Il lraua. Indiane 

Get Your First Class Commercial 

F. C. C. LICENSE 
thru spare -tin.- lud>' cor:. :.deuce. 
Our money -h.. ,rrui iirotcc' ..pur In- 
vestment. -a i for Veteran,. Write for Brochure 
Grantham School of Electronics 

1505 N. Western Av.. Hollywood. Cal. 90027 

TELEVISION COLOR COLOR 

MAIL COUPON FOR FREE BOOK r 
Coyne Electronics Institute Dept. B7 -05 
151)1 W. Congress l'kwy., Chicago, Ill. 6(1607 

Send information as checked below 
HOME TRAINING in TV Radio . 
Color TV Electronics 

DRESIDENT SCHOOL. COURSES in El,. 
tronics, Electricity, Engineering, 
Color TV. Refrigeration, and FCC 

Name 

Address 

City State Zip 

Phone Age 
VA Approved -GI Bill 
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MARKET 
CENTER 
GENERAL 

CONVERT ANY TELEVISION to sensitive Big - 
Screen Oscilloscope. Only minor changes re- 
quired. No electronic experience necessary. Il- 
lustrated plans $2.00. RELCO.A25. Box 10563. 
Houston 18. Texas 

TV SERVICE ORDER BOOKS for use with your 
rubber stamp. Duplicate or triplicate. Low cost. 
Write for FREE 32 PAGE CATALOG and Special 
Rubber Stamp Offer. OELRICH PUBLICATIONS, 
6556 W. Higgins. Chicago. III. 60656 

FREE ELECTRONICS (new and surplus) Parts 
catalog. We repair multimeters. BIGELOW 
ELECTRONICS, Bluffton, Ohio 45817 

SILICON RECTIFIER SALE 
IMMEDIATE 

FULLY GTD 

DELIVERY 

NEWEST TYPE 
AMERICAN MADE FULLY TESTED 

750 MA- SILICON "TOPHAT" & EPDXY DIODES 
LOW LEAKAGE FULL LEAD LENGTH 

PIV /RMS Pie/ RMS Ply. RMS PIV. RMS 
50 35 IOU 70 200 140 300 210 
.05 ea. .07e 10 .12e . 

PIV /RMS I Ply RMS PIV RMS PIV RMS 
400 

e 
500 350 600 420 700/490 

19 ea. 21 ea. 
PIV /RMS 1 PIV RMS PIV RMS PIV' RMS 
800 360 900 630 1000 700 1100 770 

.30 ea. .4O ea. .50 ea. 70 ea. 

ALL TESTS AC & DC & FWD & LOAD 
SILICON POWER DIODE STUDS 

150 PIV 200 Pie 
105 RMS 140 RMS 

.16 ea 22 ea 
65 75 

1 25 1.40 
1 50 1.75 
2.40 3 00 

D.C. 300 PIV 400 PIV 500 PIV 600 PIV 
AMPS RMS 280 RMS 350 RMS 50 RMS 

3 -_ 
0 
.27 ea .49 ea .37 e., 45 e., 

12 .90 1.30 1.40 1.65 
75 2.00 2.35 2.60 3 00 
no 2 20 3 25 3.50 4 00 

1011 3.60 4.50 5.25 7.00 

"SCR" SILICON CONTROLLED RECTIFIERS "SCR" 
7 16 25 7 16 25 

PRY AMP AMP AMP PRV AMP AMP AMP 
25 .50 75 1.00 ;.,, 1.75 2.1S 2.50 
50 .60 .90 1.25 Io , 2.00 2.40 2.75 

I,1 .80 1 2S 1.50 41111 2 40 2.75 3.25 
15lí .90 1.60 2.00 ram 3.20 3.40 3.80 
200 1.25 1.80 2.23 1;00 3.40 4.00 4.50 

D.C. 
AMPS 

50 PIV 
35 RMS 

100 PIV 
70 RMS 

.12 e., 

.50 
90 

1 20 
2 00 

:1 
13 
35 
50 

100 

.05 ea 
.25 
.65 

1.00 
1.60 

SPECIALS! SPECIALS! 
Westinghouse 160 AMP, 500 PIV SILICON HI -POWER 
STUD RECTIFIER IN1666. 
Limited quantity. $5.10 ea. 10 for $45.00 

100 Different Precision Resistors 

1/z -1 -2 Watt 1/ % -1% TOL $1.25 

Asst transistor Kit. P.N.P.- N.P.N. 
All popular types. Unchecked 

100 for $2.95 500 for $9.95 

Computer Grade Condenser 15,500 MFD 

12 VDC American Mfg. .75 ea. 

Type IN34 DIODL GLASS .07 ea 100 for $5 

Money Back guarantee. $2.00 min. order. Include 
additional $ for postage. Send check or money 
order. C.O.D. orders 25 °c down. 

Warren Electronic Components 
230 Mercer St., N. Y., N. Y. 10012 212 OR 3 -2620 

Circle 143 on reucler's service curt! 
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PRINTING PRESSES. Type. Supplies. Lists 50. 
TURNBAUGH SERVICE, Mechanicsburg, Pa. 

FOR SALE OR TRADE: New Minifon tape re- 
corder accessories. Preamplifier- Throat micro- 
phone -Hand typist -Stethoset. Half price in- 
dividually. Will trade the lot for two Minifon 
accumalotors or for a Tessina miniature camera. 
W. THOMPSON, 308 Castillo, San Antonio. 
Texas 78210 

QUIT SMOKING OVERNIGHT using hypnotist's 
proven method. Effective LP album eliminates 
costly smoking habit. $3.95 postpaid. HEALTH - 

AIDS, Box 231, Belmont. Massachusetts 02178 

TREASURE HUNTERS! PROSPECTORS! Relco's 
new instruments detect buried gold, silver. 
coins. Kits, assembled models. Transistorized. 
Weighs 3 pounds. $19.95 up. Free catalog. 
RELCO-A25, Box 10839, Houston, Texas 77018 

"TAB" SILICON ONE -AMP DIODES 
Full I r,,,I, I- ourla 7retrd ,t Grd! U.S.A. MR. 

Pie Rol, P. Rois re,,,, R,,,, P.v Rn,, 
50 35 100 70 200 140 300 210 

05 .07 _ .10 .12 
00 200 600'420 800 560 900 630 

.14 .21 .30 .40 
1000 700 r1-60- 

_ 
1700 1000 2400 1680 

.5o .70 1.20 2.00 

"TAB" "TABTERMS' Money Back Ouarantee 
Our 22nd Year. 52 Mn 
Add Sh ppinq charges 

III GD LIBERTY ST., N. Y. 6. N. Y. 
Send 25c intima: 0:e,.,r _ . :, for Catalog 

« BLACK WHITE 

COLOR # 
THE ONLY SAFE NON -DRIFT 

SOLD- 
T V T U N E R LJgE. 
C LEA N E R S 
AVAILABLE AT ALL DISTRIBUTORS 

BROOKLYN, N. Y. 11236 

r- World i BEST BUY 
in GOVT. SURPLUS 
Electronic Equipment 

BC -603 RECEIVER -I M. 20 -27.9 MC. Continuous 
tuning and 10 preset push button channel selector. With 
sensitivity squelch & volume controls, 2 watt output to 
self contained speaker. one microvolt sensitivity. 2.65 
KC I.F. 10 Tubes: 3/6AC7. 1/615, 2/12SG7. 2/6SL7. 
1/6H6. & 1 /6V6GT. Voltage required 12/24 volts 
for filaments. 220 VDC C6 80 MA for high 
volt. Size: 111/7 x 61/4 x 121/2 ". Wt.: 
35 ms Used- $32.95 
BC -603 RECEIVER, CONVERTED to 30 -45 MC. U: $44.95 
AC POWER SUPPLY f BC -603: Wired $14.95 Kit $10.00 
DM -34 Dynamotor for 12 VDC operation New: $ 4.95 
Price, F.O.B. Lima. 0. -25 "., Deposit on COD's -BIG 
CATALOG -Send tie. Receive :',Of credit on your order! 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 

ADVERTISING 
INDEX 

RADIO -ELECTRONICS does not assume 
responsibility for any errors which may 
appear in the index below. 

Allied Radio Corp. 77 

Amperes Electronic Corp. Second Cover 
Arcturus Electronics Corp. 90 

Brooks Radio & TV Corp. 86-87 

Capitol Radio Engineering Institute, The 13 
Castle TV Tuner Service, Inc. 74 
CLASSIFIED 92 -95 
Cleveland Institute of Electronics 15, 18 -21 
Cornell Electronics Co. 94 

Delta Products, Inc. 75 
DeVry Institute of Technology 5 

Electro- Voice, Inc. 6 

Finney Co. 74, 87 

Gernsback Library Inc. 22, 24, 88 
Great Lakes Insurance Co. 78 

Heald Engineering College 89 
Heath Company 27 
Hickok Electrical Instrument Co. 16 

International Crystal Mfg. Co., Inc. 96 
International Radio Exchange 26 

Jensen Manufacturing Division 
(The Muter Company) 14 

Mallory Distributor Products Company (Div. 
of P. R. Mallory & Co., Inc.) 

Music Associated 
78 
76 

National Radio Institute 8 -11 

Olson Electronics, Inc. 76 

Permoflux Corp. 77 
Poly Paks 95 

Quietrole Co. 89 

Radar Devices 1 

RCA Electronic Components and Devices 
Test Equipment 7 
Tubes Fourth Cover 

RCA Institutes, Inc. 28 -31 
RCA Parts and Accessories 17 
Reading Improvement Program 89 

S & A Electronics Inc. 84 
Sams & Co., Inc.. Howard W. 12 
Schober Organ Corp.. Inc. 73 

Scott, Inc., H. H. 26 
Sencore 23. 85 
Shure Bros. Third Cover 
Solid State Sales 93 
Sprague Products Company 25 
Surplus Center 90 

Warren Electronic Components 92 

MARKET CENTER 92 -95 
Chemtronics 
Edmund Scientific Corp. 
Fair Radio Sales 
Salch & Co.. Herbert (Marketing Division 

of Tompkins Radio Products) 
TAB 
Terado Corporation 

SCHOOI. DIRECTORY 
American School of Photography 
Coyne Electronics Institute 
Grantham School of Electronics 
Northrop College of Science & Engineering 
Tri -State College 
Valparaiso Technical Institute 
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WANTED 
QUICK CASH . . . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York. N. Y. 10012. 
212 WALKER 5-7000 

WANTED: Radar Equipment AN /TPS 100, APT - 
9, SCR -584, AN /GPG -1. M -33 etc., P. J. PLISH- 
NER, 550 Fifth Avenue. N. Y. Tele: 212 JU 6 -4691 

AUDIO - HI -FI 

RENT STEREO TAPLS- -over 2.500 difti ,eat -all 
major labels -- free brochure. STEREO -PARTI, 
1616 -R Terrace Way, Santa Rosa, Calif. 95404 

HI-Fl COMPONENTS. Tape Recorders, at guaran- 
teed "WE will not be undersold" prices. 15 -day 
moneyback guarantee. Two -year warranty. NO 
Catalog. Quotations Free HI- FIDELITY CENTER, 
239R East 149th St., N.Y., N.Y. 10451 

TAPE RECORDER SALE. Brand new. latest mod- 
els. $10.00 above cost. ARKAY SALES. 1028E 
Commonwealth Ave.. Boston, Mass. 02215 

WRITE for highest discounts on components. 
recorders, tapes. from franchised distributors. 
Send for FREE monthly specials. CARSTON. 
1686 R Second Ave. N.Y.C. 10028 

STEREO TAPES. Save up to 60% (no member- 
ship fees. postpaid anywhere USA). Free 60 page 
catalog. We discount batteries, recorders, tape 
accessories. Beware of slogans "not undersold." 
as the discount information you supply our com petitor is usually reported to the factory. SAX!. 
TONE, 1776 Columbia Road. Washington. D. C. 
20009 

TAPEMATES makes available to you ALL 4- 
TRACK STEREO TAPES -ALL LABELS -post- 
paid to your door- at tremendous savings. For 
free brochure write TAPEMATES CLUB. 5727 
W. Jefferson Blvd., Los Angeles, Calif. 90016 

HI- FIDELITY COMPONENTS, Ham Marine and 
Communication equipment at considerable sav- 
ings. If you want to save money write us for our 
low prices on all your needs. AIREX RADIO 
CORP., 132 (RE) Nassau St., New York, N.Y, 
10038 

HAMMOND Stereo Reverberation mechanisms -$7. CAL'S, Box 234. Dearborn, Michigan 
48121 

LOWEST PRICES. NEW RECORDS. All labels. 
HARVEY, Box 1402. Newport News, Va. 23601 

WHEN YOU ORDER 

MERCHANDISE 

BY MAIL .. . 

Be sure to include your name and ad- 
dress. Include your zip code number. 

Type or print if you can -if not, write 
clearly. 

Don't send cash! Remit by check or 
money order. 

Include allowances for postage charges 
if you know the weight of what you're 
ordering. 

Mention you saw it in 

RADIO- ELECTRONICS 

JULY 1967 

LIKE MUSIC WITHOUT COMMERCIALS? Com- pletely wired 67 KHz SCA (background music) adapter Model SCA-2 for $34.95. Five tuned cir- cuits, two silicon transistor amplifier and ratio detector. Four connections to your FM receiver. Instructions included -No adjustments. Oper- ates on 6 to 12 Volts DC. Size: 21ií x 3 x ?¡ inches. Dealer inquiries invited. Available in- stalled in a nationally advertised six tube AM -FM radio for $59.95. Also available installed in a nationally advertised ten transistor AM -FM port- able for $79.95. Texas residents add 2 °o sales 
tax. KENZAC CO., P.O. Box 66251, Houston, Texas 77006 

INVENTIONS 
& PATENTS 

INVENTIONS IDEAS developed Cash /Ruydlty 
sales Member: UNITED STATES CHAMBER COMMERCE, Raymond Lee, 130 U W. 42nd, Now York City inn 

BUSINESS AIDS 
JUST STARTING IN TV SERVICE? Write for FREE 
32 PAGE CATALOG of Service Order books invoices. job tickets. phone message books, statements and file systems. OELRICH PUBLI. 
CATIONS. 6556 W. Higgins, Chicago. Ill 60656. 

1.000 Business Cards. "Raised Letters" $3.95 postpaid. Samples. ROUTH, 5717 Friendswood, 
Greensboro, N. C. 27409 

SUPREME New 1967 Television Manual avail- able, $4.00. Individual Diagrams, servicing in formation, Radio $1.00, Television, $1.50. 
SUPREME PUBLICATIONS, 1760 Balsam, High- land Park, Illinois 60035 

ELECTRONICS 
BARGAINS in Canadian Electronic equipment 
and surplus. Send $1.00 for giant catalogs. 
ETCO, Box 741, Dept. R, Montreal, Canada 

CANADIANS, TRANSISTORS AND PARTS. Free catalogue contains reference data on 300 tran- sistors. J. & J. ELECTRONICS, Dept. RE, Box 
1437, Winnipeg, Manitoba 

ALL OUR TRANSISTORS 
& RECTIFIERS ARE 

GUARANTEED TO WORK. 

All transistors are checked for volt- 
age 8 gain to insure our customers 
a good transistor within the category 
we advertise. All rectifiers costing 
over $.10 checked for forward volt- 
age & Leakage as well as PRV. The 
gates on our SCR's are also checked. 
All nonoperable units will be re- 
funded or exchanged immediately. 
We will stand on our reputation for 
quality devices and service. 

Users of the above mentioned 
items in large quantities send us 
your specifications. We feel we 
can meet them at a competitive 
price. 

JK FLIP FLOPS $1.15 
DUAL NAND NOR GATES . $1.00 
SR CLOCKED FLIP FLOPS ...$1.15 
SRT FLIP FLOPS $1.15 
EXPANDABLE OR GATES ... $1.00 

Guaranteed to work 
TO 85 flat pack 

They come complete with sche- 
matic, elect. characteristic sheet. 

UNUSUAL BARGAINS 
MANN/ U. S. GOVT SURPLUS 

GIANT WEATHER BALLOONS 
"Kalis of NW" for kids. trnlr. %topper+ for stores. terrine o,:near ,,.me,roingi.m.. t-m ii;hhnh..1 

icseusniiiin. 
ere. 

toOrd fun. 
ere., 

imin i.neh 
ol. Vade of henry ,duly 

lo 
ne .1 Inn , Inflate itl, s'a'' e: 

' ot" air ̀  h,,.e: - I.nlly available helium fo,,' high r 
Stock No. 60.S68EN (9, diam.) 52 00 Pod. 
Stock No. 60 632EN (16' d,an, t 57.00 Ppd. 

NEW SURPLUS Ni -Cd BATTERIES 

11 

,hn , 7 I. .m liR- 
9, , ,, , :und ,n.,.l,:, r:" -y- 1.'.. I.Y , Volts Pet ,,1i_7:,n l,li. amino hoot, endntelt,r. Fxex1. ehrn-ge retention print- ttenlly 

:,1. -d . Indefinite storage life. \In evils eils ,rl,led 
' ti .tl)' rot. Combine to form bury. 7 n' ilia. high. '..per. !rire for Ilia up. Loa inrt charger ,te. 

Cells DC volt. Price Ppd. 
1.!.S í 1.30 

r_, 2.75 
3.60 
4.e0 

10.95 
DUPONT PLASTIC LIGHT GUIDE KIT 

ten,- 11, 

Stock No. 70. as.(,. SIn Of, ei ,. o.d., he Stork ,r .. 

EDMUND SCIENTIFIC CO., Barrington, N. J. 08007 
CLIP AND MAIL COUPON TODAY 
SEND FOR FREE CATALOG "EH" 

V , ., I., - ,.,, ,.I , n. 
cauca;nne.. 

nun. ,i 
lr. Ìa,.en. ot 

e:,l :nnl t. l U er'"no.Knetic Imns, a.'r. ,t ̀ Yn 
11ïo selection of \rtr,n,oi:..,I ?rrla.e,a.Mirnenpe. uinr,n:,r.. lan. nu,ers, magnet,. Lenses. Pri..n:.. 

í 

ann tan,. ...ruin. 4tl lyiÌicuc n 

ir= 
Ürk:hen. 

factory. VUn [or culoE "l:FI", 

NAME 

ADDRESS ... 

CITY STATE ZIP 

Cirri' 144 on reader's .service L'artl 
"N" Channel FET'S SIM. to Silicon Power Rectifiers 2N3088 Used As Amp. Switch, 

Chopper -Very High Input Z Each 
$1.50 

SIM. to 2N728(NPN). A high 
frequency 10-18 unit extending 

to the UHF range 3/$1.00 

ni GLASS DIODES color coded. 
Silicon 20/$1.00 

6E 30/$1.00 

ni SIM. to 2N2875 (PNP). Silicon 
20 watts with 30 MHz cut off 

$.75 

Ç j 10 WATT ZENERS. 3 -180V. 
State desired voltages Ea. $.75 

r- SILICON BILATERAL SWITCH. 
`-J Replaces two SCR's by firing in 
either direction when breakdown 
voltage is exceeded. Used in light 
dimmers, etc.. .. Ea. $.75 

HIGHVOLTAGE NPN 150V 
VBCBO at 2.5A, hi gain in 

TO -66 pack $ .75 

_ HIGHVOLTAGE ASSEMBLIES, 
L 6000V at 150 nia. $1.50 

Terms: FOR Cambridge. Mass. 
Send check or Money Order. 
Include Postage, Average Wt. 
per package i!, lb. Allow for 
C.O.D. Minimum Order $3.00 

POST OFFICE BOX 74 D 

SOMERVILLE, MASS. 02143 

PRV 3A 20A 40A 240A 
100 .10 .40 1.00 5.00 
iÓ0-20 .60 1.50 7.00 
400 .25 .80 2.00 12.00 
600 .35 1.20 2.50 20.00 
800 .45 1.50 3.00 

1000 .65 3.50 35.00 

1.25 Amp 
(Glass Amps) 
A controlled ava. 
lanche rectifier in 
which the PRV 
may be exceeded 
without destroy 
ing the rectifier. 

PRV 
100 .12 
200 .15 
400 .20 
600 ' .25 
800 .35 

1000 ' .50 

Top Hat & 
Epoxy 

PRV AMP 
100 .07 
200 .09 
400 .12 
600 .20 
800 .25 

1000 .50 
_1200 .65 

1400 .85 
1600 1.00 
1800 1.20 

Silicon Control Rectifiers 

TO -66 pack Studs 
PRV 3A 7A 20A- -50 .35 .50 .80 
100 .50 .70 1.35 
200 .75 1.05 1.90 

_300 ! 1.25 1.60 2.45 
400 I 1.50 2.10 2.85 
500 1.75 2.80 3.50 
600 2.00 3.00 

I 

700 2.25 3.50 I 

1000 I 5.00 I 

Send For Our Latest Catalog Featuring Transistors, Rectifiers And Components 

Circle 145 on reader's service card 
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MARKET 
CENTER 

®TIINWÓrYO 

adEL9Mo 

TUNAVERTERS 
POLICE, FIRE, AIR- 
CRAFT, MARINE AND 
AMATEUR CALLS ON 
YOUR BROADCAST 
RADIO! Tunable RF 
converters. 6 -1 re- 
duction tuning. 

See complete listing in June RE, page 76 
HERBERT SALCH 3 CO., WOODSBORO RE7, TEX. 78393 

AC POWER BATTERY 
Standard home electricity (60 
cycle, 117 volts) for small ap- 
pliances, record players, tape 
recorders, tools, etc. 

Inverters from 25 to 600 watts, sa 
priced as low as $15.95. 

See your Electronics Parts Dealer, or write 

FROM YOUR 
CAR OR BOAT 

CORPORATION 
1053 Raymond Ave., St. Paul, Minn. 55108 

PROFESSIONAL ELECTRONICS PROJECTS - 
$1 up. Catalog 250. PARKS, Box 25565A, Seattle, 
Wash. 98125 

TUBES. "Oldies ", latest. Lists free. STEINMETZ, 
7519 Maplewood, Hammond, Indiana 46324 

RADIO & TV TUBES 330 each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL, 4217 -E University. San 
Diego, California 92105 

TRANSISTORS DIODES - Components. Large 
selection. Write for FREE catalogue. ELEC- 
TRONIC COMPONENTS CO. Box 2902B, Baton 
Rouge, La. 70821 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS. All Brands -Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jeri- 
cho Turnpike, Mineola, N.Y. 11501 

FREE CATALOG -Loads of electronic bargains. 
R.W. ELECTRONICS, INC., 2244 So. Michigan 
Ave., Chicago, Illinois 60616 

TV CAMERAS, converters, etc. Lowest factory 
prices. Catalog 10e. VANGUARD, 196.23 Ja- 
maica Ave., Hollis, N.Y. 11423 

Discharge IGNITION. PHOTOFLASH. Free cata- 
log parts, kits. TRANSPARK, Carlisle, Mass. 
01741 

"CRYSTAL SET CONSTRUCTION" Handbook - 
500. Catalog LABORATORIES, 12041 -B Sheridan, 
Garden Grove, Calif. 92640 

ELECTRONIC PARTS! Components. transistors, 
diodes, kits, relays, and many special items. 
Guaranteed. Send 250 for 100 page catalog. 
GENERAL SALES CO., P.O. Box 2031C, Freeport, 
Texas 77541 

MESHNA'S TRANSISTORIZED CONVERTER KIT 
converts car radio to receive police & fire. 35- 
50Mc or 100-200Mc. (One Mc tuning) with sim- 
ple step instructions $5.00. MESHNA, No. Read- 
ing, Mass. 01864 

POLICE - FIRE - AIRCRAFT - MARINE - 
AMATEUR calls in your broadcast radio with 
TUNAVERTER! Tune the Band! Economical! 
Guaranteed! Free Catalog. SALCH COMPANY, 
Woodsboro RE7, Texas 78393 

SURPLUS SEMICONDUCTORS and miniature 
electronic parts. Send 250 for catalog. ECD 
COMPANY, P.O. Box 1432, Plainfield, N. J. 
07061 

TV CAMERA KITS for experimenters and indus- 
try. Expanded line includes monitors, vidicons, 
lenses, tripods. slow scan, etc. NEW 1967 cata- 
log, 100. ATV RESEARCH, Box 396 -R, So. Sioux 
City, Nebr. 68776 

FREE Catalog. Electronic parts, tubes. Whole- "JAPANESE ELECTRONICS INDUSTRY" Monthly 
sale. Thousands of items. Unbeatable prices. English Magazine. Sample $1- Subscription 
ARCTURUS ELECTRONICS RE, 502 -22 St.. Union $10. DEE, 10639 Riverside, North Hollywood, 
City, N. J. 07087 Calif. 91602 

8 PIECE TOOL KIT 

CORNELL 
Wrenches to 

I Hen Blade 
2 Alignment I. _ 
..,nine Tools 

INTERFERENCE 

TRAPPER 
SUPPRESS PICTURE INTERFERENCE 

CAUSED BY: 
AUTO IGNITION 
A iv PLANES 
APPLIANCES 
NEON SIGNS . is 
OIL BURNERS 
AMATEUR RADIO TRANSMITTERS 

TV LIFESAVER! 
STOP TUSK URNOUTSI 

III I 

wní w.' 

s,19 
IeO,M <4,1 
unJ.M w. 
rcMl<MBB Eli nu . 

:á Ow,. 
WO 

,NnIIMl ' <.,o< m. 
W MMO.al. 

PER 

TUBE 

100 TUBES OR MORE 

30, PER TUBE 

SILICON 
RECTIFIERS 

iW W .896 
NS SIT 

IMM 

all purpose 
ELECTRONIC 

CLEANER 

89c 
ci¢iñei 

TUBE 
CARTONS 

BIG.. G<OSS 
CEA, COATED 

Y1« I I.I, . 
,11 It 
TACISi 

SEE 
Mer 

HI l 
[Wan 

2.59 
3.49 

TUBES 
1 lit .GIJAltA 

LJD -test. 
ITE1) 

Mutual conductance inali lau.nr 
Board. Branded and Code Dated. Tutee 

are new. or used add so marbled. 

OZ4 6AS5 6CD6 6K6 6X4 1211í6 

153 6ÁT6 6CF6 6K7 6X6 125H7 

113/1K3 64.75 6CG7 607 7A7 12BL6 

INS 6AU4 6CG8 6S4 7AR 17677 
114 6AU6 

6CM1 6SA7 78 12CS 
IT< 
1U4 6ÁV6 If nn1 zl.lppei it. 24 hr5 1251-17 
IX2 6AW$ YOUR ORDER 12SQ7 
31Z6 6AX4 
3DG4 61A6 F R E E ! 2516 
SU4 6BCS 3526 
SUS 6506 6C25 651.17 7(5 

3523 5V4 61G6 606 65)7 7N7 
SY3 6516 6DÁ4 65K7 7Y4 5016 
6A6 65L7 60E6 6517 12ÁD6 Y4 
6A8 65144 6006 65N7 12AE6 27 
6Á1I4 65146 61A7 65Q7 12AF6 77 
6AC7 

6506 6EMS 65R7 12AT7 78 
GAGS 

61Q7 1Ií6 6U7 12AÚ7 846 :4 6AKS 
1IÁ15 

6826 6G1111 6V6 
1ZÁ%7 

5657 121A6 
6ÁN5 6C4 6H6 6350 

6W4 12806 6C 6 615 6463 
6AQ5 C 6 616 

6W6 126E6 7044 
Athl. tuhe at !mu nricet_ und Irr fir litt 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION 

RADIO -TV 
TUBE TESTER 

CORNELL ELECTRONICS CO. 
Dept RE 7 4217 University Ave.. San Diego . Calif. 9 2 I 0 5 

4w,th every sil Order 

2ptr tube 

(NO Limit) from this Isst 

6AQ5 6SN7 

6AQ5 6C86 654 
6AU6 616 6W4 

WE VV. EASY TO uSE 
COLOR TV,'Z95 

DEGAUSSERR.JJ 

BARGAIN 
CORNER 

Solder Iron 1.49 

Elect Tape .89 

Epoxy (pr.) .79 

Diode Kit .39 

Noise Filter .89 

Neon Tester .59 

Solder .39 

Antenna 
Coupler 1.89 

Battery 
Charger 4.95 

1/'e'SlI_1 E- sllrY'l'.+: lll'l' 1'lJlll". 

Ir.+I/IIELECTRONIC EXPER 
MI CORM" COIIOMIS OME e 

°-e,...,... y 
, °, lwv..,.....i.w. 

r (, . 
u 

h._ - a- 
I. ' tg,lPEm aA0.0 FxIMG AwO 

-}. ae ElEC,ddes CONO Ow, U 

Pl., 3, mit J aml4dt 1 VEST ,n°AE PAID `. »_ -'.'K- TV a RAD.O SETS 
aHII.M,Il 

TERMS Add 3c per tube 
snipping Orders under 55 00 
add 3c per tube shipping 
plus 50c handling. Canadian 
orders add appen' mate 

mu PAC1cM Tv MEWING CO.'s.. 

n,w 
Ow, El SO 

.e 

Both above $6.0 courses 
postage Send 25 °. deposit 
on C 0 O orders No C 0 D 

orders under $5 DO or to 
Canada NO 24 hr free otter 
on personal check orders 
S DAY MONEY BACK OFTER 

SEND FOR 

FREE CATALOG 
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GOVERNMENT 
SURPLUS 

72 page illustrated Government Surplus Radio, 
Gadgeteers Catalog 25e. MESHNA, Nahant, 
Mass. 01908 

EDUCATION/ 
INSTRUCTION 

LEARN ELECTRONIC ORGAN SERVICING. New 
home study course covering all makes elec- 
tronic organ including transistors. Experimental 
kits -schematics -trouble- shooting. Accredited 
NHSCGI Approved. Write for free booklet. 
NILES BRYANT SCHOOL, 3631 Stockton Blvd., 
Dept. F, Sacramento 20, Calif. 

CORRESPONDENCE COURSES- B.Sc.. Engi- 
neering. Electronics. Catalog $1. CANADIAN 
INSTITUTE OF SCIENCE & TECHNOLOGY, 263E 
Adelaide St. W., Toronto 

WANTED! TV- RADIOMEN to learn aircraft elec- 
tronics servicing. Numerous ¡ob openings every. 
where. Write: ACADEMY AVIONICS, Reno /Stead 
Airport, Reno, Nevada 

SLEEP LEARNING. Hypnotism! Tapes, records, 
books, equipment. Details, strange catalog 
FREE. RESEARCH ASSOCIATION, Box 24 -RD, 
Olympia, Wash. 

HIGHLY EFFECTIVE HOME STUDY COURSE in 
Electronics Engineering Mathematics with cir- 
cuit applications. Earn your Associate in Science 
degree. Free literature. COOK'S INSTITUTE OF 
ELECTRONICS ENGINEERING, P.O. Box 36185, 
Houston, Texas 77036 (Established 1945.) 

HIGHLY EFFECTIVE HOME STUDY REVIEW for 
FCC commercial phone exams. Free literature. 
COOK'S SCHOOL OF ELECTRONICS, P.O. Box 
36185, Houston, Texas 77036 

ASSOCIATE DEGREE IN ELECTRONICS earned, 
first half by correspondence and second half in 
residence. Free catalog. GRANTHAM INSTI- 
TUTE, 1505 N. Western Ave., Hollywood, Calif. 
90027 

FCC First Class License in six weeks -nation's 
highest success rate -approved for Veterans 
Training. Write ELKINS INSTITUTE, 2603E In- 
wood Road, Dallas, Texas 75235 

SERVICES 
Transistorized products dealers catalog. $1. 
INTERMARKET, CPO 1717, Tokyo, Japan. 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or serv- 
ices): 60C per word ... minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items): 300 per 
word . . . no minimum. 
Payment must accompany all ads except those placed by accredited advertising agencies. 
10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable 
ads not accepted. Copy for August issue must reach us before June 9th. 
WORD COUNT: Include name and address. Name of city (Des Moines) or state (New York) 
counts as one word each. Zone or Zip Code numbers not counted. (We reserve the right to 
omit Zip Code if space does not permit.) Count each abbreviation, initial, single figure or 
group of figures or letters as a word. Symbols or groups such as 8 -10, COD, AC, etc., count 
as one word. Hyphenated words count as two words. Minor over -wordage will be edited to 
match advance payment. 

r 

CLASSIFIED ADVERTISING ORDER FORM 
For complete data concerning classified 
Market Center section. 

1 

6 

11 

16 

21 

26 

31 

2 

7 

12 

17 

22 

27 

32 

l@ .30 Non -Commercial Ratel 
No. of Words I .60 Commercial Rate f °$- 

Total Enclosed $ 

In ser L-- time( s) 

Starting with 

Payment must ac- 
company order un- 
less placed 
through accred - 

issue ited advertising 
agency 77 

advertising please refer to box elsewhere in 

3 4 5 

8 9 10 

13 14 15 

18 19 20 

23 24 25 

28 29 30 

33 

NAME 

34 35 

ADDRESS 

CITY_ STATE 2Ip 

SIGNATURE 
MAIL T0: RADIOELECTRONICS, CLASSIFIED AD 
DEPT., 154 WEST 14TH ST., NEW YORK, N.Y. 10011 

JULY 1967 

SPECIAL 4 1 

PURCHASE 
1.11 

. 1 -Amp TOP HAT AND EPDXIES 
ü PIV Sole PIV Sale PIV Sol. 

SO Si 600 ' 191 1400._; 69e. 
100 71 ROO . 25v 1600 (: 89e 
200 
100 ' 1 

91 11000 
1200 

45e 
59 c 

1800 (' 99e 
" ' ! 2000 1.50 

GLASS AMP' e`° 
ONE .4- 

SILICON 
RECTIFIERS 

Ply Sale PIV Sole 
50 I 7e 600 19c 

100 91 000 - 29c 
200 1111 1000 
400 131 1200 59c 

1 AMPLi 
800PIV¡, 

TOP HAT 

RECTIFIERS 

for 

,.Actual Site 1r. --( -- 
1 AMP 

PIV Sol. PIV Sole 
50 [ -1 5e 600 Cl 20e 

MICROMINIATURE 100 I] 7e 800 L) 251 

SILICON RECTIFIERS 
420000 

12 ¡1000 
I 1 SOi 

SILICONRECTIFIERS 

SOLID STATE PACKS 
Full Wave Bridge Ac' 

2 AMP E ii 
1000 P I V A: $3e57 

2OO 
Pw 

1.5 A $ 1.49 

2N1100 r °_ 

$1.99 
'ce yell. 72 

SOLI INC. 

AMP 
Eppoxy Rectifiers 

lil! 
_ 

Ply Sole PIV Sale 
50 19e 600 59e 

100 25e 800 ._I 69c 
200 39e 1000 : . 791 
400 45e 

ZEN ER 
RECTIFIERS 

HALF WATT TOO 29 
1- WATT 45 
10 WATTS 69 

Vo1M Vatti Volt. Volts 
', a 14 4e h'6 t: 
f,a 2l1 4l 91 ll: 
x0 22 SI 1: 
9I 24 56 li,: 
IO 

27 62 
á7uá 

12 33 6R Ivn 

SILICON POWER STUD RECTIFIERS 

AMPS ,,c 50 PIV 100 PIV 200 PIV 
3 I ." 7e 9e 17e 

15 ' 1 270 40e 65e 
45 1` .. 75e 90e 1.25 

AMPS 400 PIV 600 PIV 800 NY 1000 PIV 
3 22e 31e 40f ,: 59e 

15 901 ! 1.35 1.59 1.79 
45 ' 1.59 1.90 2.50 2.95 

SILICON 

New! CONTROLLED 
RECTIFIERS 

3 7 16 25 PRV AMP AMP AMP AMP 

DUAL 
Transistors 
$ 1.9FL 
Silicon ; 

PNP 2N7807 

NPN 2N2060, 

50 30 48 -- 70 RO 
100 48. 70,.1.05 1.20 
200 70 1.05 1.30' 1.70 
300 1.05 1.60 :1.90.,2.20 
400 1.30 2.10 
500 1.60 2.80 3.00.. 3.30 
600 1.90 3.00. 3.30 3.90 

1 0 FOR OUR "SUMMER" BARGAIN CATALOG ON: ri Semiconduccen [J Poly Pak, Parts 
TERMS: sent, check money order. 

O R.ten n- R. 
dwv. c. 

DCPDs k 

25 -.. 

AK S SO. LYNNf ELD, MASS. 01940 
"PAK -KING" of the World 

( irr Ir la7 un rtodtr's srrritr torrl 
95 

www.americanradiohistory.com

www.americanradiohistory.com


N liv 
A low cost Crystal for 
the Experimenter 

International "%Imp type "EX" 
LOW COST 

MINIMUM 
DELIVERY TIME 

3,000 KHz to 60,000 KHz 

$ 75 
Postage 

Paid 

SPECIFICATIONS: International Type 

"EX" Crystal is available from 3,000 

KHz to 60,000 KHz. The "EX" Crystal 

is supplied only in the HC -6 /U holder. 

Calibration is ± .02% when operated in 

International OX circuit or equivalent. 

CONDITIONS OF SALE: All "EX" Crys- 

tals are sold on a cash basis, $3.75 

each. Shipping and postage (inside U.S. 

and Canada only) will be prepaid by 

International. Crystals are guaranteed 
to operate only in the OX circuit or its 

equivalent. 

:)ir 

1 

I 

COMPLETE OX OSCILLATOR KITS 

Everything you need to build your own 
oscillator. Two kits available. "OX -L" kit 
3,000 to 19.999 KHz. "OX -H" kit 20.000 
to 60,000 KHz. Specify "OX -L" or "OX- 
H" when ordering. $235 

Postage Paid 

MINIMUM DELIVERY TIME We guaran- 
tee fast processing of your order. Use 

special EX order card to speed delivery. 
You may order direct from ad. We will 
send you a supply of cards for future 
orders. 

ORDERING INSTRUCTIONS 

(1) Use one order card for each fre- 

quency. Fill out both sides of card. 

(2) Enclose money order with order. 

(3) Sold only under the conditions 
specified herein. 

--_ ----...-- 
INTERNATIONAL 

_ 

CRYSTAL MFG. CO., INC. 
10 No. Lee Okla. City, Okla. 73102 
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w 

ANY GOOD CARTRIDGE WILL TRAC( THESE PASSAGES 

BUT ONLY 
A HIGH 

TRACKABILITY 
CARTRIDGE 
CAN COPE 
WITH THIS 

GROOVE! 

CLOSE THE TRACKABILITY GAP 
(AND YOU'LL IILAR THE DIFFERENCE) 

The photomicrograph above portrays an errant, hard -to- 
track castanet sound in an otherwise conservatively mod- 
ulated recording. The somewhat more heavily modulated 
grooves shown below are an exhilarating combination of 
flutes and maracas with a low frequency rhythm comple- 
ment from a recording cut at sufficiently high velocity to 
deliver precise and definitive intonation, full dynamic 
range, and optimum signal -to -noise ratio. Neither situa- 
tion is a rarity, far from it. They are the very essence of 
today's highest fidelity recordings. But when played with 
an ordinary "good" quality cartridge, the stylus invariably 
loses contact with these demanding grooves -the casta- 

nets sound raspy, while the flute and maracas sound 
fuzzy, leaden, and "torn apart." Increasing tracking weight 
to force the stylus to stay in the groove will literally shave 
off the groove walls. Only the High Trackability V -15 
Type II Super -Tracks cartridge will consistently and effec- 
tively track all the grooves in today's recordings at record - 
saving less- than -one -gram pressure...even with cymbals, 
orchestral bells, and other difficult to track instruments. It 
will preserve the fidelity and reduce distortion from all 
your records, old and new. Not so surprisingly, every 
independent expert and authority who tested the Super 
Track agrees. 

SI--IVRE 
SUPER TRACKABILITY PHONO CARTRIDGE 

At $67.50, your best investment in upgrading your entire music system. 

Send for a list of Difficult -to -Track records, and detailed Trackability story: Shure Brothers, Inc., 222 Hartrey Ave., Evanston, Illinois 60204 

e 1967 Shure Brothers Inc. 
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RCA's COLOR TV FASTCHECK 7 

WEAK COLOR? \/ 

Follow these steps to isolate the trouble area... 

If colors lack full saturation, 
make sure that fine -tuning, 
brightness and color controls 
are set correctly. Then 
determine the receiver section 
in which signal is attenuated 
as follows: 

1. Apply an rf color -bar signal at the antenra terminals. 

2. Connect a scope at the video detector. Check amplitude of the color -bar pulses and sync pulses. 
They should be approximately the same. If color -bar pulses are attenuated, check for trouble, 
including poor bandpass, between the antenna terminals and the video detector. 

3. If amplitudes are correct, look for trouble in the chroma section, as follows: 

a. Check bar -pulse amplitude at input and output of bandpass amplifier. 

b. Check bar signal at input and output of demodulators and color amplifiers. Note: Trouble in only 
one of these stages will produce a shift in colors, which will show up in the color -bar pattern. 
Loss of color saturation in the demodulators or color amplifiers, therefore. indicates trouble 
in a circuit common to the demodulators or color amplifiers. 

4. Once the defective stage or section has been found, use voltage or resistance measurements 
to pinpoint the circuit defect. 

This is another in RCA's continuing series of color TV service hints, to help make your job easier. 
Your RCA tube distributor can also make your job easier, because he's your best source 
for quality RCA receiving tubes for color TV, as well as for black- and -white TV, radio and hi -fi. 

You enjoy more customer confidence and satisfaction when you replace with RCA receiving tubes, 

RCA ELECTRONIC COMPONENTS AND DEVICES. HARRISON, N.J. 

The Most Trusted Name in Electronics 
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